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PREFACE. 


The  prep>aration  of  this  work  was  undertaken  with  three  chicf  considerations  in 
mind.  i.  The  presentation  of  the  esscntial  facts  of  human  anatomy,  regarded  in  its 
broadest  sense,  by  a  descriptive  text  which,  while  concise,  should  be  sufficiently  com- 
prehensive  to  inciude  ali  that  is  necessary  for  a  thorough  understanding  not  only  of 
the  gross  appearances  and  relations  of  the  various  parts  of  the  human  body.  but  also 
of  their  structure  and  development.  2.  Adequate  emphasis  and  explanation  of  the 
many  and  varied  relations  of  anatomical  details  to  the  conditions  claiming  the  atten- 
tion  of  the  physician  and  surgeon.  3.  The  elucidation  of  such  text  by  iUustrations 
that  should  portray  actual  dissections  and  preparations  with  fidelity  and  realism. 

To  the  first  of  these  ends  the  co-operation  of  several  American  teachers  of 
anatomy  was  enlisted,  \vhose  contributions  have  been  welded  into  a  homogeneous 
whole. 

Dr.  Thomas  Dwight  has  vvritten  the  description  of  the  skeleton,  including  the 
joints,  and  that  of  the  gastro-pulmonary  system  and  of  the  accessory  organs  of 
nutrition. 

Dr.  Carl  A.  Hamann  has  contributed  the  account  of  the  cerebro-spinal  and 
sympathetic  ner\es. 

Dr.  J.  Playfair  McMurrich  has  supplied  the  systematic  description  of  the  mus- 
cular  and  of  the  blood-  and  lymph-vascular  system. 

Dr.  George  A.  Piersol  has  written  the  introductory,  liistological  and  embryolog- 
ical  paragraphs  throughout  the  uork  and  contributed  the  description  of  the  central 
nervous  system,  including  the  deep  relations  of  the  cranial  nerves,  of  the  organs  of 
special  sense,  of  the  carotid,  coccvgeal  and  aortic  bodies,  and  of  the  uro-genital  system. 

The  second  desideratum — adequate  consideration  of  the  practical  applications 
of  anatomy — has  been  ensured  by  the  co-operation  of  Dr.  J.  William  White, 
whose  ripe  experience,  both  as  a  surgeon  and  as  a  teacher  of  surgery,  has  enabled 
him  to  point  out  with  unusual  force  the  relations  of  anatomy  to  the  requirements  of 
the  practitioner,  and  to  associate  for  the  benefit  of  the  študent  anatomical  facts  >*nth 
those  conditions,  resulting  from  injury  or  disease,  that  these  facts  elucidate. 

While  no  attempt  has  been  made  to  cover  the  field  of  operative  surger}',  brief 
descriptions  of  operative  methods  have  been  given  when  they  have  seemed  necessary 
to  complete  the  study  of  an  anatomical  region  or  of  an  important  organ.  Occasion- 
ally  a  relatively  rare  operation  has  been  included  because  of  the  exceptional  practical 
importance  of  the  subject  from  an  anatomical  standpoint. 

The  writer  of  the  Practical  Considerations  has  aimed  at  presenting,  in  connection 
with  each  organ  or  svstem,  enough  facts  illustrative  of  the  dependence  of  the  diag- 
nostidan  and  practitioner  upon  anatomical  knowledge  to  awaken  interest  and  to  com- 
bat  the  tendency  to  regard  anatomv  as  something  to  be  memorized  during  študent 
days  and  forgotten  when  examinations  are  over.  Even  \vhen  such  facts  do  not  seem 
at  a  first  glance  to  come  \vithin  the  scope  of  a  text-book  of  anatomy,  it  will  be  found 
that  a  careful  comparison  of  this  text  with  the  descriptive  f>ortion  of  the  book  will 
show  a  real  and  practical  relation  bet\veen  them — a  relation  which,  once  established 
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in  the  minds  of  ihc  študent  and  iho  phvsician.  \vill  make  it  eiL-iicr  f^r  thc  former  to 
leam  his  anatom  v  and  for  the  Luter  to  remember  and  applv  it. 

Dr.  \Vhito  desires  to  ackno\vledge  fiillv  his  ohliorations  to  the  existing  ireatises 
on  applieii  anatomv  and  to  the  various  te.\t-lx)oks  and  encvcl«  »pedias  on  surj^trn-  and 
medicine  from  \vhich  manv  valuable  siijEjgestions  \vere  cathercd.  To  l^rs.  G\vilym 
(t.  Daviš  and  T.  Tiirner  Thomas.  his  thanks  are  diie  for  a  caretul  search  for  possible 
errors.  for  frien<.ily  criiicism.  and  for  help  in  the  sekction  of  iHusiraiions. 

The  iliustrations  for  the  anatomv — a  maiter  of  fiindamental  im|>«^rtance  in  a  work 
of  this  character-  have  r<:vei\ed  most  conscientious  attention.  The  determination  to 
produce  a  series  of  *  original  dravvinjjs  that  should  faithfullv  record  the  dissections  and 
pfeparations  as  thev  actuallv  ap|x\ir,  and  not  as  diagrammatic  riijiires.  has  involved 
an  exp>enditure  of  time  anil  j\iinsiakini;  ettort  that  oni  v  those  having  experience  with 
stmilar  tasks  can  appreciatc.  \Vhen  it  is  staied  that  considerablv  more  than  tuo 
thousand  oripnal  drawin\;>  ha\  e  heen  made  in  the  pre|\iration  of  the  rig^ures  illus- 
trating  the  work.  some  a^nception  \vill  he  had  of   the  magniiude  of  this  feature. 

In  the  cx>mpk'tion  «•!  this  laN^r  the  eiiitor  h*is  lxfen  most  fortunate  in  ha\*ing 
the  assistance  of  Pr.  J  v  »hi)  C.  Heisler,  to  \vhose  skill  and  tireless  enthusiasm  he  is 
indebted  for  the  admirable  dissections  iu^m  \vhich  mo^st  of  the  iliustrations  of  the 
musdes.  blood-vessels,  nfr\-es.  jKrineiim  and  invruinal  region  uere  dra\vn.  as  well  as 
for  manv  suggestions  ior  and  revision  of  the  drauings  them>e!\os.  Professor  Gwilym 
G.  Daviš  has  alik>  rendt-rtti  vakiahle  »issistance  in  sui^nlvin^  the  dissections  for  the 
drawings  relating  to  the  Practical  Con>iderati«^n>.  as  well  »is  in  suf>er\ising  that 
|X>rtion  oi  the  anisis  work. 

In  addition  K'*  the  niimerous  disseciions  ar.d  preparati« >:is  made  especiallv  for  the 
iliustrations.  adva::tav:c  ha>  !xx'n  laker.  of  i:\v  rich  v ■»Ilei^tivv^  i:i  the  museums  of  the 
Medical  Dej\inmer.t  ••!  :hv  l'nivtT>:ty  o:  PeT^.r.sv-vania.  *>:"  the  Harvard  Medical 
SchiX>l  and  of  the  \V:>rAr  l::st:t;:u-  ••:"  Ar.a:o::iy.  \vhich  \vere  kindly  placed  at  the 
editor*s  service. 

Record>  of  the  iiis>ec:ior.>.  in  many  cises  liie  >i/e.  \\L-re  m.ide  in  \vater  colors 
chieflv  bv  Mr.  Hcrmann  Fa.vr,  \vh«>>e  renditions  comMne  faiihru!  drawinc  with 
artistic  feelinc  to  a  de;:rcv  i:r.::>'ja!  in  sujh  si:b*tvts.  The  rt-crds  noi  made  bv  the 
list- nam  t.\1  an  :st  ari-  fr-::!  t  h  t-  bn.:sh  of  Mr.  Lud".\:<:  E.  F.i!vr  The  translations 
of  ihe  colorevi  rt-CiTvis  ir.t  ■  Kack  ar. vi  \vh:te.  frora  which  ihe  niial  bkvks  have  been 
made.  as  vvi'.!  .is  the  »ri^-inal  dra'A;"irs  o:  th*.  ':v»::e>  an.i  o:  the  orjcans.  have  been 
made  by  M:  En\:::  F  Faber  To  the  conscit-r.tious  And  tir^it-ss  etlorts  of  this  artist 
are  dui  tht-  tt-chr.ioaj  :x'ai:ty  that  d:>t:::iriii>h  the>t  :'!;i>trat:.':i>  Mr.  J.  H.  Emerton 
drew  tV.L  ■  ir.ts,  a^  -a t II  a>  >.»:tit  r.c-r..-^  rtl^tinc  :•»  the  s.iastr.^-ptr.i-ri.ir^.APi*  svstem.  from 
disstvti^r.s  .ir.vi  >L\:t:  'r.>  >u:^:  •!:«.•.;  b\   IVt  :e>s -r  Dui^ht. 

m.ij:':ir.r:i:i  ::    -irt   l-v   Mr    L.ui-  S.'K:v/:.i:       In  ,i"/.   .MSt->  >kc:che<  \vi:h  the  dmera 
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PREFACE.  vil 

The  editor  gratefully  acknowledges  the  many  kindnesses  shown  by  a  number  of 
his  associates.  Dr.  William  G.  Spiller  generously  placed  at  his  disposal  a  large 
collection  of  microscopical  preparations  of  the  central  nervous  systein,  from  which 
drawings  of  selected  sections  were  made.  To  Dr.  George  Fetterolf  the  editor  is 
indebted  for  valuable  assistance  in  preparing  for  and  seeing  through  the  press  the 
section  on  the  peripheral  ner\ous  system.  The  collaboration  of  Dr.  Edward  A. 
Shumway  very  materially  facilitated  the  preparation  of  the  description  of  the  eye, 
which  received  onlv  the  editor' s  revision.  Likewise,  Dr.  Ralph  Butler,  by  pladng 
in  the  editor' s  hands  a  painstaking  review  of  the  more  recent  literature  on  the  ear 
and  preliminary  account  of  that  organ,  gready  lightened  the  labor  of  writing  the  text. 
Further.  Dr.  Buder  supplied  the  microscopical  preparations  from  which  several  of 
the  drawings  were  made.  In  addition  to  assuming  the  preparation  of  the  index — a  no 
insignificant  undertaking  in  a  work  of  this  character — Dr.  Ewing  Taylor  gave  valu- 
able assistance  in  the  final  revision  of  the  first  hundred  pages  of  the  book.  The 
editor  is  indebted  to  Dr.  W.  H.  F.  Addison  for  repeated  favors  in  preparing  special 
microscopical  specimens.  Dr.  T.  Tu  mer  Thomas  kindly  assisted  in  locating  cross- 
references.  This  opportunity  is  taken  to  express  full  appreciation  and  thanks  to  the 
various  authors  and  publishers,  who  so  kindly  have  given  permission  to  use  illus- 
trations  which  have  appeared  elsewhere. 

Very  eamest  consideration  of  the  question  of  nomenclature  led  to  the  conclusion, 
that  the  retention,  for  the  most  part,  of  the  terms  in  use  by  English-speaking 
anatomists  and  surgeons  \vould  best  contribute  to  the  usefulness  of  the  book.  While 
these  names,  therefore,  have  been  retained  as  the  primary  terminology,  those 
adopted  by  the  Rasle  Congress  have  been  included,  the  BNA  synonyms  ap|>ear- 
ing  in  the  special  type  reserved  for  that  purpose.  The  constant  aini  of  the  editor 
has  been  to  use  the  simplest  anatomical  terminology  and  preference  has  always 
been  given  lo  the  anglicized  names,  rather  than  to  the  more  formal  designations. 
Although  in  many  cases  the  modifications  suggested  by  the  new  terminology  have 
been  followed  with  advantage,  consistent  use  of  the  Basle  nomenclature  seems  less  in 
accord  with  the  conceded  directness  of  English  scientific  literature  than  the  enthusi- 
astic  advocates  of  such  adoption  have  demonstrated. 

The  editor  desires  to  express  his  appreciation  of  the  generous  sup|X)rt  given  him 
by  the  publishers  and  of  the  unstinted  facilities  placed  by  them  at  his  disposal 
throughout  the  preparation  of  the  work. 

Univkrsitv  of  Pennsvlvania, 
September,   1907. 
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VOLUME  I. 


GENERAL  CONSIDERATIONS 

THE  CBLL  EARLV  DEVELOPMENT  THE  ELEMENTARV  TISSUBS 

THE   SKELETON 

THE  BONES  THE  ARTICULATIONS 

THE   MUSCULAR   SYSTEM 


THE  VASCULAR   SVSTEM 

THE  HEART  THE  ARTERIES  THE  VEINS 

THE  LVMPHATICS 


HUMAN  ANATOMV. 


Anatomv  is  that  subdivision  of  morphology — the  science  of  form  as  contrasted 
with  that  of  function  or  physiology — which  pertains  to  the  form  and  the  structure  of 
organized  beings,  vegetal  or  animal.  Phytototny  and  Zootomy,  the  technical  names 
for  vegetal  and  animal  anatomy  respectively,  both  imply  etymologically  the  dissocia- 
tion,  or  the  cutting  apart,  necessary  for  the  investigation  of  plants  and  animals. 

The  study  of  organized  bodies  may  be  approached,  evidently,  from  several  stand- 
points.  When  the  details  of  the  structure  of  their  various  tissues  and  organs  par- 
ticularly  is  investigated,  such  study  constitutes  General  Anatomy  or  Histology^  fre- 
quently  also  called  Microscopical  Anatomy^  from  the  fact  that  the  magnifying  lens  is 
used  to  assist  in  these  examinations.  The  advantages  of  comparing  the  organization 
of  various  animals,  representing  widely  different  types  as  well  as  those  closely  related, 
are  so  manifest  in  arriving  at  a  true  estimate  of  the  importance  and  significance  of 
structural  details,  that  Comparative  Ayiatomy  constitutes  a  department  of  biological 
science  of  far-reaching  interest,  not  merely  for  the  morphologist,  but  likewise  for 
the  študent  of  human  anatomy,  since  we  are  indebted  to  comparative  anatomy  for 
an  intelligent  conception  of  many  details  encount^red  in  the  human  body.  Devel- 
opmental  Anatomy,  or  Embryology,  also  has  been  of  great  service  in  advancing  our 
understanding  of  numerous  problems  connected  with  the  adult  organism  by  tracing 
the  connection  between  the  complex  relations  of  the  completed  structures  and  their 
primi tive  condition,  as  shown  by  the  sequence  of  the  phases  of  development  These 
three  departments  of  anatomical  study — general,  comparative,  and  developmental 
anatomy — represent  the  broader  aspects  of  anatomical  study  in  which  the  features 
of  the  human  body  are  only  incidents  in  the  more  extended  contemplation  of 
organized  beings. 

The  exceptional  importance  of  an  accurate  knowledge  of  the  body  of  man  has 
directed  to  human  anatomy,  or  anthropotomy,  so  much  attention  from  various  points 
of  view  that  certain  subdivisions  of  the  subject  are  conveniendy  recognized  ;  thus, 
the  systematic  account  of  the  human  body  is  termed  Descriptive  Anatomy^  while 
when  the  mutual  relations  and  peculiarities  of  situation  of  the  organs  located  in  par- 
ticular  parts  of  the  body  especially  claim  attention,  such  study  is  spoken  of  as  Topo- 
graphical  or  Regional  Anaiomy,  Consideration  of  the  important  group  of  anatomi- 
cal facts  direcdy  applicable  to  the  diagnosis  and  the  treatment  of  disease  constitutes 
Applied  Anatomy. 

General  Plan  of  Construction. — Vertebrate  animals,  of  which  man  rep- 
resents  the  most  conspicuous  development  of  the  highest  class,  — tishes,  amphibians, 
reptiles,  birds,  and  mammals  being  the  recognized  subdivisions  of  the  vertebrata, — 
possess  certain  characteristics  in  common  which  suffice  to  distinguish  the  numerous 
and  varied  members  of  the  extended  group. 

The  fundamental  anatomical  feature  of  these  animals  is  the  possession  of  an 
axial  columu,  or  spine,  which  extends  from  the  anterior  or  cephalic  to  the  poste- 
rior  or  caudal  pole  and  establishes  an  axis  around  which  the  various  parts  of  the 
elongated  body  are  grouped  with  more  or  less  symmetry.  While  this  body-axis  is 
usuallv  marked  by  a  series  of  well-defined  osseous  segments  constituting  the  ver- 
tebral  column  of  the  higher  animals,  among  certain  of  the  lower  fishes,  as  the  sharks 
or  sturgeons,  the  axial  rod  is  represented  by  cartilaginous  pieces  alone  ;  in  fact,  the 
tendency  towards  the  production  of  a  body-axis  is  so  pronounced  that  the  formation 
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of  a  primitive  axis,  ihe  notoehord,  takes  plače  among  ihe  early  formative  processes  ot 
the  embryo. 

In  addition  to  the  fundamental  longitudinal  axis,  vertcbrate  animals  exhibic  a 
transverse  cleavage  into  somatic  or  body-segments.  While  such  segmentation  is  rep- 
resented  in  the  matiirer  condilions  by  the  scries  of  \'crtebrre  and  the  associatcd  ribi, 
the  tendency  to  this  division  of  the  body  is  most  marked  in  the  early  embryo,  in 
which  the  formation  of  body-segment'5,  the  somiles,  takes  plače  as  one  of  the  primary 
developniental  processes,  Although  these  primary  segments  do  not  directly  corre- 
spond  to  the  permanent  ^■e^tcb^»,  they  are  actively  concerned  in  the  formation  of 
the  latter  as  uell  as  the  segmenta!  masses  of  the  earliost  musciilar  tlssue.  In  man 
not  only  the  skeleton,  biit  likewise  the  miiscular,  vascular,  and  ner\'Ous  systems  are 
affccted  by  this  segmentation,  the  eftecLs  of  which,  however  are  most  evident  in  the 
structure  of  the  walls  of  the  thnracic  portion  of  tlie  lx»dy-cavity. 

Disregarding  the  many  variations  in  the  details  of  arrangement  brought  alx>ut 
by  specialization  and  adaptation,  the  lx»dy  of  every  vcrtebrate  animal  e.xhibits  a 
fundamcntal  plan  of  constniciion  in  uhich  bilateral  symmetry  k  a  conspicuous  fea- 
ture.     Yiewed  in  a  transverse  section  passing  through  the  irunk,  the  animal  body 
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may  be  regarded  as  composcd  primarilv  of  the  axis,  formed  by  the  lx>dies  of  the 
vertebra?,  and  two  tubular  cavities  of  very  unequal  siie  enclosed  by  the  tissues  con- 
stituting  the  body-walls  and  investcd  externa!ly  by  the  integiiment  ( Fig.   i ). 

The  smalk-r  <i[  thesf,  thu  neiiral  tulw.  is  situated  dorsalIy,  and  is  formed  by  the 
scries  of  the  \crtebral  arclics  and  associatcd  ligaincnts  ;  it  surrounds  and  protects 
the  grcat  cerebro-spinal  axis  coni|X)scd  of  the  spina!  cord  and  tlie  specialized  cephalic 
extremity,  the  brain.  The larger  space,  ttie  \isceral  tul>e  corresponding lo  the  body- 
cavity,  or  calom,  lies  on  the  ventral  side  of  the  a.xis  and  contains  Ihe  thoracic  and 
atxlominal  viscera,  including  the  more  or  less  convoliited  digesti\e-liibe  witli  its 
accessorv  glandular  organs,  the  liver  and  the  pancreas,  and  the  appended  re8piratory 
tract,  togelhcr  witli  the  genito-nrinarj'  orgnns  and  the  ^■ascula^  and  Iymphatic  appa- 
ratus. 

The  digestive-tube,  wliich  l>egins  anteriiirly  at  the  oral  orifice  and  o|>ens 
postcrioriv  l)y  the  anus,  is  estended  by  two  ventral  evaginations  giving  rise  to  tlie 
respirat<jry  tract  and  the  liver,  a  dorsjil  glandular  outgrowth  representing  the  i>an- 
creas.  The  sesnal  and  iirinary  glands  and  their  ducts  primarily  occupy  the  dorsal 
wall  of  the  tKKiy  ca\ity.  The  vascular  systeni  consists  essentially  of  the  \entrally 
placed  cuntracting  dtlatation,  the  heart,  divided  into  a  venous  and  an  arterial  com- 
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partment,  and  the  great  arterial  trunk,  the  aorta,  the  major  part  of  which  occupies 
tha  (iorsal  wall  of  the  space. 

The  clongated  typical  vertebrate  body  terminates  anteriorly  in  the  cephalic 
segment.  posteriorly  in  the  caudal  appenciage  ;  between  these  two  poles  extends  the 
trunk,  from  which  project  the  ventrally  directed  limbs,  when  these  appendages  exist. 
Just  as  the  axial  segments,  represented  by  the  bodies  of  the  vertebr«,  take  part, 
in  conjunction  wit:h  the  neiiral  arches,  in  the  formation  of  the  neural  canal.  so  do  these 
segments  also  aid  in  forming  the  supporting  franiework  of  the  ventral  body-cavity 
in  connection  with  the  series  of  ribs  and  the  sternum. 

Descriptive  Terms. — The  three  chief  planeš  of  the  vertebrate  body  are  the 
Sagittal,  the  transverse,  and  the  frontal.  The  sagiltal plane,  when  central,  passes 
through  the  longaxis  of  the  body  vertically  and  bisects  the  ventral  or  anterior  and 
the  dorsal  or  posterior  surfaces.  The  transverse  plane  passes  through  the  body 
at  right  angles  to  its  long  axis  and  to  the  sagittal  plane.  "Vhc /rontal  plane  passes 
vertically  but  parallel  to  the  anterior  or  ventral  siirface,  being  at  right  angles  to  both 
the  sagittal  and  transverse  planeš  (Fig.  2.  ) 

The  vertical  position  of  the  long  axis  in  the  hinnan  body  is  unique,  since  man, 
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of  ali  animals,  is  capable  of  habitual]y  maintaining  the  erect  posture  with  full  exten- 
sion  of  the  supporting  extremities.  The  lack  of  correspondence  between  the  actual 
position  of  the  chief  a\is  of  man  and  the  horizontal  fore-and-aft  axis  of  vertebrates 
in  general  results  in  discrepancies  when  the  three  principal  planeš  of  the  human 
body  are  compared  with  those  of  other  animals.  Thus,  the  sagittal  plane  alone 
retains  the  relation,  as  being  at  right  angles  to  the  plane  of  the  support,  in  ali  verte- 
brates. although  in  man  its  greatest  e.\panBion  is  vertical.  The  transverse  plane  in 
man  is  parallel  with  the  supporting  surface,  while  it  is,  obviouslv,  at  right  angles 
to  the  corresponding  plane  in  ihe  four-fooled  vertebrate  ;  likewise,  the  frontal  plane 
in  man  is  vertical,  while  il  is  horizontal  in  other  animals. 

The  various  terms  emploved  in  describing  the  actual  position  of  the  numcrous 
parts  of  the  human  body  and  their  relations  to  surrounding  structures  have  been 
adopted  with  regard  to  the  crect  attitude  r)f  man  and  the  con\enience  of  the  študent 
of  human  anatomy  ;  hcnce,  in  many  cases,  they  must  be  recognized  as  having  a 
limited  specific  and  technical  application  and  often  not  directly  applicable  to  other 
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vertebrates.  Superior  and  inferior^  upper  and  lower^  as  indicating  relations  towards 
or  away  from  the  head-end  of  the  body,  are,  probably,  too  convenient  and  useful  as 
expressing  the  peculiar  relations  in  man  to  be  readily  relinquished,  although  when 
directly  applied  to  animals  possessing  a  horizontal  body-axis  they  refer  entirely  to 
relations  with  the  plane  of  support,  the  additional  terms  cephalic  and  caudal  being 
necessary  to  indicate  relations  with  the  head- and  tail-pole.  Likewise,  *'anterior" 
and  *  *  posterior,  *  *  as  referring  respectively  to  the  front  and  back  surfaces  of  the 
human  body,  are  more  logically  described  as  ventral  and  dorsal^  with  the  advantage 
that  these  terms  are  directly  applicable  to  ali  vertebrates.  **  Outer"  and  **  inner,**  as 
expressing  relations  with  the  sagittal  plane,  are  now  largely  replaced  bv  the  more 
desirable  terms  lateral  and  mesiai  respectively,  ext€rnal  and  internal  being  reserved 
to  indicate  relations  of  depth.  Cephalic  and  caudal^  central  and  peripheral^  proz- 
imal  and  distal^  are  aH  terms  which  have  found  extensive  use  in  human  anatomy. 

Preaxial  and  postaxial,  in  addition  to  their  general  and  obvious  significance 
with  reference  to  axes  in  conimon,  have  acquired  a  specific  meaning  with  regard  to 
the  limbs,  the  appreciation  of  vvhich  requires  consideration  of  the  primary  relations 
observed  in  the  embryo.  In  the  earliest  stage  the  limbs  appear  as  flattened  buds 
which  project  from  the  side  of  the  trunk  and  present  a  dorsal  and  ventral  surface  ; 
subsequendy  the  limbs  become  folded  against  the  body,  the  free  ends  being  directed 
ventrally,  while  one  border  looks  headward,  the  other  taihvard.  If  an  axis  corre- 
sponding  to  the  transverse  plane  of  the  body  be  drawn  through  the  length  of  the 
extremities,  each  limb  will  be  divided  into  two  regions,  one  of  which  lies  in  front  of 
the  axis,  and  is,  therefore,  preaxial,  the  other  behind,  or  postaxial.  On  reference  to 
F>g'  3  it  is  obvious  that  the  preaxial  border  or  surface  of  each  limb  is  primarily 
directed  towards  the  cephalic  or  head-end  of  the  animal,  and,  conversely,  that  the 
postaxial  faces  the  caudal  or  tail-end.  These  fundamental  relations  are  of  great  im- 
portance  in  comparing  the  skeleton  of  the  upper  and  lower  extremities  with  a  view 
of  determining  the  morphological  correspondence  of  the  several  component  bones, 
since  the  primary  relations  become  masked  in  consequence  of  the  secondary  dis- 
placements  which  the  limbs  undergo  during  their  development. 

The  terms  homolop;ue  and  analogne  call  for  a  passing  notice,  since  an  exact 
understanding  of  their  significance  is  important.  Structures  or  parts  are  homologous 
when  they  possess  identical  morphological  values  founded  on  a  common  origin  ;  thus, 
the  arm  of  a  man,  the  front  leg  of  a  dog,  and  the  wing  of  a  bat  are  homologues,  because 
each  represents  the  fore-limb  of  a  vertebrate,  although  they  differ  in  individual  func- 
tion.  On  the  other  hand,  the  wing  of  a  bat  and  that  of  a  butterfly  are  analogous, 
since  they  are  structures  of  functional  similarity,  although  of  wide  morphological 
diversity.  Homologue,  therefore,  implies  strudural  identity,  analogne  implies 
/ufutional  similarity.  Parts  are  said  to  be  homotvpes  when  they  are  serial  homo- 
logues ;  thus,  the  humerus  and  the  femur  are  homotypes,  being  corresponding 
structures  repeated  in  the  same  animal.  \Vhere  parts  possc*ss  both  morphological 
and  functional  identity,  as  the  wing  of  a  bird  and  of  a  bat,  they  are  analogous  as  well 
as  homologous. 
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When  critically  exatnined,  the  various  organs  and  parts  going  to  make  up  the 
coinplex  economjr  of  the  most  highly  specialized  verlebrate — and,  indeed,  the  same 
is  tmeof  ali  animals  whose  organization  does  not  approach  the  extremely  simple  uni- 
cellular  type — are  lound  to  be  consiituted  by  the  various  combinatJons  ol  a  very 
small  number  of  elementary  tissues ;  these  latter  may  be  divided  into  four  funda- 
mental  groups  : 

Epithelial  tissues ; 

Connective  tissues ; 

Muscular  tissues ; 

Nervous  tissues. 

Of  these  the  nervous  tissues  are  most  specialized  in  their  distribution,  while  the 
connective  tissues  are  univer5ally  present,  in  one  or  another  form  contributing  to  the 
composition  of  every  organ  and  part  of  the  bodv.  The  tissues  of  the  circulatory 
s>-5tcm,  including  the  walls  of  the  blood-vessels  and  lymph-channels  and  the  corpus- 
cular  elements  of  their  contained  fluids,  the  biood  and  the  lymph,  represent  special- 
izations  of  the  connective  tissues  of  such  importance  that  they  are  oiten  conceded 
the  dignity  of  being  classed  as  independent  tissues  :  consideration  of  the  develop- 
ment  of  the  vascular  tissues,  however,  shows  their  genctic  rclations  to  be  so  nearly 
identical  with  those  of  the  great  connective-tissue  group  that  a  separation  from  the 
latter  seems  undesirable. 

Each  of  the  eleraentary  tissues  may  be  resolved  into  its  component  morphologi- 
cal  constituents,  the  cells  and  the  intercellular  substances.     The  tirst  ol  these  are  the 
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descendants  of  the  embryonal  elements  derived  from  the  division  or  segmentation  ol 
the  parent  celi,  the  ovum,  and  are  highly  endowed  with  vital  activity  ;  the  intercellu- 
lar substances,  on  the  other  hand,  represent  secondarv  productions,  comparative!y 
inert,  since  they  are  formed  through  the  more  or  less  direct  agency  of  the  cells.  The 
animal  cel!  may  exist  in  either  the  embryonal.  matured,  or  metamorphosed  condition. 
The  embryonal  celi,  as  representcd  by  the  ear]y  generations  of  the  direct  off- 
spring  of  the  ovum,  or  by  the  Ivmphoid  cells  or  colorless  blood-corpusclcs  of  the 
ailult,  consists  of  a  small,  irrcgularly  round  or  oval  mass  of  fine!y  granular  gelati- 
nous  sut>stance — the  protofi/asm — in  which  a  smallcr  and  oftcn  indistinct  spherical 
tx)dy — the  nuclfiis—\\es  embcdded.  In  the  embrvonal  condition,  nhen  the  celi  is 
without  a  limiting  membrane,  and  composcd  almost  entirely  of  active  living  matter, 
the  outlines  are  frequenily  undergoing  change,  these  variations  in  shape  being  known 
as  aniaboid  movemenis,  from  their  similaritv  to  the  changcs  observed  in  the  oulline 
of  an  active  amceba,  the  reprcsentativc  of  the  simplest  form  nf  animal  life.  in  which 
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the  single  celi  constitutes  the  entire  organ  is  m,  and  as  such  is  capable  of  performing 
the  functions  essential  for  the  life-cycle  of  the  animal. 

As  the  embryonal  celi  advances  in  its  life-history,  the  conditions  to  \vhich  it  is 
subjected  induce,  with  few  exceptions,  further  specializations,  since  in  ali  but  the 
lowest  forms  division  of  labor  is  associated  with  a  corresponding  difEerentiation  and 
adaptation  to  specific  function. 

Vital  manifestations  of  the  celi  include  those  complex  physico-chemical 
phenomena  which  are  exhibited  during  the  life  of  the  cellular  constituents  of  the 
body  in  the  performance  of  the  functions  necessary  for  fulfilment  of  their  appointed 
life-work.     These  embrace  metabolism,  growth,  reproduction,  and  irritability. 

Metabolism,  the  most  distinctive  characteristic  of  living  matter,  is  that  process 
by  which  protoplasm  selects  from  the  heterogeneous  materials  of  food  those  partic- 
ular  substances  suitable  for  its  nutrition  and  converts  them  into  part  of  its  own  sub- 
stance. Metabolism  is  of  two  forms, — constructive  and  destructive.  Constructive 
metabolism^  or  anaboUsm,  is  the  process  by  which  the  celi  converts  the  simpler  com- 
pounds  into  organic  substances  of  great  chemical  complexity ;  destructive  metabolism^ 
or  katabolism,  on  the  contrary,  is  the  process  by  which  protoplasm  breaks  up  the 
complex  substances  resulting  from  constructive  metabolism  into  simpler  compounds. 
Vegetal  cells  possess  the  power  of  constructive  metabolism  in  a  conspicuous  degree, 
and  from  the  simpler  substances,  such  as  water,  carbon  dioxide,  and  inorganic  salts, 
prepare  food-material  for  the  nutritive  and  katabolic  processes  which  especially  dis- 
tinguish  the  animal  celi,  since  the  latter  is  dependent,  directly  or  indirectly,  upon 
the  vegetal  celi  for  the  materials  for  its  nutrition. 

Gro^vth,  the  natural  sequel  of  the  nutritive  changes  efifected  by  metabolism, 
may  be  unrestricted  and  equal  in  aH  directions,  resulting  in  the  uniform  expansion 
of  the  celi,  as  illustrated  in  the  growth  of  the  ovum  in  attaining  its  mature  condition. 
Such  unrestricted  increase,  however,  is  exceptional,  since  cells  are  usually  more  or 
less  intimately  related  to  other  structural  elements  by  which  their  increase  is  modi- 
fied  so  as  to  be  limited  to  certain  directions ;  such  limitation  and  influence  result  in 
uftegual  gro7vthy  a  force  of  great  potency  in  bringing  about  the  dif^erentiation  and 
specialization  of  cells,  and,  secondarilv,  of  entire  parts  and  organs  of  the  body. 
Familiar  examples  of  the  result  of  uneqiial  gro\vth  are  observed  in  the  columnar 
elements  of  epithelium,  the  fibres  of  muscular  tissue,  and  the  neurones  of  the  ner- 
vous  system. 

Reproduction  may  be  regarded  as  the  culminating  vital  manifestation  in  the 
vegetative  life-cycle  of  the  celi,  since  by  this  process  the  parent  element  surrenders 
its  individuality  and  continues  its  life  in  the  existence  of  its  offspring.  While  the 
details  of  the  process  by  \vhich  new  cells  arise  from  pre-existing  cells  are  reserved  for 
consideration  in  connection  with  the  more  extended  discussion  of  the  celi  to  folIow 
(see  page  9),  it  may  here  be  stated  that  reproduction  occurs  by  t\vo  methods, — 
the  indirect  or  mitotic  and  the  direct  or  amitotic.  The  first  of  these,  involving  the 
complicated  cycle  of  nuclear  changes  collectively  known  as  mitosis  or  karvokinesis, 
is  the  usual  method ;  the  second  and  simpler  process  of  direct  division,  or  amitosis, 
is  now  recognized  as  exceptional  and  frequently  associated  \vith  conditions  of  im- 
paired  vital  vigor. 

IiTitability  is  that  property  of  living  matter  by  virtue  of  which  the  celi  ex- 
hibits  changes  in  its  form  and  intimate  constitution  in  response  to  external  impres- 
sions.  These  latter  may  originate  in  mechanical,  thermal,  electrical,  or  chemical 
stimuli  to  vvhich  the  protoplasm  of  even  the  lo\vest  organisms  responds,  or  thev  mav 
be  produced  in  consccjuence  of  the  obscure  and  subtle  changes  occurring  \vithin  the 
protoplasm  of  neighhoring  elements,  as  illustrated  by  the  reaction  of  the  neurones  in 
response  to  the  stimuli  transmitted  from  other  nervous  elements. 

THK  ANIMAL  CELL. 

Ever  since  the  establishment  of  the  Celi  Doctrine,  in  183S,  by  the  announcement 
of  the  results  of  the  epoch-making  investigations  of  Schleiden  and  Sch\vann  on  "The 
Accordance  of  Structure  and  Cirouth  of  Animals  and  Plants,"  the  critical  e.\amination 
of  the  celi  has  been  a  subject  of  continuous  studv.     Notuithstanding  the  tireless  enthu- 
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uasm  with  which  these  researches  have  been  pursued  by  tlie  most  competent  investi- 
gators  and  the  great  advance  in  our  accurate  know1edge  concerning  the  intricate 
problems  relaiJng  to  the  morphology  and  the  physioIog)'  of  the  celi,  much  pertaining 
to  the  detaib  of  the  structure  and  the  life  of  the  celi  stili  remains  uncertain,  and  must 
bc  left  to  the  future  achievements  in  cytology.  The  account  here  given  of  ihe  mor- 
pho!ogy  of  the  celi  presents  only  ihose  fundamental  facts  which  at  the  present  time 
iiiay  be  accepted  as  established  upon  the  evidence  adduced  by  the  most  trustworthy 
observers.  The  more  speculative  and  stili  unsetded  and  disputcd  problems  of  cy- 
tology,  interesting  as  such  theoretical  considerations  niay  be,  lie  beyond  the  purpose 
of  these  pages  ;  for  such  discussions  the  študent  is  referred  to  the  special  works  and 
monographs  devoted  to  these  subjects.  An  appreciation,  however,  of  the  saJient 
facts  of  cytology  as  established  by  the  histologists  of  the  present  generation  is  essen- 
tial  not  only  for  an  inteiligent  conception  of  the  structure  of  the  morphological  ele- 
ments,  but  likenise  for  he  comprehens  on  of  the  h  ghly  suggestive  modern  theories 
concerning  inheritance  5  nce  as  »  II  appear  n  a  later  section,  the  present  viewa 
regarding  these  highly  interesting  problems  are  based  upon  definite  anatomical 
details. 


Notwithstanding  the  great  variations  in  the  details  of  form  and  structure,  cells 
possess  a  common  type  of  organization  in  which  the  presence  of  the  cell-body  or  cylo- 
plasm  and  the  nucieus  is  essential  in  fulfilling  the  modern  conception  of  a  celi.  The 
iatter  may  be  defined,  therefore,  as  a  nucUaied  mass  of  protoplasrn. 

The  term  protop/asoi,  as  now  generally  employed  by  histologists,  signifies  the 
organized  substance  composing  the  entire  celi,  and  with  thls  application  includes 
both  the  cytoplasm  and  the  nucieus. 

Structure  of  the  Cytopla3m.— The  cytoplasm,  or  the  substance  of  the  cell- 
body,  by  no  means  invariabty  presents  the  same  appearance,  since  it  mav  be  regarded 
as  established  that  the  constituents  of  this  portion  of  the  celi  are  subject  to  changes  in 
iheir  condition  and  arrangement  which  produce  corresponding  morphological  varia- 
tions ;  thus,  the  cytoplasm  may  be  devoid  of  definite  structure  and  appear  homoge- 
tieous :  at  other  times  it  may  be  composed  of  aggregations  of  minute  spherical  masses 
and  then  be  described  as  granular,  or.  where  the  minute  spheres  are  larger  and  con- 
sist  of  fluid  substances  cmbcdded  ivithin  the  surrounding  denser  material  of  the  celi, 
as  alveolar ;  or,  again,  and  most  frequent]y,  the  cytoplasm  contains  a  mcsh-work  of 
fibrils.  more  or  less  conspicuous,  »hich  arrangement  gives  rise  to  the  relkular  con- 
dition. The  recognition  of  the  fact  established  by  recent  advances  in  cvtologv,  that 
the  structure  of  cytoplasm  is  not  to  be  regarded  as  immutable,  but,  on  the  contrary, 
as  capable  of  undci^oing  changes  whioh  render  it  probable  that  a  celi  may  appear 
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during  one  stage  of  its  existence  as  granular  and  at  a  later  period  as  reticular,  has 
done  much  to  bring  into  accord  the  conrticiing  and  seemingiy  irreconcilable  views 
regarding  th«  stmcture  of  the  celi  championed  by  competent  authorities. 

VVhatever  bc  the  particular  pliasc  of  slructural  arrangement  exhibited  by  the 
celi,  histologists  are  agreed  that  the  cytoplasni  consists  of  two  substances, — an  aclive 
and  a  passive  ;  whi!e  both  inust  be  regarded  as  living,  the  vital  manifestations  of  con- 
tractihty  are  produced  by  the  former. 

Since  a  more  or  less  pronounced  reticular  arrangement  of  the  aclive  and  passive 
constituents  of  cytoplasm  is  of  wide  occurrencc  in  mature  cclls.  this  condition  may 
serve  as  the  basis  for  the  descriptlon  of  the  morphology  of  the  typical  celi. 

Critical  examination  of  many  cells,  especia!ly  the  more  highly  differentiated 
forms  of  glandular  epithclium.  shows  the  cytoplasm  to  contaln  a  mesh-work  com- 
posed  of  delicatc  fibrils  and  septa  of  the  njore  active  substance,  the  spongioplasm ; 
although  conspicuous  after  appropriate  staining.  the  spongioplasiic  net-work  may  be 
seen  in  the  unstainod  and  living  celi,  thcreby  proving  that  siich  structural  details  are 
not  artefacts  due  to  the  action  of  reagents  upon  the  albuminous  substances  com- 
posing  the  protoplasm. 

The  interstices  of  the  mesh-work  are  filled  with  a  clear  homogeneous  semifluid 
material  to  which  the  name  of  hyaloplasm  has  been  applied.  Embedded  within  the 
hyaloplasm,   a  variablc  amomu  of    foreign  substances  Is  freqiiciitly  prc-sent ;    these 
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include  particlcs  of  oil,  pigment,  secretory  products,  and  other  extraneous  materials, 
which,  while  possibly  of  importance  in  fulfilling  the  purposes  of  the  celi,  are  not  among 
its  essential  niorphological  constituents.  These  sultatanccs,  which  are  inc-rt  and  take 
no  part  in  the  vital  activity  of  the  celi,  are  tcrmed  collectively  metafilasm. 

Cytoplasm  consists,  therefore,  morphologicatly,  of  the  spongioplasm  and  the 
hyaloplasm  ;  chemicallv,  cytoplasm  consists  of  certain  organic  compounds,  salts  and 
water.  The  organic  compounds  are  grouped  under  the  term  protcins,  which  are 
complex  combinations  of  carbon,  hydrogen,  nitrogen,  and  oKvgen,  with  often  a  small 
percentage  of  sulphur.     The  proteins  uf  the  cvtopiasm  contain  little  or  no  phosphorus. 

Structure  of  the  Nucleus. — The  nucleus,  during  the  vcgetative  condition  of 
the  celi,  or  the  "  rcsting  stage."  as  oftcn  Icss  accnratelv  callcd,  appears  as  a  more 
or  less  sphcrical  l)ody  whosc  ontline  is  sharplv  <lefined  from  the  surroiinding  cvto- 
plasm  by  a  tiefinite  envelopc,  the  niidear  membrane.  Since  the  nucleus  is  the 
nutritive,  as  wcll  as  rcproductivc,  organ  of  the  celi.  the  fact  th;it  this  part  of  the  celi 
is  relatively  large  in  voung  and  activclv  gnuving  clements  is  readilv  e\plained. 

The  nucleus  consists  of  \\\n  parts,  an  irrcgular  reticulum  of  mulear fibres  and 
an  intervening  scniifluid  niukar  nialri.v.  theroin  rcsembling  the  cvtoplasm,  Kxam- 
ined  under  high  ningniticatioii,  aftor  apprnpriale  treatment  H-ith  particular  stains,  such 
as  ha'mato\vlin.  safranin,  and  other  basic  dves.  the  niiclear  libres  are  shown  to  be 
composed  of  minute  irregular  masscs  of  a  dee]>ly  colorcd  suletance,  appro])riately 
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called  chromatin  in  recogniiioii  of  its  greai  afiinity  for  ccrtain  stains  ;  the  chromatin 
particies  are  supported  upon  or  within  delicate  inconspicuous  and  almost  colorless 
ihreads  of  linin.  The  latter,  therefore,  forms  the  supporting  net-work  of  the  nuciear 
tibrils  in  which  the  chromatin  is  so  prominent  by  virtue  of  its  capacity  for  staining. 
The  forms  of  the  individua!  masses  of  chromatin  vary  great]y,  often  being  irregular, 
at  other  times  thread-like  or  beadcd  in  appearance.  Not  infrequently  the  chromatin 
presents  spherical  aggregations  wliich  appgar  as  deeply  stained  noduies  altached  tO 
the  nuciear  fibres  ;  these  constitute  the  false  nucleoli,  or  karyosomes,  as  distinguished 
from  the  true  nucleolus  which  is  frequent!y  present  within  the  karyoplasm.  Chemi- 
cally,  chromatin,  the  most  essentlal  part  of  the  nucleus,  contains  nucleln,  a  com- 
pound  rich  in  phosphorus. 

The  niatrix,  or  niicUar  juice,  which  occupies  the  interstices  of  the  net-work. 
possesses  an  exceedingly  weak  af}inity  for  the  staining  reagents  employed  to  color 
the  chromatin,  and  usually  appears  clear  and  untinted.  It  is  probably  closely  related 
to  the  achromaiin  and  contacns  a  substance  described  as  paralinin. 

The  nucleoius,  or  plasmosome,  ordinarily  appears  as  a  small  spherical  body — 
sometimes  multiple — lying  among,  but  unattached  to,  the  nuciear  fibres  ;  its  color  in 
stained  tissues  varies,  somelimes  resembling  that  of  the  chromatin,  although  less 
deeply  stained,  but  usually  presenting  a  distlnct  difierence  of  tint,  since  it  responds 
readily  to  dyes  which,  like  eosin  or  acid  fuchsin,  particularly  afiect  the  linin  and 
cytoptasni.  Concerning  the  exact  nature,  purpose,  and  function  of  the  nucleoius 
much  uncertainty  stili  exists  ;  according  to  certain  authoritics,  these  bodies  are  to  be 
regarded  as  storehouses  of  substances  which  are  used  in  the  formation  of  the  chro- 
matin segments  during  division,  ivhile  other  cytologists  attribute  to  the  nucleoius  a 
passive  role,  even  regarding  it  as  by-product  which,  al  Icast  in  some  cases,  is  čast  out 
from  the  nucleus  into  the  cytoplasm,  where  it  degeneraies  and  disappears.  Since 
trust»orthy  observations  may  be  ciled  in  support  of  both  of  thes«  conflicting 
views,  definite  conclusions  regarding  the  c.\:ict  nature  of  this  constituent  of  the 
nucleus  miist  be  delerred.  The  nuck^ohis  is  crciiited  ivith  containing  a  pecutiar 
substance  knovvn  as  pjrcnin.  The  term  amphipvmiht,  as  applied  to  the  substance 
of  the  nuciear  membrane,  is  of  doubtful  value. 

The  Centrosome.— In  addition  to  the  parts  already  described,  which  are  con- 
spicuous  and  readily  seen,  the  more  recent  investigaiions  into  the  strucnire  nf  cells 
5how  the  presence  of  a  minute  body,  the  cen- 
trosome,   which    plays    an    iniportant    r6le   in  Fig.  7. 
elements  engaged  in  active  change,   as  con-               ^  " 
spicuously   during  division   and.    in   a   lesser 
degree,  during  other  phases  of  cellular  activity. 
Ordinarily   the    centrosome   escapes   attention 
because,  on  account  of  its  minute  size  and  varia- 
ble  staining  affinlty,  it  is  with  difficulty  distin- 
guished from   the  surrounding  particies.     Its                                          n    j-i 
usual  position  is  within  the  cytopl3sm,  but  the           _  O                                ^' A 
exact  location  of  the  centrosome  seems  to  de-            - "  1-  -■                   '  ,.■^     ,    ™~' 
pend  upon  the  focus  of  greatest  motor  activity,               )                              i'    '- 
since,    as    shown    by   Zimmermann,  this    little               ;                                        '  y^ 
body,  or  bodies,  being  often  double,  is  always        J^  A  *• 
found  in  that  part  of  the  celi  which  is  the  seat        W  qy                     ^  •    K 
of  greatcst  change ;  thus,   in  a  dividing  ele-      ■       '      '                            ■» 
ment,  the  centrosome  lies  immediately  related         cemrosom«  \c  e\  m  human  miiheiium- 
to  the  actively  changing  nucleus,  whilc  uithin     a.  b,  ceiis  from  rasiik  »lands;  c.  from  ciu» 
ciliated  epithelium  it  is  removed  from  the  nu-     iT.Uimt  x  £5  ™l'"(?f "^J™"?)  "''' 
cleus  aiid  is  found  closely  associated  with  the 

contractile  filaments  which  probably  produce  the  movements  of  the  hair-like  ap- 
pendages.  In  recognition  of  the  intimate  relations  betiveen  this  minute  body  and  the 
active  motor  changes  aficcting  the  morphological  constituents  of  the  celi.  the  cen- 
trosome niav  be  regarded  physii>logically  as  its  dvnamic  centre  :  the  name  kino- 
untrum  has  l>cen  suggcstcd  by  Zimmennan  as  Iicst  exprcssing  thts  probable 
function  of  the  centrosome.      This  little  !nidy  is  frequently  surroundcd  by  a  clear 
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area  or  halo,  the  centrosphere  or  the  attraclion  sphere,  within  which  it  appears  as  a 
minute  speck,  frequently  being  double  instead  of  single. 

In  recapitulation,  the  chief  constituents  of  the  animal  celi  may  be  tabulated  as 
{oUows  : 

{  Meshwork — Spangiopiasm. 
C>'toplasm     j  Ground-substanče— /a{ya/c^Awwi,  containing  indusions,  Meta- 

i  Linin  fibrils. 
Nuclear  reticulum  consisting  of   •!  Chroma/in  (containing  Au- 

{     ciein). 
Nuclear  matnx  (containing  Para/inin). 

uVur/^olus  (containing  Pyremn.) 
Nuclear  fnetnbrane. 


Protoplasm    -< 


Centrosome 
Nucieus 
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Disregarding  for  the  present,  at  least,  the  occurrence  of   direct  fission  as  a 
means  of  producing  new  elements  observed  among  the  simplest  forms  of  animal  life, 
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Diaf^ram  of  mitosis.  ^,  restinf;  stage,  chromatin  irrcKularly  distributed  in  nuclear  reticulum;  a,  centrosphere 
containing  double  centrosome;  i».  nucieolus.  B^  chromatin  arranjfed  as  close  spirem  ;  c,  f,  cenlrosomcs  surrounded 
by  achromatic  radial  striations.  C,  sta^^e  of  loose  spirem.  achromatic  fif^ire  formin^  amphiaster  (am^).  />,  chro- 
matin broken  into  chromosomes ;  nucieolus  has  d isappeared,  nuclear  membrane  fadin^ ;  amphiaster  consists  of  two 
asters  (a,  a)  surrounding  the  se{>arating  rentrosomes,  connected  bv  the  snindle  (5).  /t.  lon^itudinal  clcavai^e  of  the 
chromosomes  which  are  arranf;ed  around  the  iK)lar  ficld  ( P)  occupie<l  Dy  the  spindle.  /•",  mi^ralion  of  chroniatic 
scgments  towards  new  nuclei.  as  established  hy  centrosome«  (r,  <);  ^/.  equatorial  plate  formed  by  intermingling 
sej^ents.  G.  separating  jfroui>s  of  dau^hter  chromosomes  (d.  d)  unite<l  bv  connectinjj  threads  (r  /).  //.  daughter 
chromosomes  (d,  d\  becommg  arranjfetl  around  dau>;liter  cen»rosomcs  which  havc  already  divided  ;  C,  C.  bc^inning 
cleavajre  of  c>ioplasm  across  plane  of  equatorial  spindle.  /,  completed  daughter  nuclei  (D,  D)\  c>'toplasm  almost 
divided  into  two  ncw  cells,     {Modifigdftom  Ifilson^. 


or  iLs  aii  exceptional  method  among  eflete  and  diseased  cells  of  the  higher  types,  the 
production   of  new  generations  of  cells   may  lx!  assumed  as  accomplished   for  ali 
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varieties  of  elements  by  a  complicated  series  of  changes,  collectively  krtown  as  kar- 
yokin€sis,  or  mitosis,  especially  affecting  the  nucleus.  As  already  pointed  out,  in 
addition  to  presiding  over  the  nutritive  and  chemical  changes,  the  nucleus  is  par- 
ticularly  concerned  in  the  process  of  reproduction  ;  further,  of  the  several  morpho- 
logical  constituents  of  the  nucleus,  the  chromatin  displays  the  most  active  change, 
since  this  substance  is  the  vehicle  by  which  the  characteristics  of  the  parent  celi  are 
transmitted  to  the  new  elements.  So  essential  is  this  substance  for  the  perpetuation 
of  the  characteristics  of  each  specific  kind  of  celi  that  the  entire  complex  mitotic 
cycle  has  for  its  primary  purpose  the  insurance  of  the  equal  division  of  the  chroma- 
tin of  the  molher  celi  between  the  two  new  nuclei,  such  impartial  distribution  of  the 
chromatin  taking  plače  irrespective  of  any,  or  even  very  great,  dissimilarity  in  the 
size  of  the  daughter  cells,  the  smaller  receiving  exactly  one-half  of  the  maternal 
chromatin. 

Mitotic  Division. — The  details  of  karyokinesis,  or  mitosis,  sometimes  also 
spoken  of  as  indirect  division^  include  a  series  of  changes  involving  the  centrosome, 
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Chromatic  fijfures  in  dividini^  cells  from  cpidemiis  of  salamander  embryo.  >  o^.  A.  resliii«:  slajše;  ^.  close 
sptreme:  C  loose  spireme:  D,  cnromosomos  (*'  \vrcaih  "  ),  se«n  frcm  surface;  A\  similar  slajše.  swn  in  profile;  F. 
kMifntt^in^i  cleavagc  ol  chromosomes  ;  G,  bcjfinninjj  mif^ration  of  scKmcnls  lo^^ards  ceiilrosomes  ;  //,  separatitig 
in^ups  of  daughter  segtncnts  ;  /,  daughter  groups  altracled  lo\vards  poles  of  new  nuclei.  cyloplasm  exhibits  begin- 
ning  clcavage. 


the  nucleus,  and  the  cytoplasm,  vvhich  are  conveniently  j^^rouped  into  four  stages  ; 
(i)  the  Prophases,  or  preparatorv  changes;  (2)  the  Mctaphasc,  during  \vhich  the 
chromatin  is  equally  divided  :  (3)  the  Anaphascs,  in  \vhich  redistribution  of  the 
chromatin  is  accomplished  \  ( \)  the  Tehphases,  during  \vhich  the  cytoplasm  under- 
goes  division  and  the  daughter  cells  are  completed. 
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In  anticipation  of  the  consideration  of  the  details  of  mitosis,  it  should  be  pointed 
out  that  the  process  includes  two  distinct,  but  intimately  associated  and  coinci- 
dent  series  of  phenoniena,  the  one  involving  the  chromatin,  the  other  the  centro- 
somes  and  the  linin.  While  as  a  matter  of  convenience  these  two  sets  of  changes  are 
described  separately,  it  must  be  understood  that  they  take  plače  simultaneously  and 
in  coordination.  The  purpose  of  the  changes  affecting  the  chromatin  is  the  accu- 
rate  and  equal  division  of  this  substance  by  the  longitudinal  cleavage  of  the  chroma- 
tin segments  ;  the  object  of  the  activity  of  the  centrosomes  and  the  linin  is  to  supply 
the  requisite  energy  and  to  produce  the  guiding  lines  by  which  the  chromatin 
segments  are  directed  to  the  nevv  nuclei,  each  daughter  celi  bcing  insured  in  this 
manner  one-half  of  the  maternal  chromatin. 

The  Prophases,  or  preparatory  stages,  include  a  series  of  changes  which 
involve  the  nuclear  substances  and  the  centrosomes  and  result  in  the  formation  of  the 
karyokin€tic figure ;  the  latter  consists  of  two  parts,  ( i )  the  deeply  staining  chro- 
matin filaments,  and  (2)  the  achromatic  figure,  which  colors  but  slightly  if  at  ali. 
The  chromatin  loses  its  reticular  arrangement  and,  incrcasing  in  its  staining  afRnities, 
becomes  transformed  into  a  closely  convoluted  thrcad  or  threads,  constituting  the 
**  close  skein  ;"  the  filaments  composing  the  latter  soon  shorten  and  thicken  to  form 
the  *'  loose  skein."  The  skein,  or  spireme,  may  consist  of  a  singlc  continuous  fila- 
ment,  or  it  may  be  formed  of  a  numbcr  of  scparate  threads.  Sooner  or  later  the 
skein  breaks  up  transversely  into  a  nuinber  of  segments  or  chromosomes,  which  ap- 
pear  as  deeply  staining  curvcd  or  straight  rods.  A  verv  important.  as  \vell  as  remark- 
able,  fact  regarding  the  chromosomes  is  their  numcrical  constanc}\  since  it  may  be 
regarded  as  established  that  every  species  of  animal  and  plant  possesses  a  fixed  and 
definite  number  of  chromosomes  \vhich  appear  in  its  cclls  ;  turthcr,  that  in  ali  the 
higher  forms  the  numbcr  is  cvcn,  in  man  being  probably  t\venty-four.  During  these 
changes  affecting  the  chromatin  the  nuclcolus,  or  plasmosome,  disappears,  and,  prob- 
ably,  takes  no  active  part  in  the  karyokinesis  ;  the  nuclear  membrane  likevvise  fades 
a\vay  during  the  prophases,  the  nuclear  segments  no\v  Iving  unenclosed  within  the 
celi,  in  which  the  cyt(>|)lasni  and  the  nuclear  matrix  become  continuous. 

Coincident  vvith  the  forcgoing  changes,  the  centrosome,  \vhich  by  this  time  has 
already  divided  into  t\vo,  is  closelv  associated  \vith  phenoniena  \vhich  include  the  ap- 
pearance  of  a  delicate  radial  striation  \vithin  the  cytoplasm  around  each  centrosome, 
thereby  producing  an  arrangement  \vhich  results  in  the  formation  of  t\vo  starš  or 
asters.  The  centrosomes  early  shovv  a  disposition  to  scparate  tovvards  opposite  poles 
of  the  celi,  this  migration  resulting  in  a  corresponding  niigration  of  the  asters.  In 
consequence  of  these  changes,  the  retreating  centrosomes  become  the  foci  of  t\vo 
systems  of  radial  striation  \vhich  meet  and  togcther  form  an  achromatic  figure  known 
as  the  amphiaster,  vvhich  consists  of  the  t\vo  asters  and  the  intervening  spindle, 
Notwithstanding  the  observations  \vhich  tend  to  question  the  universal  importance 
of  the  centrosome  as  the  initiator  of  dynamic  change  vvithin  the  celi,  as  held  by  Van 
Beneden  and  Boveri,  there  seems  to  be  little  doubt  that  the  centrosome  plays  an 
important  role  in  establishing  foci  touards  vvhich  the  chromosomes  of  the  nevv  nuclei 
become  attracted. 

The  nuclear  spindle,  vvhich  originates  as  part  of,  or  secondarily  from  the 
amphiaster,  often  occupies  the  periphery  of  the  nucleus,  vvhose  limiting  membrane  hy 
this  time  has  probably  disiippeared.  The  delicate  threads  of  linin  composing  the 
nuclear  spindle  lie  vvithin  an  area,  the  polar  field,  around  vvhich  the  chromosomes 
become  grouped.  The  chromosomes,  vvhich  meanvvhile  have  arisen  by  transverse 
division  of  the  chromatin  threads  composing  the  loose  skein,  appear  often  as 
V-shaped  segments,  the  closed  ends  of  the  loops  l>eing  directed  t(^>vvards  the  polar 
field  vvhich  they  encircle.  Ovving  to  this  disposition,  vvhen  scen  from  the  broader 
surface,  the  chromosomes  constitute  a  ring-like  group,  sometimes  described  as  the 
mother  7crcath  ;  the  same  segments,  vvhen  vievved  in  j)rotile,  appear  as  a  radiating 
gn^up  of  fil>rils  knovvn  as  the  mother  star  ;  the  aj^parent  differences,  therefore,  be- 
tvveen  these  hj^urts  depcnd  upon  the*  point  of  vievv  and  not  upon  variations  in  the 
arrangrment  of  tli«.'  fihres. 

The  Metaphase  inchuKs  the  most  important  detail  of  karvokinesis, — namelv, 
X\\ii  longitudinal  eleaiage  iA  the  chromosomes,  vvhereby  the  numbt*r  of  the  latter  is 
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doubled  and  the  chromatin  is  equally  divided.  This  division  is  the  first  step  towards 
the  actual  apportionment  of  the  chromatin  between  the  new  nuclei,  each  of  which 
receives  exactly  one-half  of  the  chromatin,  irrespective  of  even  marked  inequality 
in  the  size  of  the  daughter  cells. 

Meanwhile  the  centrosomes  have  continued  to  separate  towards  the  opposite 
poles  of  the  celi,  \vhere,  surrounded  by  their  attraction  spheres,  each  forms  the 
centre  of  the  astral  striation  that  marks  either  pole  of  the  amphiaster,  the  nuclear 
spindle  being  formed  by  the  junction  of  the  prolonged  and  opposing  striae.  The 
purpose  of  the  achromatic  figure  is  to  guide  the  longitudinally  divided  chromosomes 
towards  the  ne\v  nuclei  during  the  succeeding  changes. 

The  Anaphases  accomplish  the  migration  of  the  chromosomes,  each  pair  of 
sister  segments  contributing  a  unit  to  each  of  the  two  groups  of  chromosomes  that 
are  passing  towards  the  poles  of  the  achromatic  spindle  ;  in  this  manner  each  new 
nucleus  receives  not  only  one-half  of  the  chromatin  of  the  mother  nucleus,  but  also 
the  same  number  of  chromosomes  that  originally  existed  \vithin  the  mother  celi,  the 
numerical  constancy  of  the  particular  species  being  thus  maintained. 

Anticipating  their  passage  tovvards  the  poles  of  the  achromatic  figure,  the  mi- 
grating  chromatic  segments,  attracted  by  the  linin  threads,  for  a  time  form  a  com- 
pact  group  about  the  equator  of  the  spindle  known  as  the  eguaional  plate.  As  the 
receding  segments  pass  towards  their  respective  poles,  the  opposed  ends  of  the  sep- 
arating  chromosomes  are  united  by  inter\'ening  achromatic  threads,  the  conneciing 
Jibres.  Sometimes  the  latter  exhibit  a  linear  series  of  thickenings  known  as  the 
cell-plcUe  or  mid-bodv.  The  migration  of  the  chromosomes  establishes  the  essential 
features  of  the  division  of  the  nucleus,  since  the  subsequent  changes  are  only  repe- 
titions,  in  inverse  order,  of  the  changes  already  noted. 

The  Telophases,  in  addition  to  the  final  stages  in  the  rearrangement  of  the 
chromatic  segments  of  the  new  nuclei,  including  the  appearance  of  the  daughter 
wreath,  the  daughter  skeins,  the  new  nuclear  membrane,  and  the  nucleolus,  witness 
the  participation  of  the  cytoplasm  in  the  formation  of  the  new  cells.  In  these  final 
stages  of  mitosis  the  cell-body  becomes  constricted  and  then  divides  into  two,  the 
plane  of  division  passing  through  the  equator  of  the  nuclear  spindle.  E^ch  of  the 
resulting  masses  of  cytoplasm  invests  a  new  nucleus  and  receives  one-half  of  the 
achromatic  figure  consisting  of  a  half-spindle  and  one  of  the  asters  with  a  centro- 
some.  The  new  celi,  now  possessing  aH  the  constituents  of  the  parent  element, 
iisually  acquires  the  morphological  characteristics  of  its  ancestor  and  passes  into  a 
condition  of  comparative  rest  until  called  upon,  in  its  turn,  to  enter  upon  the  com- 
plicated  cycle  of  mitosis. 

MITOTIC  DIVISION. 

I.  Prophases. 

A.  Changes  within  the  nucleus  :   Chromatic  figure, 

Chromatin  loses  reticular  arrangement, 

Close  skein, 

Loose  skein, 

Disappearance  of  nucleolus, 

Division  of  skein  into  chromosomes, 

Arrangement  around  polar  field — mother  wreath, 

Disappearance  of  nuclear  membrane. 

B.  Changes  within  the  cvtoplasm  :  Achromatic  figure. 

Division  of  centrosome, 

Appearance  of  asters, 

Migration  of  centrosomes, 

Appearance  of  spindle, 

Formation  of  amphiaster, 

Appearance  of  nuclear  spindle  and  polar  field. 

II.  Metaphase. 

Longitudinal  cleavage  of  chromosomes, 
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in.  Anaphases. 

Rearranjiemenl  of  chroiiiosomes  into  lwo  groups, 
Migration  of  groups  towards  poles  of  amphiaster. 
Appearance  of  connecting  tibres  between  receding  groups, 
Construclion  of  daughtcr  nuclei. 

IV.  Telophases. 

Constriction  ol  oel!-body  appears  at  right  angles  to  spindle, 

Chromosomes  rearraiiged  iii  daughter  nuclei  to  iorm  skems, 

Reappearance  of  iiuclc^ar  membrane, 

Reappearance  of  nudcoli, 

Complete  division  of  ce!l-body, 

Daughter  nuclei  assunie  vegetative  condition, 

Achromatic  striaCion  usuaUy  disappears. 

Ceiitrosomes,  single  or  divided,  He  beside  iiew  nuclei, 

AMITOTIC   DIVISION. 

The  occurrence  of  celi  reproduction  without  the  foregoing  compIex  cycle  ol 

karyokinetic  changes  is  known  as  amitotic  or  direct  division.     That  ihis  process  does 

take  piace  as  an  exceptional  method  in  the  reproduction  o(  tlie  siraplest  formsof  ani- 

mal  liie,  or  in  ihe  multiplication  of  cells  within  pathological  growths  or  tissues  of  a 

transient  nature,  as  tlie  foetal  envelopes,  may 

Fig.  lo.  be  regarded  as  established  beyond  dispute. 

The  essential  difference  between  amitolic 
and  the  usual  method  of  division  lies  in  the 
fact  thai,  whiie  in  the  iatter  the  chromatin  of 
the  nuclfus  is  equally  divided  and  the  number 
of  chromosomes  carefully  maintained,  in  direct 
division  ihe  nucieus  remains  passiveand  suffers 
cJeavage  of  its  total  niass,  but  not  o[  its  indi- 
vidual  components.  Since  the  nuclcus  re- 
mains in  the  vegetative  condition,  neither 
the  chromatic  nor  achromatic  figure  is  pro- 
■f~  ,  duced,  the  activity  of  the  centrosome,  when 
exhibited,  being  possibly  direcdy  espendcd  in 
'  effecting  a  division  of  the  cvtopiasm,  and  inci- 

dentally  that  of  the  nucieus.  In  many  cases 
ii^ishal  '^'^  amitotic  division  ol  the  nuclcus  is  not  ac- 
companied  bv  cleavage  of  the  cvtopiasm,  such 
processcs  resulting  in  the  production  of  mullt- 
lorms.  In  general,  it  mav  be  assumed  that  cells  which 
elements  dcstintd  to  sufier  prematurc  degeiieration, 
since  such  cells  subserve  special  purposcs  and  are  not  capable  of  perpetuating  their 
kind  by  normal  reproduction.  Flcmming  has  pointed  out  the  lact  that  those  Icuco- 
cytes  which  arisc  by  amitotic  division.  and  therefore  deviatc  from  the  usual  mode  of 
origin  o(  these  elements,  are  cells  which  are  doomed  to  carly  death;  this  form  of 
cell-di\'ision  among  the  higher  forms  must  be  regarded,  probably,  as  a  secondary 
process. 


nuclear  and  aberrant  nuciea 
undergo  direct  division  j 


EARLY   DEVELOPMENT. 

The  human  body  with  ali  its  coniplex  organism  is  the  product  of  the  dtfierentia- 
tion  and  specialization  of  the  cells  resulting  from  the  union  oi  the  parental  sexual 
elements, — the  ovum  and  the  spermatozoon. 

The  Ovum. — The  maternal  germ-celi  is  fornied  within  the  female  sexual  gland, 
the  ovary,  in  which  organ  it  passes  ihrough  aH  stagcs  of  its  development,  from  the 
immature  differentiation  of  its  early  condition  to  the  partially  completed  matura- 
tion  of  the  egg  as  it  is  liberated  from  the  ovary. 

The  human  ovum,  in  common  with  the  ova  of  other  mammals,  is  of  minute 
size,  being,  as  it  is  discharged  from  the  ovary,  about  .2  millimetre  in  diameter.  Ex- 
amined  microscopical!y  and  after  sectloning,  ihe  huma^  ovum  is  secn  to  be  enclosed 
within  a  distinct  envelope,  the  zona  pellucida,  .014  millimetre  in  thickness,  which 
in  favorable  preparations  exhibits  a  radial  striation,  and  hence  is  also  named  the 
zona  radiata.  This  envelope  at  first  was  confounded  with  the  proper  limiting  mem- 
brane of  the  celi,  and  for  a  tirne  was  erroneously  regarded  as  corresponding  to  the 
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Human  ovum  from  ripeGraafiarfollicIe.    s^  i-m     {NagiL', 

ce]l-wal1.  The  nature  of  the  zona  pellucida  is  now  generallv  conceded  to  be  that  of 
a  protecting  membrane,  produced  through  the  agency  o(  cells  surrounding  the 
ovum. 

The  substance  of  the  ovum,  the  yolk,  or  vitellus.  consists  of  soft,  semifluid  pro- 
toplasm  modified  by  the  presence  of  innumerable  yotk-granules,  the  rep  resen  tati  ves 
of  the  important  stores  of  nutritive  materials  present  in  the  bird's  egg.  Critically 
examined,  the  viteilus  is  resolvable  into  a  reticulum  of  active  protoplasm,  or  obplasm, 
and  the  nutritive  substance,  or  deutoplasm.  At  times  the  yolk  is  limited  externally 
by  a  very  delicate  envelope,  the  vitelline  membrane,  which  usuallv  lies  closely  placed, 
or  adherent,  to  the  protecting  zona  radiata  ;  sometimes,  however.  it  is  separated 
(rom  the  latter  by  a  perivitelline  space.  The  vitelline  membrane  is  probably  absent 
in  the  unfertilized  human  ovum. 

A  lai^e  spherical  nucleus.  thegermina/  vesicle,  approximately  .037  millimetre  in 
diameter,  usually  lies  eccentricallv  vvithin  the  yolk,  surrounded  by  the  distinct  nuciear 
membrane.     Within  the  germinal  vesicle  the   constituents  common   to  nuciei   in 

15 


»   -  ^  -  rrr*  š  -    ^    ■    zl 


■  *  ■      • 


:  >T\-j.. 


.  .   • 


-  -i      ^-  \ 


7<i. 


i-    -  1  _  * 


-i      -t 


■-      ^« 


•  1  "      •  " 

t  ■    . .    .      k- .  ^ 


.  -1. 


•  -... 

■  ■  ■  V 


-    J 

'V.* 


:   ••  .  / 


-  i 


•* .v-..^ 


EARLY   DEVELOPMENT. 


17 


\iith  great  constancy  in  almost  ali  animals,  and,  indeetl,  is  probably  represcnted  in 
the  development  of  vegetal  organisms  as  well — has  been  the  subject  of  much  dis- 
cussion  and  speculation.  The  most  satisfactory  explanation  of  the  signiticance  of 
maturation  has  been  proposed  by  Van  Beneden,  Boveri,  and  others,  based  upon  the 
comparison  of  the  changes  vvhich  take  plače  in  the  development  of  the  germ-cells 
of  the  two  sexes. 

In  order  to  appreciate  the  necessity  and  the  meaning  of  maturation  of  the  ovum, 
it  will  be  of  advantage  to  take  a  brief  survey  of  the  phenomena  attending  the  devel- 
opment of  the  male  sexual  elements.  The  seminiferoiis  tubiiles  of  the  testicle  are 
lined  \vilh  epithelial  cells,   certain  of  which,  known  as  the  primary  sperm atocyi€S, 

Fig.  13. 
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Semi-diagmmmatic  represcntaliori  of  the  formalioii  of  llio  i>olar  ho<Jie«;.  based  upon  observalions  of  invcrtebrate 
a  iAscaris  and  Phvsa).    «,  nucleus;  c,  c,  centrosomes;  j.  uuckar  spindle;  p',  p",  firsl  and  sccond  polar  bodies: 


'.  cgjf-nucieus.     {.A/ter  Kostanecki and  IVierzrjskt.) 


increase  in  size  and  undergo  division,  the  daughtcr  cells  constituting  the  sccondarv 
spermatocvUs.  Each  of  the  latter,  in  turn,  gives  rise  to  a  ne\v  generation,  the  sper- 
maiids,  from  which  the  spermatozoa  are  directly  formed,  the  chromatin  of  the  sper- 
matid  being  stored  \vithin  the  head,  and  the  centrosome  forming  the  end-knob  within 
the  middle-piece.  The  spermatozoon,  thcrefore,  represents  the  third  generation 
and  corresponds  to  the  mature  ovum. 

Turning  to  the  phenomena  of  maturation,  a  parallel  process  is  presented.  since 
the  ovarian  ^^^^  or  primarv  oocvte,  divides  into  tvvo  cells,  the  sccondarv  oocvtes, 
represented  by  the  ovum  and  the  hrst  polar  bodv,  each  of  vvhich  receives  one-half  of 
the  chromatin,  notvvithstanding  that  one  of  the  daughter  cells,  the  first  polar  bodv. 
is  disproportionately  small  ;  the  repetition  of  division  effects  a  second  distribution  of 
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the  chromatin,  so  that  the  mature  agg,  after  the  completion  of  maturation,  represents 
the  third  generation,  and  is,  therefore,  morphologically  ecjutvalent  to  a  sperma tozoon. 
Attention  has  alrcady  bcen  directed  to  the  important  fact  that  the  cells  of  a 
given  species  contain  a  fixed,  definite,  and  even  number  of  chromosomes  (page 
12);  hence,  in  their  primary  condition,  each  germ-cell  contains  the  full  complement 
of  chromatin  sognicMits.  Since,  ho\vever,  tlie  new  being  arises  from  the  elements 
derived  from  the  segmentation  of  a  celi  to  the  nudeiis  of  which  both  parents  con- 
tribute  .in  eqiial  numl>er  of  chromosomes,  it  foHows  that,  unless  some  provision  be 
made  whereby  the  numlx?r  of  chromosomes  in  each  germ-cell  l>e  reduced  to  one- 
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half  the  full  number,  the  elements  of  the  ne\v  iKJng  w()uld  be  provided  vvith  double 
the  number  retiuired  to  satisfv  the  nonnal  complement  for  the  particular  species. 
In  fact,  such  rniuction  of  the  chromosomes  of  the  germ-cells  does  take  plače  during 
the  development  of  these  elements,  in  conse(iuence  of  \vhich  the  ovum  and  the 
spermatozoon  each  contribute  onlv  one-half  the  number  of  chromosomes,  the  nor- 
ma! quota  being  restored  to  the  segmentation  nucleus,  and  subsequently  to  the  cells 
of  the  new  iKMng,  by  the  sum  of  the  contributions  of  both  parents. 

Interpreted  in  the  light  of  these  considerations,  maturation  mav  be  regarded  as 
the  means  by  \vhich  correspondence  lK*tween  the  sexual  cells  is  secured,  and,  further, 
the  polar  l)odies  may  l)e  considered  as  abortive  ova. 

Pertilization  of  the  Ovum. — Impregnation,  or  fertilization  of  the  ovum, 
includes  the  meeting  of  the  male  and  female  elements,  the  penetration  into  the  sub- 
stance of  the  latter  by  the  former,  and  the  changes  immediately  induced  by  the 
presence  of  the  s|)ermatozoon  \vithin  the  ^\is^. 

Coincidentlv  with  the  rupture  of  the  distended  Graafian  foUicle,  the  surface  of 
the  ovarv  is  embraced  by  the  expanded  timbriated  extremity  of  the  oviduct,  along  the 
plications  of  \vhich  the  lil)erated  matured  ovum  is  guided  into  the  tube.  It  is  highlv 
probable  that  not  an  inconsiderable  number  of  the  ova  discharged  from  the  ovary  fail 
to  reach  the  oviduct  and  are  lost  in  the  alniominal  ca  vit  v. 

Fertilization  usuallv  takes  f)lace  in  the  up|)er  third  of  the  oviduct,  shortlv  after 
the  ovum  has  escaped  from  the  (iraafian  follicle,  although  anv  part  of  the  tract  from 
the  ovarv  to  the  uterus  mav  be  the  seat  of  impregnation. 

The  spermalozoa  overcome  tlu;  obstacles  ofTered  uithin  the  narrovv  channels 
l)V  the  mucu*^  an<l  the  of>posed  ciliarv  ciirrmts  of  the  uterine  and  tubal  mucous 
membranes  bv  virtue  of  their  long  at'ti\tly  vibrating  tails,  and  advance  at  a  rate 
estimatcd  at  from  1.5  to  2.^  miilinulrcs  pcr  minute  ;  it  is  theref<ire  probable  that 
the  scminal  ct-lls  accomj)lish  the  j<»nrn(  v  !n>m  th<*  niouth  of  thr  uterus  to  the  ovum 
in  from  eighl  to  len  hours.  S|)erinat(»zoa  retain  their  \italily  and  fertilizing  pow- 
ers  for  man  v  <lavs  uithin  the  nnrmal  fein;»le  genital  tract  ;  repeated  observation  on 
the  human  subject  has  shown  that  this  period    mav  exiend  ihroughout  an  entire 
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menstrual  cycle  of  twenty-eight  days, — a  possibility  to  be  remembered  when  calcu- 
lating  the  probable  termination  of  pregnancy. 

Of  tlie  many  millions  of  spermatic  elements  dcposited  within  the  vagina,  only 


an  insignificant  number  ever  reach  the  vicinity  of  the  ovum.  Notwithstanding 
that  probably  a  number  of  spermatozoa  penetrate  the  zona  pellucida,  normal  fertili- 
zation  in  man  and  the  higher  animals  is  cflected  by  a  single  seminal  element.     Afler 
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tlic  cntrance  ol  tlie  fuvorcd  sitermatnzooii  iiito  tho  substance  of  llie  ovuni,  an  elTec- 
tiiat  t^trricr  to  the  |H'iietrntioii  uf  aililitiunul  scniiniil  cflis  is  presen tt-d  l)y  tlic  tliick 
vkclline  niombr^uif  w  liicli  ininicdJiitcl)-  fomis.  Tlio  point  at  which  tht*  spcrmatnzoon 
is  aimiit  tli  <-iUur  tlii;  o^j;  is  indicatcd  by  a  conical  devatiun,  thu  reccptivc  fininente. 
into  tthich  llic  male  ^crm-tdl  sinks, — the  tali  only  partly  ontfriiijj  tlic  protoplusm 
of  ihtf  L'j;g  and  vcrv  snon  disnppearinp. 

The  positicm  of  the  remains  of  the  spermatozoon  nithln  the  sii)>slancc  of  the 
ovutn  is  indicitcd  I>y  an  ovoid  b(H!y,  the  tnale  pronudeiis.  which  contains  the  cliro- 
matin  and  ccntrosome  of  the  paternal  gertn-ceil.  The  f/rrw(-«wf/c«f  and  the  r^^- 
nuclfUi,  as  the  male  and  feiiiale  pronuclci  are  n<)w  oftcii  dcHignated,  ustutlly  hreak 
up   into   their   respecti\-e  rliniinosomes  without   fiising  into  a  sin^^le  se^nientation 
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ninlcns.      In   tliis  rasi-  lh<-  twci  j^riHips    of  chromosouK-s  intilt-  in  tln-  tirst  mitotii.- 

tij-nrc.  theM-Knu>nuti..n>pimlk-(I-i}:.  1-1.  ..... 

AfUT  the  fnsi<.n  oi  ihi-  protnid.i,  and  i«st  as  setrinintatu.n  is  I«■^^nnnl^;.  the 
fortili/ed  ..vnm  preceniš  a  »Kar  oval  arra  whioh  n.ntain.s  the  tw..  ^ronp^  "<  chn.ni<,- 
sonu-s  .■i.nirihiitr.l  l.v  thi-  ^;.Tin.<'clls  of  l-.th  |>;ireiits  ;  on  opposite  sides  ..i  the  chm- 
niatiii  tisilir.-  are  the  ivnirosphere>.  each  containin^;  a  cenlrosfinie  and  snrnmnded 
l)v  a  m.irki-d  i.ol.ir  >tri,uii.ii  ttilhin  th,-  :,iil.MarnT  of  the  ejjf,'.  Tlv:  tcmr.w<nu-s  no« 
l.rv-,.'nt  uithin  the  ..vinn  are  nsiiallv  l".ll>  d.-rivi-d  dom  ihe  snl.stati,T  of  ihe  een- 
troMim,.  ,.f  ihr  ^piTmaiid,  \\\\w\\  intired  the  <ivum  as  thr  end-knoli  \vithni  the  niid- 
«Ili-pii-.v  ..f  the  fi-riili/ini;  s|H:nnat<i;tooii,  Tlie  r.M.-  iif  the  hitter,  therriore,  is  two- 
folil,      In  loniiibute  the  ehronialin  iuces.-^irv  to  restorc  to  the  iiarent  eell  the  normal 
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cor.ipleinent  of  chromosomes,  and  to  furnish  the  stimulus  required  to  inaugurate  the 
karyokinetic  cycle  of  segmentation. 

Segmentation  of  the  Ovum. — The  union  of  the  male  and  feniale  pronucici 
and  the  resulting  formation  of  the  segmentation  nucleus  is  folloued  immediately 
by  the  division  of  the  ovum  into  two  new  elements  ;  each  of  these  gives  rise  to  two 
additiunal  cells,  which,  in  turn,  produce  following  generations  of  segmentation  cells, 
or  blaslomeret.     This  process  of  repeated  division  of  the  fertihzed  ovum  and  its 

Fig.  17. 


dcscendants  ronstitutes  sfgmeniatton  — t  proccss  common  to  the  development  of 
ali  animnls  and  phnts  ibo\e  the  \er\  simptcst, 

Studv  of  the  detiils  of  sefrmcntitinn  in  the  v^irimis  clasaes  of  animals  show3 
thal  a  d(  se  relation  e\ists  hetMccn  the  iharacter  of  the  cleavage  and  that  of  the 
ovum  with  rcgard  to  the  imoiint  ind  distnbution  nf  the  nutritive  yoIk,  or  deiito- 
plaRm    presen  t 

In  the  human  ind  mnmmihin  ei.C  the  nutritive  volk  particlcs  are  conipara- 
tively  mcaRTc  and  nre  unilormK  distribnttd  throuj;hout  ihe  vitelltin  ;  in  siich  egg;s 
there  is  no  aggrcj^tif  n  t  f  tlie  food  pirticlcs  hence  sucIi  o\'a  are  temied  homokcithal 
or  wilh  a  homogLneous  )olk      In  the  e^ti,3  of  birds,  re])li!es,  and  ftshes,  on  the  con- 
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trary,  the  deutoplasm,  or  nutritive  material,  is  coUected  towards  one  pole  of  the  egg, 
while  the  protoplasm,  or  formative  material,  is  limited  to  the  other  ;  eggs  in  uhich 
these  conditions  obtain  possess  a  distinctly  polar  yolk,  and  hence  are  known  as 
telolecithal  ova.  These  aggregations  of  the  protoplasm  and  the  deutoplasm  con- 
stitute  respectively  the  formative  and  the  nutritive  yolk,  and  correspond  in  position 
to  the  aiiimal  and  the  vegetative  poles  of  the  tgg.  In  an  additional  class  of  eggs, 
the  centroiecithal,  the  yolk  occupies  the  centre  of  the  ovum,  being  covered  by  a 
peripheral  zone  of  formative  material  ;  since  such  ova  belong  alone  to  certain  in- 
sects  and  are  not  found  among  vertebrates,  they  possess  limited  interest  to  students 
of  mammalian  forms. 

Comparison  of  the  behavior  of  these  various  groups  of  ova  during  segmen- 
tation  shows  that  only  eggs  poor  in  deutoplasm,  as  the  alecithal  mammalian  and 
amphibian  ova,  undergo  complcte  cleavage  during  segmentation,  those  of  the  bird, 
reptile,  and  fish  undergoing  cleavage  only  within  the  formative  yolk.  *  Ova,  there- 
fore,  are  classified  according  to  the  completeness  of  their  division  into  those  exhibit- 
ing  complete  segmentation  and  those  undergoing  partial  segmentation  ;  the  former 
are  known  as  holoblastic,  the  latter  as  meroblastic.  The  embryologist  further  recog- 
nizes  an  eguai  and  an  unegual  complete  segmentation  according  to  the  equality  or 
inequality  of  the  cells,  or  blastomeres.  resulting  from  the  division  of  the  ovum. 
Since  the  segmentation  spheres  deri  ved  from  the  mammalian  ^%g  may  be  regarded 
as  practically  of  equal  size,  the  ^%%  of  this  class  of  animals,  including  the  human 
ovum,  is  described  as  an  homolccithal  holohlastic  oz^inn,  undergoing  eguai  segmenta- 
tion.    It  must  be  understood,  however,  that  e\'en  in  the  seenicntation  of  such  ova 


Fig.  19. 


Fig.  18. 


Outer  cells 


Zona  prllurida 


Inncr  cells 


Trophoblasl 


Ect  oblast 

Entoblast 


Diagram  of  early  mammalian  blastodermic  vesicie, 

consistingof  trophoblast  and  inner  cell-mass. 

{A/trr  I  an  B meden.) 


Trof>hoblast 

— Zona  pellucida 

Diagram  of  mammalian  blastodermic  vesicie ;  inner 
cells  diHcrentiating  into  cctoblast  and  entoblast.  (ži/ter 
Van  Beneden.) 


the  blastomeres  very  early  exhibit  inequality  in  size  and  in  rapidity  of  division  (Fig. 
16),  the  effect  of  this  differentiation  being,  that  the  more  rapidly  multiplying  blas- 
tomeres are  smaller  than  the  more  slowly  dividing  elcments.  It  is  of  interest,  in  this 
connection,  to  note  that  the  purcst  type  of  total  equal  segmentation  is  observed  in 
the  ovum  of  the  lowest  vertebrate,  the  amphioxus, — an  animal  whose  development 
has  shed  much  light  on  manv  ohscure  problems  in  the  embryology  of  the  higher 
forms,  including  mammals  and  even  man. 

The  meroblastic  bird* s  e^j^^g,  on  the  contrary,  undcrgoes  cleavage  only  within  a 
limited  circular  field  at  its  animal  pole  ;  it  is  said,  therefore,  to  undergo  partia/  dis- 
r^;V/ti/ segmentation.  In  contrast  to  this,  the  centrolecithal  ova  exhibit  partial  sufier- 
ficial  segmentation,  the  peripheral  zone  of  formative  material  alone  undergoing 
cleavage. 

The  Blastoderm  and  the  Blastodermic  Layers. — The  completion  of 
segmentation  in  holoblastic  ova  results  in  the  production  of  a  mass  of  blastomeres, 
which  is  a  solici  sphere  composed  of  mutually  compres.sed  segmentation  cells ;  to  this 
sphere  the  olcler  anatomists  gave  the  name  of  the  moruia,  or  the  inulberry  mass. 
The  solidity  of  the  inorula  is  temporarv,  since  a  cavitv  is  .soon  developed  within  it. 
This  cavitv,  often  called  the  segmentation  cavitv,  increases  to  such  an  extent  that  a 
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hoiiow  sac  is  formed,  walled  by  a  single  layer  of  cells,  at  one  point  on  the  inner  sur- 
face  of  \vhich  is  attached  a  small  mass  of  cells.  The  outer,  covering  layer  of  cells  is 
known  as  the  trophoblast\  the  small  group  of  cells  attached  to  the  inner  surface  of 
the  trophoblast  is  known  as  the  inner  cell-niass  (Fig.  18).  Examined  from  the  sur- 
face»  this  aggregation  of  inner  cells  appears  as  an  opaque  circular  field,  the  embryonic 
area,  due  to  the  increased  thickness  and  consequent  diminished  transparency  of  the 
wall  of  the  blastodermic  vesicle  at  the  plače  of  attachment  of  the  included  cells.  In 
the  purest  type  of  the  blastodermic  vesicle,  that  seen  in  the  amphioxus  (Fig.  26, 
A)y  the  sac  consists  of  a  single  layer  of  blastomeres  of  almost  uniform  size  ;  the 
mammalian  blastodermic  vesicle,  however,  presents  greater  complexity,  due  to  the 
unequal  rate  at  which  some  of  the  segmentation  cells  divide  and  to  the  rapid  increase 
in  the  si?e  of  the  vesicle. 

The  inner  mass  of  germinal  cells  soon  undergoes  differentiation  (Fig.  19)  into 
two  strata, — an  outer  layer,  closely  applied  to  the  trophoblast,  and  an  inner  layer. 
These  lavers  are  respectively  the  ectoblast  and  the  cntoblast, — two  of  the  three  great 
priniary  blastodermic  layers  from  \vhich  the  embr>'o  is  differcntiated. 

Coincidently  with  the  formation  of  these  germinal  lavers,  the  mammalian  blas- 
todermic vesicle  grosvs  with  great  rapiditv,  increasing  from  a  sphere  of  microscopic 
size  to  a  vesicle  of  one  or  more  millimetres  in  diameter.  In  consequence  of  this 
precocious  grovvth  the  trophoblast  undergoes  great  expansion,  with  the  result 
that  its  cells,  in  some  cases  at  least,  become  temporariiv  rcduced  to  flattened 
plate-like  elements.  For  a  time  these  flattened  trophoblast  cells  may  extend  over 
the  embryonic  ectoblast,  as  in  the  rabbit,  and  have  been  called  the  cells  of  Rauber, 
In  such  cases,  therefore,  the  ectoblast  is  overlaid  within  the  embr>'onic  area  by  the 
cells  of  Rauber,  but  at  the  margin  of  the  area,  the  embrvonic  ectoblast  is  continuous 
with  the  trophoblast  forming  the  outer  layer  of  the  wall  of  the  blastodermic  vesicle. 
With  the  subsequent  expansion  of  the  blastodermic  vesicle,  the  cells  of  Rauber  dis- 
appear  from  the  surface  of  the  embrvonic  ectoblast,  which  then  lies  upon  the  surface 
of  the  vesicle. 


Fic.  21 


Fig.  20. 


Embnonic 
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Embr>-onic 
ectoblast 


Mesoblast 


Diaerara  of  mammaltan  blastodermic  vesicle ; 
th«  etitoblast  form&aii  almost  complete  inner  layer. 


Entoblast 
Trophoblast 


Diagram  of  mammalian  blastodermic  vesicle  ;  the 
mesoblast  is  just  api>earin>;  as  the  third  blastodermic 
laver. 


The  c^rlv  blastodermic  vesicle  at  first  consists  of  onlv  t\vo  primary  layers,  the 
ectoblast  and  the  entoblast  ;  this  stage  of  development  is  appropriately  termed  that 
of  the  bilaminar  blastoderm  (Fig.  20);  a  little  later,  a  third  laver,  the  mesoblast, 
makes  its  appearance  betvveen  the  outer  and  inner  blastodermic  sheets  ;  this  stage  is 
designated  ;ls  that  of  the  trilaminar  blastoderm  (Fig.  21 ). 

The  early  embryo,  shortlv  after  the  formation  of  the  blastodermic  vesicle,  con- 
sists of  three  lavers  of  cells, — the  ectoblast,  the  mesoblast,  and  the  entoblast.  The 
histological  characters  of  the  outer  and  inner  of  these  pri  mar}'  layers  dififer,  almost 
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from  the  first,  from  those  of  the  mcsoblast,  their  component  clements  beinjj  more 
compact  in  arrangement  and  early  manifesting  a  tendency  to  acquire  the  character- 
istics  of  covering  cells  or  epitheliuiti. 

The  mesol)lastic  elements,  on  the  contrary,  soon  assume  irregular  fornis  and 
are  loosely  hcld  together  by  intercellular  substance,  thus  early  foreshadowing  the 
special  fcatures  \vhich  distinguish  the  subsequently  differentiated  connective  tissues. 
This  early  distinction  becomes  more  marked  as  diflferentiation  proceeds,  the  epithehal 
tissues  possessing  elements  of  comparatively  regular  form,  separateci  by  minute 
amounts  of  intercellular  substance  ;  the  latter  in  the  connective  tissues,  on  the  con- 
trary,  becomes  conspicuous  on  account  of  its  excessive  quantity  and  the  resulting 
profound  modifications  in  the  physical  character  of  the  tissue;  the  celiš  of  the  con- 
nective tissues  rapidly  assume  the  irregularlv  stellate  or  triangular  form  so  charac- 
teristic  in  young  tissues  of  this  class.  Since  the  three  primary  layers  give  rise  to  ali 
the  tissues  of  the  organism,  a  brief  svnopsis  presenting  these  genetic  relations  here 
finds  an  appropriate  plače. 

DERIVATIVES  OF  THE  BLASTODERMIC  LAVERS. 

From  the  cctodcrm  are  deri  ved — 

The  epithelium  of  the  outer  surface  of  the  bodv,  including  that  of  the  conjunc- 
tiva  and  anterior  surface  of  the  cornea,  the  external  auditory  canal,  to- 
gether \vith  the  epithelial  appendages  of  the  skin,  as  hair,  nails,  sebaceous 
and  sweat-glands  (including  the  involuntary  muscle  of  the  latter). 

The  epithelium  of  the  nasal  tract,  with  its  glands,  as  well  as  of  the  cavities 
communicating  there\vith. 

The  epithelium  of  the  mouth  and  of  the  salivarv  and  other  glands  opening  into 
the  oral  cavitv. 

The  enamel  of  the  teeth. 

The  tissues  of  the  nervous  system. 

The  retina  ;  the  crystalline  Uns,  and  perhaps  part  of  the  vitreous  humor. 

The  epithelium  of  the  membranous  labyrinth. 

The  epithelium  of  the  pituitarv  and  pineal  bodies. 

From  the  mcsodcrm  are  derived — 

The  connective  tissues,  including  areolar  tissue,  tendon,  cartilage,  bone,  den- 

tine  of  the  teeth. 
The  muscular  tissues,  except  that  of  the  s\veat -glands  and  dilator  pupillae. 
The  tissues  of  the  vascular  and  Ivmphatic  .svstems,  including  their  endothelium 

and  circulating  cells. 
The  sexual  glands  and  their  excretory  passages,  as  far  as  the  termination  of  the 

ejaculatory  ducts  and  vagina. 
The  kidnev  and  ureter. 

From  the  cntodcrm  are  derived — 

The  epithelium  of  the  digestive  tract,  with  that  of  ali  glandular  appendages 

except  those  portions  derived  from  ectodermic  origin  at  the  beginning 

(oral  cavitv)  and  termination  of  the  tulK'. 
The  epithelium  of  the  respiratorv  tract. 
The  epithelium  of  the  urinarv  bladder  and  urethra. 
The  epithelium  of  the  thvroid  and  thvmus  bodies,  the  moditied  primarv  epithe- 

linm  of  the  lattur  giving  rise-  to  HassalKs  corpuscKs. 

The  Primitive  Streak  and  the  Gastrula. — Examined  from  the  surface 
during  the  formation  of  the  primarv  lavers,  the  mainmalian  blastodermic  vesicle,  as 
represented  by  that  of  the  ral)l>it,  presents  a  ( irrular  light-colored  field,  the  cjnhrronic 
arra,  uhich  rorn'Sf)onds  to  the  expansion  of  the  original  embryonic  spot,  the  latter 
becoining  larger  \vith  tht-  extension  of  tlu-  ectohlast  and  the  entohlast  difierentiated 
from  tlir  inner  ct-ll  niass.  M  tirst  cirrular.  the  einhrvonii'  ana  lati-r  he('onu*s  oval 
or  pvriform  in  outline  i  Figs.  22,  23).  the  larger  iim\  conesponding  vvith  the  cephalic 
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pole  cf  ihe  future  embrj-o.  In  consequetice  o(  the  proliferation  of  ihe  ectoblastic 
ct-lls.  the  embryonic  area  becomes  difierentiated  into  a  central  field,  the  embryonic 
shuld.  and  a  peripheral  zone,  the  area  pellucida,  ivhich  by  transmitted  light  appear 
respectively  dark  and  lighl.  owing  to  the  varyin}i  transparency  of  the  thicker  cen- 
tral and  thinner  peripheral  portions  of  the  germiiial  field. 


Fig.  «. 


Frc.  33. 


Coincidently  with  the 
border  of  the  embryonic  ar« 
from  the  latter  proceeds  the  form; 


known  as  the  firimilive  slreak  (Fij;.  24). 
ing  »hich  estcnds  fonvard  well  tovvards  the 
centre  of  the  embryonic  area.  The  pro- 
liferation of  the  outer  blastodermic  layer 
along  ihe  priitiitive  streak  is  accompanied 
by  the  appearance  of  a  narrow  longitiidinal 
furrow,  ihe primilhč  g roove.  throughoiit  its 
extent  wilh  the  esception  of  its  anterior  end, 
at  which  point  the  primitive  streak  lernii- 
nates  In  a  thickened  e.ttreniitv,  the  node  o/ 
Hensen.  Ahhough  indicating  the  direction 
of  the  axis  of  iheTuture  enibrvo,  the  primi- 
tive streak  takes  no  part  in  the  formation 
of  the  new  organism,  beinj;  enlirely  tran- 
sient  in  its  carccr.  Trans vei  se  section  of  the 
anterior  end  of  the  primitive  streak  (Fig. 
25)  shows  that  in  that  plače  aH  three  of  the 
blastodermic  layers — ectoblast,  mesoblast, 
and  entoblast — are  completeiv  fused,  the 
mesoblast  in  this  sttuation — and  h. 


ssumption  of  the  oval  or  pyriform  outline,  the  caudal 

exhibits  a  luniform  thickening,  the  embryouic  crescent ; 

of  a  conspicuous,  although  transicnt,  structure. 


The  latter  appears  as  a  lineal  thicken- 


-forming  a 


sheet  interposed 


betn-een,  as  well  as  blended  with,  the  ectoblast  and  entoblast. 

The  Significance  of  the  Primitive  Streak  and  the  mode  of  formation  of 
the  mesoblast  are  ve-\ed  problems  in  embryology.  A  brief  note  on  this  topic  ttiil 
snffice  here.  In  amphioxiis,  ihe  |owest  vertebrate.  the  immediate  result  of  segmen- 
tation  is  a  hollow  sphere,  the  Nasitila,  filled  with  fliiid,  lined  l)y  a  single  layer  of  cells, 
Invagination  at  one  point  of  the  »aH  of  the  blastula  occurs,  forniing  eventiiallv  a 
two-iayere(l  ciip,  the  gastrula.  the  outer  lavcr  of  which  is  the  ectoblast.  and  the 
inner  one  the  entoblast.  The  cavitv  \viihin  tho  entoblast  is  the  arehenkron  or  primi- 
tive giit,  The  opening  into  tlie  archentcron  is  the  hlastoporc.  Cells  given  of!  from 
the  entoblast,  near  the  blastopore.  form  a  third  hiver,  the  mesohkist.  Typical  gas- 
trulation  doos  not  occirr  in  the  highcr  mamnials.  although  in  the  earlv  liiiman 
cmbrvo  a  canal  appears.  knn«n  as  \\\k  iiciiriitlrrir  caiial.  the  opening  of  \\hich  is 
nften  regarded  as  homologons  uitli  ilu'  lilasiopore,  The  priiiiiti\e  streak  is  regarded 
hv  some  .iiithorities,  nolablv  Hertvvig,  as  an  elnngated  blasiopore  ivilh  lips  hised. 
The  mesoblast  is  commonlv  thoiight  to  arise  from  ihc  entoblast,  although  the  ecto- 
blast, in  the  region  of  the  primitive  streak,  seems  to  have  a  share  in  Ihe  production 
of  the  middle  gerni-layer. 
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THE    FUNDAMENTAL   EMBRVOLOGICAL   PROCESSES. 

ShortIy  afttr  thc  appearance  of  the  primitiie  stri.-ak — a  structure,  it  »ill  be 
remembertd,  uhicli  is  <)nly  transient  and  takes  no  |>art  in  the  formatlon  of  the 
embrvo  proper — a  serits  of  phenomena  mark  the  earliest  stages  of  the  future  new 
beinp.  These  chanues  are  known  as  the  /iindamenlal  embrvological  processes.  and 
resiilt  in  the  formation  of  the  neural  canal,  the  notochord,  and  the  somites.  While 
described  for  convenience  as  scparale  processes,  they  progress  to  a  great  extent 
simultaneously. 

KiG.  25. 


The  Neural  Canal. — The  earliest  indication  of  the  embryy  consists  in  the 
appearance  of  two  slifi;hlly  diverginj;  folds  (Fig.  17),  enclosing  the  anterior  end  of 
the  primitive  streak.  \vhich  are  produced  by  a  local  proliferation  and  thickcning 
of  the  ectoblast.  These  are  the  meduUary  folds  and  mark  ihe  begiiinlng  of  the 
formation  of  the  neural  canal.  from  which  the  preat  cerebro-spinal  nervous  axis, 
together  with  its  outnrowths,  the  peripheral  ner\es,  Is  deri\ed.  The  medullary  (olds 
at  first  border  a  shallow  and  widely  open  furrow  (Fig.  28),  the  mcdullarv  groove  ; 


b.  bUŠlupore,  lisdins 


the  latter  l>ecnmes  rapidly  deeper  and  narrovver  as  the  niedullary  folds  i 
in  height  and  p:radually  approach  each  other.  The  appro.\imation  of  the  folds 
(Fig.  29J  and  sul>sequeni  fusion  take  plače  earliest  at  some  distance  behind  the 
cephalic  end  of  the  grncive,  at  a  point  which  later  corresponds  to  the  iipper  cervical 
region  of  the  spinal  cord. 

After  the  rl<)tiiire  of  the  groove  and  its  cimversinn  inlo  ihe  niedijllary  canal 
(Fijj.  .121,  Ihe  ihiekened  and  invaginated  ectoblast  forming  the  lining  of  the  neural 
tulx;  lx'conies  se{>arated  from  the  outer  layer  of  the  embryo  by  the  ingrowth  of  the 
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mesoblast.  The  5ubsequent  differentiation  of  ihe  walls  of  the  neural  tube  will  be 
more  iully  considered  in  connection  with  the  ner\ous  system  ;  suffice  it  hcre  to 
State  that  the  cephalic  portion  cxpands  into  the  brain  vesicles,  and  subsequently 
beromes  the  brain  with  the  contained 
ventricles,  while  the  remaindcr  of 
the  tube  becotiies  the  spinal  cord, 
endosing  the  minute  central  canal. 

The  Notochord. — Coinci- 
dently  \vith  the  formation  of  the  nied- 
ullarv  groove  the  entoblast  opposite 
the  bottom  of  that  furrow  exhibits 
proUteration  and  thickening ;  the 
group  of  cells  thus  differentiated  be- 
comes  scparated  froin  the  general 
mass  of  the  inner  layer  and  lakes 
up  a  position  itnmediate)y  below  the 
neural  tube  (Figs.  30,  31).  This 
Uolatcd  column  of  entoblastic  cells 
constitute  the  nolodtord,  or  c horda 
dorsalis,  the  earliest  siiggestion  of  ^ 
the  Cardinal  vertebrate  a.\is  around 
which  the  parts  of  the  early  cmbr^o 
are  symmetrically  arranged.  While  for 
of  the  embryo,  extending  from  a  p< 


'MrdulInTv  (jTonve 


constituting  the  šole  longitudinal  a 
cephalic  pole,  which  corresponds  ' 


to  the  base  of  the  skull,  to  the  caudal  extremity,  the  notochord  is  but  a  temporary 
structure,    and   5ubs^uuently   is   supplanted    by   the  true  vertebral    column.      It  is 
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'vxus'^..T.z    !  »    r-r.Tr^     thi:    :n    :>.■;   C  c^^nir^    lizi    Sci^ctn    thc    vi-rtcbratcs    and 
:r>*. '.-rtT-jr-i:-.-*.  :r.-_-  .irri^r.:-.  x*^,  ii-r;  r.-.'CC«ri>;<i  rnuJiKa  as  th«;  fM.-nnanent  and  solc 

n-- -h;-:  r.-  .:  :'-.r:  r.- ■:.-:!-.,  ri  :n  — -ir.  ^ni  r^.i-nfriiils  presents  thrue  stages  :  (u; 
it  eni-;-  .iT  k-.  j.-.-ri/Rcr.  c.r-i  ahi:h  citcais  iiiiinterruptt^v  through  ihe  siiries 
tA  anilaK;r.',ui  '.cnchra- :  t  th«  r."'t'-;h':ni  šuš«^  j^^fm^nLation  in  such  manner 
thal  [hft  brtak*  :~  :t=  cnrir.uhv  o>rrespor;<i  lo  tbe  vtrtebral  bodi^,  conspicuous 
pffl^^ratkjit  and    local    increai«  ia   i:*  subsEaco;.    oo    th«  contrar>-.    marking    thc 


K  IG,  >x 


p<p.iti"n  of  the  mtcrventSjral  disk-  in  »hich  thc  chonUl  tLisue  during  the  first 
momh:.  ailtr  birth  is  reprcsenu-ti  !■>-  a  i^nsider.ible  ni.iss  ol  central  sponp- 
subsunri:  :  'c)  atr"|>tiv  i-f  thc  rcniaics  of  thc  n.>i.Kh^>ri.i.  rcsulling  in  the  entire 
disiipi/f-iinmce  uf  thc  di.  rdiil  tis,-ue  within  the  venehr.i-  and  ihe  riiiuction  of  the 
itrohlVrattd    intt-niTtcIiral    ocU-niass    t<>    the   ]'Hh>y    snl*stanci-   cxi>tin,i:   uithJn    the 


intcrvertcbral  lii-k-. 

The  c(i>halic  end  ff  ihe  n 
sella;.  and  marks  thc  divi^ior 


[iHrhord  in  man  iMrrespi'>nds  in  posilion  to  the  dorsum 
vi  thc  skuil  intit  two  ivirts,  ihat  Iving  in   front  of 


Itant.irrM; 

thi'  |i  rtjiin.ilinn  ol  ihc  notnchord,  thi'  prrrkorda!  por/ion.  and  that  containin^'   the 

MulMi  ln.rii.  thc  choiiUi!  porlion  :  thc  laltcr  is  s<.nictinu-s  (k-scribcd  as  thc  vertebral 
S"KIM.'ii1   .,f   thr   >kllll. 

The  Corlom.    -Thc  .l..unu;Li.I  };rMwth  ..i  ihc  ncnral  t■.•l^I.ln^t  and  tlic  n]m:ird 

cxl.-n-.i t    ih'-   ih..nlal   .•nf.t.la^t   cfTc<-t   a   (livi>i.in   ..[   thc  nusnl.lasl   al.mj,'    ihc 

nljrv.Mii.-  :i\i-.  iiH'>  ni"  >!ii->ls  M'"ii:,  2S  i.  Thcsc  latnr  inidcri;..  fiinhi-r  tlivi^icm 
-on*-.pu-nM-  ..f  ihi-  f..rni;Hi..n  ..f  a  rl.-ft  «ithin  thcir  snUlancc,  as  thc  rcsiilt  of 
;h  th<-  nii-Ml.I.is|  bi-.omi-s  s|ilit  inti)  two  lavcrs  cnckising  a  spacc,  thc  nr/om,  or 
narv  /iiu(vi'i:ily  (Fig.  2i)). 
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The  cleavage  of  ihe  mesoblast,  however,  does  not  extend  as  far  as  the  mid-lini.- 
of  the  einbryo.  but  ceases  at  some  dislaiice  on  either  hand,  thus  k-aving  a  tract  of 
uncleft  mesoblast  on  either  side  of  the  medullary  groove  and  the  chorda.  The 
uncleft  area  constilutes  the  />araxia/  mesoblast  (Fig.  32),  which  eMends  from  the 
head  towards  the  caudal  pole  and  appears  upon  the  dorsal  surface  of  the  embryo  as 
two  distinct  ribbon-like  tracts  bordering  the  neural  canal.  Beyond  the  paraxial 
mesoblast,  the  cleft  porlions  of  the  middle  Iayer  extend  on  either  side  as  the  lakral 
piaUs ;  each  lateral  plate  consists  of  two  laminje,  the  one  forming  the  dorsal  and  the 


Fig.  li. 


FlC.  35- 


Gllnn  davs.  sh< 
X  110.     {kallma. 

other  the  ventral  boundary  of  the  enclosed  primarv  body-ca\ity  ;  in  view  of  their 
sobsequent  reJations  to  the  formation  of  the  body-walls  and  the  digestive  tube 
respectively,  the  dorsal  mesoblastlc  lamina  is  appropriately  named  the  parielal  layer 
and  the  venlral  lamina  the  visceral  lavcr  (Fig.  32).  In  the  separation  of  these 
layers,  \vhich  soon  takc^s  plače  in  consequence  of  the  dorsal  and  ventral  folding 
Dccurring  during  the  formation  of  the  amnion  and  the  gut-tiibc,  the  parietal  niesoderm 
adheres  to  the  ectoblast,  in  conjunclion  «ith  \vhich 
it  constituies  the  somalopleura  ( Fi^.  29 ).  the 
ecto-mesoblastic  sheet  of  great  importance  in  ihc 
production  of  the  lateral  and  ventral  body-tt-alts. 
Similarly,  the  visceral  mesoblast  unites  with  the 
entoblast  to  form  the  splancknoplfura.  (Fig.  29), 
the  ento-mesoblaslic  layer  from  vvhich  the  \valls  of 
the  primary  digestive  canal  are  lormed. 

The  Somites. — The  paraxial  mesoblast  at  an 
ear!y  stage — about  the  twentieth  dav  in  man — exhibits 
indicattons  of  transverse  division,  in  consetjuence 
of  which  this  band-like  area  becomes  ditTerentiated 
into  a  serics  of  snialt  quadri!ateral  masses,  the 
somites.    or  profovertebm.     This    segmentation  of 

the    embryonic    niass     appears     earliest    at    some    Ui^^^T^T^^^^^^Z^^-  T^l 
distance  behmd  the  cephalic  end  01  the  cmbryo,    (A'o««flitii,i 
at  a  point  vvhich  later  corrcsponds  to  the  beginning 

of  the   cerviotl    region.     The  somites  are  secn   to   best  advantage  in  the  human 
embrvo  at  abont  the  twenty-cighth  day  (Fig.  71). 

The  early  somites,  011  transverse  section,  appear  as  irregular  qnadrilatcral  bodies, 
composed  of  mesoblast  and  covered  externally  by  ectoblast,  Uing  on  either  side  of 
the  neural  canal  and  the  notochord  (Fig.  33).  Each  somite  consists  i)f  a  dorsomesial 
principa!  cell-mass.  which  is  connected  with  the  lateral  plate  by  nieans  of  an 
intervening  celi -aggregat ion,   the  inlermediale  ccli-mass  (Fig.  33).      Subsequently, 
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the  lattcT  becomes  separated  froni  the  remaining  portion  of  the  somite  and  is  probably 
identiticii  with  the  forination  of  the  segmented  excretory  apparatus  of  the  embryo, 
the  VVolftian  body,  and  hence  is  knoun  as  the  nephrotomc. 

The  Principal  mass,  inchiding  the  greater  part  of  the  somite  proper,  consists  of 
an  outer  or  peripheral  zone  of  condensed  niesoblast  enclosing  a  core  of  looser  struc- 
ture.  The  less  dense  mesobhistic  tissue  later  breaks  through  the  surrounding  zone 
on  the  side  directed  towards  the  notochord  and  forms  a  fan-shaped  mass  of  embryonic 
connective  tissue  which  envelops  the  chorda  and  grows  aroiind  the  neiiral  canal. 
The  cell-niass  deri  ved  froni  the  core  of  the  myotonie  constitutes  the  sclerotontt\  and 
directly  contribiites  the  tissue  from  which  the  pernianent  vertebra*  and  the  associated 
ligamentous  and  cartilaginous  structures  arise.  The  remaining  denser  part,  the 
mvotome,  which  collectively  forms  a  compressed  C-like  mass,  becomes  differentiated 
into  a  lateral  and  a  mesial  stratum  (Fig.  35).  The  hiteral  stratum,  sometimes  called 
the  cuiis-platc,  consists  of  several  hiyers  of  closely  packed  elements.  By  some  these 
cells  are  regarded  as  concerned  in  producing  the  connective  tissue  portion  of  the 
skin  ;  according  to  others  they  are  in  kirge  part  con\erted  into  vivobiasis,  which,  with 
those  of  the  mesial  stratum,  or  musclc-plate,  give  rise  to  the  voluntary  muscles  of  the 
trunk.     The  genetic  relations  of  the  somite,  therefore,  mav  be  expressed  as  follows  : 

I    My()l()nie — muscie  sej^vtent. 
^M*T"E -    SckTott )nu: — a.iiii/  Si^fNctif. 

(.  Nephrotonie — e.vcrtiorv  glaud  scf^ment, 

The  number  of  somites  of  the  human  embryo  is  about  thirtv-seven,  comprising  eight 
cirvicaly  tvvelve  thoracic,  five  i  um  bar,  li\'e  sacrai,  and  from  five  to  se\'en  ca  uda/ 
segments. 

THK    F'(1:TAL    MKMHRANKS. 

The  Amnion. — \Vith  the  exrq)tion  of  tishes  and  amphibians. — animals  whose 
(ievelopment  takes  plače  in  \vater, — the  young  vertebrate  embrvo  is  eariv  enveloped 
in  a  protecting  membrane,  the  amnion.  Animals  possessing  this  structure,  including 
reptiles.  birds,  and  manmials,  are  classed,  therefore,  as  anmiota,  in  contrast  to  the 
anamuia,  in  \vhich  no  such  envelope  is formed.     An  additional  ftital  appendage,  the 

allantois^  is  ahvavs  developed 
^**'-36.  as  a  structure   complemental 

^IliJiiiSi^''*    ^Kmbnoiiir  crtobiast  to  tlic  amuiou  I  heuce  the  am- 

•Mtsobiav^t  niota  possess  both  amnion  and 

Mniobiast  allantois. 

Since  the  development  of 

the  fcLtal  membranc*s  in  man 

presents     certain     deviations 

from   the  process  as  seen   in 

other  mammals,  due  to  pecu- 

liarities    affecting     the     early 

human  embrvo,  it  is  desirable 

^    .,     ,»,   »  J  ,  .         to  examine  brieflv  the  forma- 

i:iit..Mast  vcsicic      tiou  of  thcse  Structures  as  ob- 

>oi>bobiast  servcd  in  animals  less  highly 

specialized. 
^_^^^^  Referring    to    the    earlv 

I>iaKram  of  manimaliaiLblaslCHlerniic  vcsicic.  mammaliau   CmbrvO,   in  which 

the  blastodermic  layers  are 
arranged  as  somatopleura  and  sj^lanchnopleura  on  either  sidt-  of  the  embrvonic  axis 
and  the  surrounding  uncleft  mesoderm,  and  extcnd  as  i)arallel  sheets  over  the  en- 
largini^  blastodermic  vesicle,  the  first  trace  nf  tlu-  amnion  apjR^ars  as  a  duplicature 
of  the  somatopleura.  Thr  earlit*st  indiration  of  the  proctss  is  seen  slightlv  in  front 
of  the  ccf)halic  ciid  of  the  rmbrvo.  the  resulting  hraii-fold  bcing.  ho\vever,  soon  fol- 
l<nvc<l  i»y  the  appearance  <>f  tlu-  Intcnil  and  tail-folds.      The  rapid  grouth  of  these 
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Splanchiiopleura 


duplicatures  of  somatopleura  from  ali  sides  results  in  the  encircling  of  the  embryo 
within  a  \vall  which  increases  in  height  until  the  prominent  etlj^cs  of  the  fokis  nieet 
and  coalesce  over  the  dorsal  aspect  of  the  enclosed  embryo.  The  folds  of  the 
amnion  first  meet  over  the  head-end,  from  which  point  the  union  extends  taihvard, 
where,  however,  fusion  may  be  delayed  for  some  time.  The  line  along  which  the 
junction  of  the  folds  takes  plače  is  known  as  the  amniotic  suture. 

The  amnion  thus  forms 
a  closed  sac  completely  in-  .  P><^'-  37- 

vesting  the  embryo  and  con- 
tiining  a  fluid,  the  lignor 
amnii :  at  first  closely  sur- 
rounding  the  embryo,  the 
amniotic  sac  rapidly  expands 
until  its  dimensions  allo\v  the 
enclosed  fcetus  to  turn  freely, 
practicallv  supported  by  the 
amniotic  fluid,  which  pos- 
sesses  a  specific  gTavity  of 
1C03.  It  has  long  been 
known  that  in  certain  forms, 
conspicuously  in  the  chick, 
the  amnion  executes  rhvthmi- 
cal  contractions,  at  the  rate 
of  ten  F>er  minute,  whereby 
the  embrvo  is  s\vaycd  from 
end  to  end  of  the  siic.  From 
the  manner  of  its  formation, 
as  folds  of  the  somatopleura 
{  Fij^s.  37  and  38),  it  is  evident  that  the  amnion  consists  of  an  inner  ectoblastic  and 
an  outer  mesoblastic  layer. 

The  Serosa,  or  False  Amnion. — Coincident  vvith  the  fusion  of  the  inner 
layers  of  the  somatopleuric  folds  to  form  the  closed  siic  of  the  amnion,  the  outer 

lavers  of  the  same  folds  unite  to 
Fk;.  38. 

Serosa 

Aninion 


Trophublast 


Vitellinc  sac 


Dntoblast 


Diagram  sho\ving  formation  of  amniotic  folds  and  of  gui-tube;  trans- 

verse  sorti(»n  of  axis  of  embr>-o. 


motu-  sac 

3ut-tube 


F.xoctrlom 


Splanchno- 
)ltrura 


produce  a  second  external  en- 
velope,  the  scrosa,  or  faise  am- 
uioJi.  The  serosa  soon  becomes 
scparated  from  the  amnion  by 
an  intervening  space  to  form  the 
primitive  chonon ;  the  latter, 
therefore,  consists  of  ectoblastex- 
ternallyand  mesoblast  internally, 
the  reverse  of  the  disposition  of 
these  lavers  in  the  amnion. 

The  outer  surface  of  the 
mammalian  primitive  chorion — 
the  outer  envelope  formed  of 
the  serosa  and  the  trophoblast 
— is  distin^uished  by  prolifera- 
tion  of  the  epithelial  elements, 
\vhirh  process  results  in  the 
production  of  more  or  less  con- 
spicuous  projections  or  v?7/i 
{V\jr,  40"),  this  villous  condition 
iK-inij  particularly  vvell  marked 
in  man. 

The  ectoblast  of  the  primitive  (horion  takes  nf>  part  in  the  formation  of 
ihe  biKJv  of  the  embrvo,  hut.  on  the  other  hand.  assum(s  an  imi>ortant  nMe  in 
establishinj^  the  rarlii-st  connection  betNveen  thi^  embrvo  and  the  maternal  tissues 
and,    later,    participates  in   thtr  formation   of   the   placent.i.     The  ectoblast   of    the 
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Diagram  showing  formation  of  amniotic  folds  and  vitelline  sac ; 
longitiidinal  section  of  embrvo. 
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primitivc  chorion  is  the  dircct  dcrivalive  of  ihc  orij^lnal  ectodcrmal  lavcr  of  thc- 
blastod<;;rniic  vcsiclc  bey()nd  ihe  embry(jnic  rt^non  propcr,  a  laycr  \vhich,  on 
account  of  ihis  imporlant  nutriiivc  function,  has  bccn  called  by  Hubreclit  thc 
irophoblast. 

As  already  notud  (,Kij^.  32),  the  cleft  butvveen  the  pariclal  and  vi^ceral  lay(rs 
of  the  mesobhLSt  is  the  priinary  body-cavity  or  cctloni  ;  \vith  the  separation  of  these 
layers  follovving  the  dorsiil  aiid  the  ventral  foldinj^  associatcd  respectively  with  the 
formation  of  the  amniotic  sac  and  the  jjut-tube,  the  intramesobiastic  space  beconics 
greatlv  expanded  and  cxtends  betvveen  the  amnion  and  primitive  chorion.  This 
larjT^e  space  is  appropriated  only  to  a  Hmited  extent  by  the  future  definite  lK)dy- 
cavity,  and  hcnce  is  divisible  into  an  embryonic  and  an  extra-embryonic  portion,  or 
e.voarlom  (Fig.  38),  \vhich  are  temporarilv  continuous. 

The  Vitellinc  Sac. — While  the  soniatopleura  is  en^aged  in  producing  the 
protecting  amniotic  sac,  the  splanchnopleura,  composcd  of  the  entoblast  and  the 
adherent  visceral  laver  of  niesoblast,  becomes  approximate(i  along  the  ventral  siir- 
face  of  the  embryo  to  define  the  primitive  gut-tube  by  enclosing  a  part  of  the 
blastodermic  vesicle  ;  the  remaining,  and  far  larger,  portion  of  the  hitter  cavity 
constitutes  the  vitellinc  sac,  and  corres|)onds  to  the  yolk-sac  of  the  lo\ver  forms. 

The  constriction  and  separation  of  the  gut-tube  from  the  viteHine  sac  is  accom- 

plished      earhest     at     the 
Fici-  .^9.  cephalic  and  caudal  ends 

Primiiive  chorion         ^f    thc    hiturc    aHmentar^• 

c;inal,  the  intervening  por- 
tion remaining  for  a  tirne 
in  \videly  open  communi- 
cation  \vith  the  volk-sac. 
During  the  rapid  diminu- 
tion  of  the  hitter  the  com- 
niunication  becomes  re- 
duced  to  a  narrovv  channel, 
the  vitellinc  duct,  \vhich 
persists  as  a  slender  stalk 
terminatingat  its  distal  end 
in  the  remains  of  the  v<>lk- 
sac. 

In  animals  other  than 
mammals  in  \vhich  a  phi- 
cifnta  is  cieveloped,  the 
yolk-sac  is  the  chief  nutri- 
tive  organ  of  the  embryo  ; 
the  mesobhistic  tissue  of 
the  v(»sicle  becomes  vascu- 
hirized  by  tlie  deveh)pment 
of  the  bh)od-vessels  consti- 
tuting  tlie  vitelline  circuhition,  of  \vhich  the  vitellinc  or  omphalomcsentcric  arteries 
and  veins  form  the  main  trunks.  The  contents  of  the  yolk-s;ic  as  such  do  not 
directiv  minister  to  the  nutrition  <>f  the  embrvo,  but  oni  v  as  materials  absorlx'd  bv 
the  vitelline  blood-vessels.  In  man  and  other  high  mammals  the  nutritive  function  of 
the  yolk  is  at  best  insignificant,  the  vitelline  sac  of  these  animals  representing  the 
more  important  organ  of  their  hnmbler  ancestors.  In  the  lovvest  members  of  thc 
mammalian  grouj),  the  monotremata,  in  \vhich  the  large  ova  are  comparatively  rich 
in  deuto|)lasm,  thr  vitelline  circulation  is  of  great  importance  for  n»spiration  and  nu- 
trition, sinrc*  it  <'onstitutes  the  means  for  the  performance  of  these  functions  until  the 
immature  animals  are  transferred  to  the  marsupial  pouch  to  complete  their  develop- 
ment.  In  the  kangaroo  an<l  opossnm  the  yolk-sac  at  one  point  forms  a  disk-like 
org.ui,  \vhi(*h.  from  th<*  faet  that  it  becomes  provided  \vith  vascular  villi  that  lie  in 
contart  \vith  the  utrrinc  mucous  membr.me,  is  termed  the  vitellinc  placcnta. 

Thc  Allantois  and  the  Chorion. — Coineidentlv  \vith  the  formation  of  the 
amnion,  another  fcetal  a{)pendag(»,   the  allantois,   mak(»s  its  appearanc^^  as  an  out- 
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Diagram  shouing  completed  amnion  an<l  serosa,  bcj^inninf;;  allantois  and  * 
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growth  from  the  caudal  segment  of  the  primary  gut-tract.  Although  modilied  in 
man  and  certain  mammals  to  such  an  extent  that  its  typical  form  and  relations  are 
obscured,  the  allantois,  when  developed  in  a  characteristic  manner,  as  in  the  chick, 
assumes  the  appearance  of  a  iree  vesicle  connected  with  the  embryo  ncar  its  caudal 
po)e  by  means  of  a  narrow  pedicie,  the  allatttoic  stalk.  Since  the  allantois  is  an 
evagination  from  the  primitive  gut,  its  vvalls  are  formed  by  direct  continuations  of 
the  primary  layers  enclosing  the  digestive  canal, — namely,  a  lining  of  entoblastic 
cells,  reinforced  externally  by  a  layer  of  visceral  mesoblast. 

Beginning  as  a  wide  bay  on  the  ventral  wall  of  the  hind-gut,  the  allantois  elon- 
gates  and  appears  as  a  pyriform  sac  projecting  from  the  embryo  behind  the  attach- 
ment  of  the  stili  large  viteJline  stalk  (Fig.  ,19).  It  rapidly  grows  into  the  exocoelom, 
and  in  mammals  expands  in  ali  directions  until  it  comes  into  contact  with  the  inner 
suHace  of  the  primitive  chorion,  with  which  it  fuses  lo  constitute  the  true  chorion. 
The  latter.  sometimes  spoken  of  as  the  aliantoic  chorion  in  contraat  to  the  amniotic 
or  primitive  chorion,  now  becomes  the  most  important  envelope  of  the  mammalian 
embr}'0  on  account  of  the  r61e  that  it  is  destined  to  play  in  establishing  the  respira- 


torj-  and  nutritive  organ  of  the  fcetus,  the  placenta,  After  the  fusion  of  the  allantois 
»ith  the  primitive  chorion  to  form  the  chorion,  the  villous  projections  upon  the 
extemal  surface  of  the  latter  become  more  higlily  developed,  consisting  of  a  core  of 
mesoblastic  tissue  co\'ered  enternall/  by  the  cctoblast. 

The  primarv  purpose  of  the  allantois,  as  a  receptacie  for  the  effcte  materials  ex- 
creted  by  the  \Volflian  body  of  the  early  fcetus,  is  soon  overshadowed  by  its  function 
as  a  respiratory  organ  ;  thia  occurs  with  the  appearance  of  the  rich  vascular  supply 
within  the  chorion  (ollowing  the  invasion  of  its  mesoblastic  tissue  by  the  blood-vessels 
constituting  the  aliantoic  circulation.  The  latter  includes  the  two  allantok  arteries, 
which  are  extensions  from  the  aortic  stcm  of  the  embryo  and  convev  venous  biood, 
and  the  two  aliantoic  veins.  «hich  return  the  nxygenated  blood  to  the  embryo  and 
become  tributary  to  the  great  venous  segment  of  the  primitive  heart.  The  vascu- 
larization  of  the  chorion  estends  to  the  highly  de\'eloped  villi  occnpving  its  oiiter 
surface  in  many  mammalian  forms,  especialty  man. 

The  vascular  villi  of  ike  chorion,  bearing  the  terminal  loops  of  the  blood-vessels 
conveving  the  fcetal  blood,  are  important  structures  on  account  of  their  intimate 
relations  with  the  uterine  mucous  membrane  (Fig.  41  j,  in  conjunction  ivith  which 
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thty  ionu  a  respiralivc  aiid  luitrilivo  apiNkratus.  Tlic  iiitimac)-  bet»cen  the  uicrine 
mucous  membrane  and  the  chorionJc  tufts  presents  ali  dcgrees  of  association,  from 
simplc  appw>iti<>n,  as  seen  in  the  sow,  where  tlie  feeblv  developed  and  almost  uni- 
formi)' distributtd  vascular  projections  are  received  within  corresjMHidinK  depresiiions 
in  the  richly  vascular  uicrine  tissiie.  to  the  tirm  and  complex  attadimcnt  found  in  the 
hig:hly  developed  human  p  lačen  ta. 


Fig. 


In  contrast  with  the  chorion  of  those  animals  in  which  the  nuiritive  reladons 
between  the  maternal  tissues  and  the  embryo  are  uniformly  distributed  are  the  locai 
Specializations  seen  in  the  chorion  of  those  tvpes  in  which  a  placental  area  is  de- 
veloped. The  animals  in  uhich  ihe  lattercondition  obtains  are  knnv;n  as p/acetita/ia, 
of  which  three  subgroups  are  rccognizcd  dependinj;  upon  the  multipU  ( cotyledons ), 

Fig.  42. 


.f 


rm1y  dcNFlupnl  villi  (ha«. 


tonular.  or  discoidal  form  ol  tlie  placcnta,  man  and  ihe  apcs  rcpresentiiig  the  highest 
specializalion  of  the  last  ilivision.  In  its  f^cncral  plan  of  development.  thercfore.  the 
placenta  is  formcd  of  a  firtal  and  a  nmtirnal  pnrtion.  ihe  former  consislin;;  of  the 
vascular  villi  which  are  unusuallv  well  devilopcd  ivilhin  a  particiilar  portion  of  the 
chorion.  and  the  latter  of  ihe  opposcd  iiterinc  lininj;  which  bccomes  hifrlily  special- 
ized  throughout  a  corresponding  area  and  more  or  tcss  iniimaiely  united  with  the 
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fcetal  structures.  The  niucous  membrane  of  the  entire  iiterine  cavity,  in  many  of  the 
higher  mammals,  suflers  profound  change,  and  before  the  end  of  gestation  becomes 
inseparably  attached  to  the  chorion  even  in  its  extent  beyond  the  placental  area  ;  in 
such  animals  the  fused  uterine  and  chorionic  tissue  constitute  the  deciducc  which, 
lined  internally  by  the  closely  applied  amnion,  form  the  membranous  envelope  en- 
closing  the  foetus.  After  rupture  consequent  iipon  the  expulsion  of  the  fc3etus  at  the 
termination  of  pregnancy,  the  deciduae,  inchiding  the  speciaHzed  placental  portion, 
are  separated  from  the  uterine  wall  and  expelled  as  the  numbranes  and  the  placenta 
which  are  known  collectively  as  the  a/ter-birth. 

The  foregoing  sketch  of  the  general  development  of  the  fc3etal  membranes  in 
the-higher  mammals  must  be  now  supplemented  by  consideration  of  the  peculiarities 
encountered  in  the  development  of  these  structures  in  man. 

THE   HUMAN    FaZTAL   MEMBRANES. 

The  young  human  embryo  is  distinguished  by  the  very  early  formation  of  the 
amniotic  cavity^  by  the  precocious  development  of  the  mesoblast  and  extra- 
embryonic  coelom,  by  the  presence  of  the  body-stalk  and  by  the  great  thickening  of 
the  trophoblast.  It  must  be  remembered,  in  considering  the  formation  of  the  human 
fcetal  membranes,  that  the  earliest  stages  of  development,  to  wit,  fertilization, 
segmentation,  the  formation  of  the  blastoclermic  vesicle,  the  earliest  differentiation  of 
the  embryonic  area  and  the  formation  of  the  amniotic  cavitv  have  not  yet  been 
observed  on  human  specimens.  Our  kno\vledge  of  these  processes  is  derived  from  a 
study  of  some  of  the  lower  types  ;  bevond  these  very  early  stages,  however,  the 
conditions  in  the  human  embryo  have  been  subject  to  direct  study. 

The  Human  Amnion,  Amniotic  Cavity  and  Allantois. — The  accompany- 
ing  diagrams  (Fig.  43)  will  serve  to  illustrate  the  process  of  formation  of  the  foetal 
membranes  in  man.  Of  these  fi\'e  diagrams,  A  alone  is  purely  hypothetical  with 
reference  to  the  human  embryo.  In  diagram  A  the  amniotic  cavity  is  already 
indicated  as  a  small  cleft  between  the  embryonic  area  below  and  a  covering  layer  of 
cells  above  continuous  \vith  the  trophoblast.  This  layer,  the  trophoblast,  forms  the 
outer  covering  of  the  entire  vesicle.  It  is  presumably  already  thickened  at  as  early 
a  stage  as  this  diagram  represents.  Fresumably  also  the  surface  of  the  trophoblast 
shows  irregularities,  for  this  tissue  it  is  which  comes  into  direct  contact  with  the 
uterine  mucous  membrane  and  \vhich,  by  its  activities,  forces  its  way  into  the 
maternal  decidua.  This  latter  process  is  kno\vn  as  impiantation,  a  process  which 
supposedlv  is  taking  plače,  if  not  conipleted,  at  ahout  the  stage  of  this  diagram. 
VVhether  the  trophoblastic  layer  in  man  is  originallv  a  thin  singie  sheet  of  cells,  as 
for  instance  is  the  čase  in  the  rabbit,  or  whether  it  is  from  the  beginning  thickened, 
we  do  not  know.  Certainly  the  thickened  condition  appears  at  a  very  early  stage. 
The  embryonic  area  shows  the  embryonic  ectoblast  proper,  which  is  of  small  extent ; 
this  ectoblast  being  so  distinguished  from  the  trophoblastic  ectoblast.  The  ento- 
blast  beneath  is  represented  as  already  arranged  in  the  fonn  of  a  sac.  Between  the 
entoblast  and  ectoblast  the  mesoblast  has  made  its  appearance.  It  will  be  noted 
that  in  the  diagram  the  entoblastic  sac  is  much  smaller  than  the  outer  trophoblastic 
vesicle.  \Ve  do  not  know  that  this  is  really  the  condition  \vhen  the  entoblastic  sac 
is  lirst  formed  or  only  appears  in  conjunction  with  the  great  development  of  the  extra 
embryonic  ccelom  in  the  mesoblast.  It  is  certainly  not  unreasonable  to  suppose  that 
the  former  čase  is  the  true  one. 

The  early  appearance  of  the  amniotic  cavity  is  to  be  explained  in  this  way. 
After  the  blastodermic  vesicle  has  reached  the  stage  \vhen  the  inner  celi  mass  is 
attached  to  one  point  on  the  inner  surface  of  the  trophoblast,  the  formation  of  a 
cavity  occurs  in  the  region  of  the  inner  mass.  This  cavity,  at  first  very  small,  has 
below  it  the  cells  of  the  inner  mass,  \vhich  soon  become  arranged  into  the  t\vo 
primary  germ  lavers  of  the  embrvonic  area,  ectoblast  and  entoblast,  vvhile  above 
the  cavity  is  a  layer  of  cells  continuous  \vith  the  trophoblast.  Such  a  method 
of  formation  of  the  amniotic  cavitv  has  been  observed  in  some  of  the  lo\ver 
fr)rms,  for  instance,  by  Hubrecht,  in  the  hedge  hog,  and  since  the  earliest  human 
embryo  accurately   studied  shovvs  a  completelv  closed   amniotic  cavity,   while  in 
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i  reasonable  inference  that  in  man  such 


a  very  cariy  siage  of  development 
a  process  actually  occurs. 

In  diagram  B  the  mesoblast  Iias  not  onIy  surrounded  the  entoblastic  sac  and 
the  inner  surface  of  the  trophoblasl,  so  enclosing  iht  large  extra-enibryonic  ccelom, 
but  has  invadi.-d  the  layer  of  cells  above  the  amniotic  cavity,  dividing  ihls  laycr  Into 
two  parts,  llie  iiincr  part  going  to  form  the  ectoblast  of  the  amnion,  the  ouler  part 
being  a  contintiation  of  the  trophoblast  of  tlie  cliorion  There  is  hcre  evidentiv  a 
very  great  development  of  the  extra-embryonic  ccelom.  In  expIanation  of  this 
condition,  it  may  f>e  assumed  that  the  entoblastic sac  is  at  first  much  smaller  than  the 
trophoblastic  covering  of  the  vesicle  ;  that  the  mesoblast,  shortly  after  its  appearance, 

Fig.  43. 


develops  a  c<Elom  ;  that  the  two  iaycrs  of  the  mes<iblast  so  formed  grow  separately 
around  llic  vcsicle  ;  the  splanchnic  layer  around  tlit  entoblast,  the  somatic  layer 
aroimd  the  trophoblast,  so  enclosing  l>etwecn  them  as  thirv  grow,  the  considerable 
space  which  bccomcs.  by  this  procc-ss,  <-xlra-pmhrynnic  bi)dy  cavity.  This  diagram 
corresponds  roiighlv  t"  the  condition  nt  IV-ters'  t-mbryo  ("Fig.  44 ).  The  trophoblast 
is  gready  thickeni-d  :  its  ontcr  surfaci-  vcrv  irrcgniar.  showing  lacunas  or  spaces 
lilled  with  maternal  blood.  This  cariv  intimate  ccmtact  of  the  fitlal  tissue  wtth  the 
matcrnal  blood  permits  niitrition  of  the  yoiing  embrvo  from  the  mate rnal  blood  to  be 
carrie<I  on  thnmgh  the  lni|)hoblast  cells  some  tirne  liefore  the  allantoic  circiilation 
and  definite  placenta  are  cstahltshed.      Hunce  the  signiticance  of  this  term  trophoblast. 
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In  the  next  diagram,  (Fig.  43),  C,  the  extra-embryonic  coelom  has  invaded  the 
sheet  of  mesoblast  above  the  amniotic  cavity  to  such  an  extent  that  the  chorion  is 
conipletely  separated  from  the  amnion  and  the  body  of  the  embryo  except  at  one 
|x>int,  the  posterior  end  of  the  body,  where  a  soHd  stalk  of  mesoblast  connects 
the  chorion  and  embryo.  This  solid  band  of  mesoblast  is  called  the  dody-staik. 
It  represents,  therefore,  a  primary  arid  permanent  connection  betueen  the  chorion 
and  the  body  of  the  embryo.  A  small  diverticulum  from  the  entoblastic  sac  growing 
into  the  mesoblast  of  the  body-stalk  marks  the  beginning  of  the  aiianiois.  As  the 
diagram  shows,  the  amnion  is  at  first  a  comparatively  small  membrane  overiying  the 
embr>'onic  area.  The  ectoblast  of  the  amnion  is  on  the  inner  side  facing  the  embryo, 
the  mesoblast  on  the  outer  side.  In  the  chorion  these  layers  are  placed  inversely, 
the  mesoblast  on  the  inner  side,  the  ectoblast  (trophoblast)  outside.  The  space 
between  amnion  and  chorion  is  seen  to  be  a  continuation  of  the  extra-embryonic 
coelom. 

In  diagram  D,  the  amnion  has  become  considerably  expanded  in  association 
with  the  growth  of  the  body  of  the  embryo  and  the  accumulation  of  amniotic  fiuid. 
A  constriction  in  the  entoblastic  sac  has  made  its  appearance,  a  constriction  which 
separates  the  gut  of  the  embryonic  body  from  its  appendage,  the  yolk-sac,  the 
narrower  connecting  piece  being  known  as  the  yolk-stalk,  or  sometimes  as  the 
vUello-intesHnal  dud,  This  constricted  area  is  broueht  about  by  the  rapid  growth  of 
the  body  of  the  embryo.  In  the  early  condition  the  entoblastic  sac  is  attached  to 
the  embryonic  body  practically  along  its  entire  ventral  surface.  The  body  region 
grovvs  very  rapidly,  particularly  the  hcad  end,  \vhich  comes  to  project  from  the 
entoblastic  sac  to  a  marked  extent ;  the  tail  end  also  projects  somevvhat.  There  is  a 
correspK)nding  growth  of  the  gut  uithin  the  body  of  the  embrvo.  As  a  consequence 
of  this  process  of  expansion  of  the  body,  the  area  of  attachment  of  the  entoblast 
extemal  to  the  body  beconies  relatively  much  reduced  in  size,  occupying  only  a 
small  portion  of  the  ventral  surface  of  the  bodv,  and  a  i>rogressively  smaller  portion 
as  the  body  increases  in  bulk.  In  other  \vords,  the  narrovv  area  of  the  yolk-stalk 
makes  its  appearance. 

In  the  diagram  {D,ai)  the  allantois  projects  from  the  posterior  end  of  the 
embryonic  gut  into  the  bodv-stalk.  It  \vill  be  noticcd  that  the  human  allantois  is 
never  a  free  structure  as  it  is  in  many  of  the  lo\ver  tvpcs,  \vhere  it  grous  from  the 
body  freely  into  the  extra-embryonic  coelom  and  onlv  later  hecomes  connected  with 
the  chorion  to  form  the  placenta,  but  that  in  man  it  gro\vs  directly  into  the  body- 
stalk,  where,  outside  of  the  bodv  of  the  embrvo,  it  is  an  insigniticant  structure. 
Inside  the  body,  part  of  the  allantois  persists  as  the  bladder.  The  urachus,  a  fibrous 
cord  which  in  the  adult  passes  from  the  top  of  the  bladder  to  the  umbilicus,  is  also  a 
remnant  of  the  allantois.  The  thick  irregular  projections  of  the  trophoblast  have 
received  a  core  of  mesoblast  tissue,  so  forming  the  earlv  chorionic  villi.  These  villi, 
at  the-  point  of  attachment  of  the  body-stalk,  the  area  vvhere  the  placenta  is 
developing,  are  increasing  in  size,  \vhile  the  villi  over  the  remainder  of  the  chorion 
are  diminishing  in  size. 

In  diagram  /f,  the  amnion  has  become  greatlv  expanded.  It  lies  closer  to  the 
inner  surface  of  the  chorion.  In  close  association  with  this  expansion  of  the  amnion, 
and  the  accompanying  growth  of  the  bodv  of  the  embrvo,  the  structures  uhich  form 
the  umbilical  cord  are  so  closelv  ai)proximated  that  the  area  of  the  cord  is  clearly 
defined.  These  structures  are  the  bodv-stalk  containing  the  allantois  and  allantoic 
vessels,  the  yolk-stalk,  and,  bounding  the  other  side  of  this  area,  the  fold  of  the 
amnion  from  beneath  the  head.  At  first  the  lx)dy-stalk  projects  from  beneath 
the  extreme  posterior  end  of  the  bodv  of  the  embryo,  but  as  gro\vth  in  this  part  of 
the  bodv  advances  and  the  tail  projects  more  and  more,  the  body-stalk  is  brought  to 
the  ventral  surface  of  the  abdominal  region  in  close  proximity  to  the  yolk-stalk. 
The  allantoic  blood-vessels  gr()\v  from  the  embryo  through  the  lx)dy-stalk  to  the 
chorion,  \vhere  they  ramifv  in  the  chorionic  villi.  At  first  there  is  an  extension  of 
the  ca4om  ateut  the  yolk-stalk  in  the  umbilical  cord,  but  the  mesoblast  tissues  of  the 
structures  of  the  cord  soon  fuse  together,  obliterating  this  cavitv.  The  area  of  attach- 
ment tc)  the  abdomen  of  the  umbilical  cord  hecomes  relativelv  verv  much  reduced  in 
size  and  is  known  in  the  adult,  after  the  separation  of  the  cord,  as  the  timbilicus 
ur  navef. 
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The  chorioiiic  villi  at  tht-  poini  of  attuchment  to  Ihc  chorion  of  the  hodv-stiilk 
are  enlargcd.  Theso  villi  constitute  tlic  fu;tal  jturtion  oi  the  [ilaccnut,  the  su-called 
chorion  frondosum.  Thi;y  ari;  imbeddud  in  tht  iiiatcniul  dt-ciiltia,  more  siK-cilicallj-, 
the  dtcidua  basalis  nr  placenlalis.  It  mitst  bc  reniumbcred  that  the  vilH  ccintain  a 
mre  of  mcsobtast  tissiie  in  the  slajic  rcprcseiHed  by  diagram  E,  although  this  niesii- 
blastic  core  is  not  shown  in  the  tigtire.  and  that  the  allantoic  blood-vcsscls  run  in 
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b>-  slightly   stretchiiig   the   umbilical  cord  at   its    inšertioti,   «hen    a    fnld    appcars 
conuining   no  lai^o   vessds.      This  fold   poiiils  to   tlit-    position  of    lh<;    yolk-sac. 

To  sum  up,  thc  chicf  peculi- 
arities  of   the  human   fcetal  mem-  Fig.  45. 

branes  are  the  following  :  .  ■  ■    , 

1.   The     amniotic     cavity     is  ViieiUne™c 

developed  at  a  ver>-  earlv  period 
apparently  by  a  process  of  hollowing 
out  in  the  region  of  the  cells  of  the 

inncr  mass,  and  not  by  any  folding      ReOected  »mnion 

process.    The  cells  above  this  primi- 

tive  amniotic  cavity  are  later  split 

into  two  portions  by  thc  entrance  of        ,,  .  .^ 

ihe  mesoblast  and  extra-embryonic 

ccclom  ;  the  inner  portion  becomes     Mfduiurj-  giw,vr — 

the  ectoblast   of   the  amnion,  the 

outer  portion  is  merely  a  part  of  the 

thc  Irophoblast  of  the  chorion. 

3,  The  mesoblast  and  extra-  "  *"'="*""  t^™' — 
embryonic  ccelom  are  precociously  primiiivesir.ik— 
developed  at  a.  very  eariy  period. 

3.  The  body-stalk  constitutes  Bdlv-^i^ik-     - 
a  primarv  and  permanent  connection 
between  the  eml)r)'o  and  the  chorion. 

4.  The  allantois,  «hich,  f.\-  Ch 
temal  to  the  body  of  the  embryo,  is  uhorionk 
an  insi^nilicant  siruclure,  grous  Dor^i  91 
into  the  t«dy-stalk  and  therefore  is  jillp,unipd  /, 
i  free  vesicle. 


_-^=r;^.»*!^J>*^  'V 


5.  The  trophoblast 
contact  with  the  maternal  blood. 


earlj-  greatly  prolifcralcti  and  very  early  in  inttmate 


Fig.  44.  page  38,  i; 
descrves  special  attention 
hrane  o(  the  utcnis  in    i 


a  reproduction  of  the  dravving  of   Pctcr's  embryo 
The  figure  shows  a  smalf  i)ortion  of  the  mucous  mem- 
hich    is  inil)<;dded   the   embrvontc   or   chorionic    veside. 
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Bemcen  the  |>oints  a,  b  in  the  figure  lies  the  area  ihrou^h  which  the  embryonic 
growth  has  niadc  iLs  way  iiito  the  inucuus  membrane  of  the  ulerus.  and,  in  consequei)ce, 
the  uterine  epithelium  in  t))is  areii  has  disai))».Mred.  AtMve  this  small  area  there 
lies  a  citvering  ma.ss  of  tissue  (  T.  M. )  tn»inly  coniposed  ol  bl<xMJ,  the  result  evidently 
of  lieinorrliajje  IfilkuvinK  the  Itreakinj;  of  the  niua)s:i  of  tlie  uterus  in  this  rcttifm. 
The  chorionic  \'esicle  ;w  a  who!e  is  qiiite  larne,  especiallv  in  propirtion  to  the 
embrytmic  area  E,  the  surface  of  which  is  covered  with  a  distinct  columnar  epithclium. 
Surrounding  ihe  chorionic  vesicie  there  are  tw()  kinds  of  tissue.  »hich  make  a  verj- 
striking  featnre  of  the  pictnre.  First,  there  is  the  thickened  and  vcr\'  irrejnilar 
trophoblast,  the  cells  of  »hich  appear  durk,  and  which  f')nns  the  nnter  covering  of  the 
wall  of  the  embryonic  \'esic1e  iLselt.     Thcri  there  are  numerous  lar^e  blood-spaces  or 
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blo<Kl-lacunic  Ivinjj  amon);  the  irrcgular  j»riijetlions  of  ihe  trophoblast.  The  maternal 
bl.HMi.  therefofe.  in  this  verv  earlv  rondition  liathes  the  trophoblast  c.lls  of  ihe 
embrvo.  a  relalinn  verv  sinnilitant  »ilh  reference  to  the  mitrilion  of  the  embrvo 
K-fore  the  allanloic-plai-enial  drnijaiicn  ts  estal>tishwl.  The  mcsiKlerni  ( .1/  )  extends 
aroiind  the  v<-side  un  the  inner  siile  ol  th<-  tropluiblast.  In  several  placi-s  there  are 
(iulgro«lh>.  of  tile  nii-sodinn  '\n\<\  ihe  lr<jphobliist,  so  in(Iia(tin>;  the  bt^ninninjis  of  the 
villi  of  ihe  elic)rion.  h  wil!  l.e  renu-mU-red  tlial  the  cells  of  the  trophoblast  form  the 
epithelial  cverinj:  of  ihe  ehorion.  Ai  i^evera!  place^i  in  ihe  fignre  Ihi'  svncvtial 
lavt-r  ..f  th.-  tr..ph..blaHt  .SV  i-an  I«/  distiii^'i;islir,L  The  pro[M.rii<.millv  lar^e  cavity 
within  th«-  vesL.l.-  is  <-.xira-.inl.ryoni.-  ro-Ioni.  a  f;nt  which  ean  readilv  be  veritied  l>y 
ol>sirviiiy  the  relations  of  the  nusu.lerni.  Thi-  l.itter  laver  of  tissiie  is  seen  to  extend 
an.i.n.l  ih.-  Mnall  v..lk  sa.-  as  ih.-  vise.-ral  laver  of  the  mesoderni.  while  ihe  laVer  of  ihe 
m,so.i.Tiii  '.n  ihi-'  inn.-r  si.ie  of  thr  troplioblast  is  of  rnurse  th.-  parielal  laver.  heiice 
tlu-eavitv  ttilhin  lliesc  M-si»-'-live  lavers  i^  ihe  cMra-eMibrvonii-  lolnni,  precoeiimslv 
d.-\el..i»-d  lor  ihi-.  rarlv  >taL;e.  Th<T.-  i-  a  Mnall  anini.>tie\-avitv  abovc  the  embrvo'. 
Il<-1«.-.n  Ihi-.  ravilv  ,in.l  lin-  lropli..l.last  the  nirM>.lrnn  .■\[.-n<l-  a>  a  soljd  sheet. 
ThiTi-  afe  one  or  U\>'  mor.-  jminls  li.  Ih-  note<l  in  the  lij,'nre.      In  the  areas 
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marked  B.  Z.,  which  are  merely  porlions  o(  the  utcrine  mucosa  lying  against  the 
trophoblast,  ihe  tissue  is  oedematous  in  character.  This  tissue  is  described  by  Pcters 
as  the  bordering  zone.  In  other  portions  of  the  niucoiis  membrane  there  are  seen 
parts  of  some  of  the  uterine  glands  {g).  In  tlie  region  marked  Cap.,  is  seen  the 
beginning  of  the  decidua  capsularis,  growing  in  over  the  area  through  which  the 
embryonic  vesicle  broke  into  the  surface  of  the  uterus.  This  layer,  decidua  capsu- 
laris, is  at  thia  stage  scarcely  developed,  onlv  the  beginning  of  it  is  apparent. 

This  embryo,  described  hy  Peters,  is  the  youngcst  human  embryo  which  has 
been  accurately  studied.  The  inner  dimensions  of  the  vesicle,  as  gi\en  by  Peters, 
are  as  follovis  ;  i.6by  0.8  by  0.9  mm.  The  growth  was  found  on  the  dorsai  wall 
of  the  body  o(  the  uterus.  The  mucous  membrane,  decidua,  of  the  fundus  and 
dorsai  wall  was  about  8  mm,  thick,  that  of  the  ventral  wall  about  5  mm, 

The  Human  Chorion. — The  vascular  chorionic  villi,  although  becoming 
more  complex  by  the  addition  of  secondary  branches,  are  for  a  time  equally  well 
developed  over  the  esternal  surface  of  the  entire  embryonic  vesicle  ;  subsequently, 
from  the  end  of  the  second  month,  a  noticeable  diSerentiation  takes  plače,  the  villi 
induded  within  the  field  that  later  corre- 

sponds  to  ihe  placental  area  undergoing  Fig,  48. 
unusual  groMth  and  far  outstnpping  those  .  ,  . 
covcring  the  remaining  parts  of  the  chorion, 
This  inequality  in  the  development  of  the 
villi  led  to  the  recognition  of  the  chorion 
/rondosnm  and  the  chorion  Isve,  as  the  ^ft*oIw«tol 
placental  and  non-placental  portions  of  the 
chorion  respectively  are  termed  (Fig.  48). 
The  vascular  supply  of  the  villi  aiso  shares 
in  this  diflerentiation,  the  vessels  lo  thooe 
of  Ihe  placental  areii  becoming  progres- 
sivelv  more  numerous,  while,  on  the  con- 
lrary,  those  distribuied  to  the  remaining 
vilU  graduai!y  atrophy  as  the  chorion 
conics  into  intimate  apposition  with  the 
uterine  tissue.  \Vhen  well  developed,  the  pin^enni 
chorionic  villi  posscss  a  distinctive  appear-  {ciioHnn/,.mdo 
ance,  the  terminal  twigs  o(  the  richlv 
brane  h  ed  projections  being  clubbed  and 
slightlv  flattened  in  form.  Their  recogni- 
tion in  discharges  (rom  the  vagina  often 
afiords  valuable  information  as  to  the  cx- 
istence  of  pregnancy.  ih*  i^?n' mw*h    ,-^,  , 

The  Amniotic  Fluid. — The  anmion     hiihij-  dev^ioiKJ  viiii  »i  ihe  piscemai  »™. 
at  first  lies  closclv  applicd  to  the  embryo, 

but  soon  becomes  separated  by  the  space  which  rapidly  »idens  to  accommodate  the 
increasing  volume  of  the  contained  liquor  anmii.  The  accuniulation  of  fluid  within 
the  amniotic  sac.  which  in  man  takes  placc  with  greater  ra]>idity  than  in  other  mam- 
mals.  results  in  the  obliteration  of  the  cleft  between  the  chorion  and  amnion  until 
the  tatter  envelope  lies  tightlv  presse«!  against  the  inner  snrface  of  the  chorion. 
The  union  between  the  twn  envelopes.  however.  is  never  vcry  intimate,  as  even  afler 
the  expulsion  of  the  membranes  at  birth  the  attenualed  amnion  mav  be  stripped  off 
froni  the  chorion.  although  the  latter  is  then  inseparablv  fused  Mith  the  remaining 
portions  cf  ihe  decidu^e. 

The  amniotic  fluid.  slighiK-  alkaline  in  reaclton,  is  composed  almost  entirelv 
of  water  ;  of  the  one  per  cent.  of  solids  found,  albumin.  urea,  and  grape-sugar  are 
constituents.  The  quantity  of  liquor  anmii  is  greatest  during  the  si\ih  month  of 
gcstation,  at  which  time  it  often  reaches  two  litres,  \Vilh  the  rapid  incrcasc  in  the 
general  bulk  of  the  fcetus  during  the  later  months  of  pregnancv,  the  available  space 
for  the  amniotic  fluid  lessens.  resiildng  in  a  necessarj-  and  marked  tlccrease  in  the 
quantity  of  the  liquid  ;  at  birih,  less  than  one  litre  of  amniotic  fhj^il  is  usually 
present.      Sometimes,    ho\vever.   the    amount  of    the  liq(ior  amnii   niav  reach  ten 
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litres.  dne  to  paihnlogical  c<m<lilifiiis  of  thi-  fatal  cnvdopcs  :  sitch  cxcessiv(-  secrc- 
tioii  cinsiitutcs  hvdraninion.  During  the  tater  nionths  of  pregiiancv  the  fcetus  Sttal- 
lott-3  thi.'  amniotic  fluid,  as  shown  by  the  prestnce  of  hairs,  epithelial  cclls.  etc, 
uithin  the  somach.  In  view  of  the  composition  of  tht  Huid,  consisting  alino5t  vn- 
tirelv  of  wati.T.  il  seems  certain  that  thf  introdiiction  of  the  liquor  amiiii  doi-s  noi 
»ervc  the  puri>os«;s  of  ntitritiim  ;  fni  the  olhtr  hand,  it  is  prohable,  as  lield  by  Frever. 
that  the  tiiiusual  dciiiands  of  ihe  tietal  tissues  (or  wat<;r  nia\-  lx:  nirt  largelj-  in  this 
manner. 

The  soiircc  of  the  amniotic  tfiiid  in  man  h:ts  b«;en  the  subject  of  much  discus- 
sion.  While  it  has  been  im|>ossible  to  detcniiine  accurately  the  extLnt  to  uhich  the 
mother  partici|>at(.-s  in  the  formation  of  this  tluid,  it  ma)'  Ije  accepteti  as  cstablished 
that  the  maternal  tissues  are  the  principal  contribiitors  ;  it  is  aUo  probable  that  ihc 
fcetus  likeMise  aids  in  the  prodiiction  of  the  titjiior  amnii ;  the  lattor.  thcreforc.  orij;- 
inales  from  a  double  source, — maternal  and  ftetal.    Tlie  early  amniotic  fluid  rcscmbles 
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in  appcarance  anti  chemiral  composiiion  a  serous  esudatc  :  lator,  nfiei-  ihp  formation 
of  the  iirojjenit:il  openiii^s,  the  li<nior  ninnii  lieromcs  cnntaniinatid,  as  well  as  aug- 
mented,  by  the  adchtion  of  tlte  Hiiid  derivcd  from  the  cxrretory  organs  of  the  foetus. 
Diiring  the  later  weel;s  of  jit.-station  the  contints  of  the  digestive  tiilic  are  discharjied 
into  thi-  amniotic  sar  as  m<i-oniimi. 

The  Umbilical  Vesicie. — The  nmliilical  vc-sicic,  as  the  volli-sar  in  man  is 
tenned,  jiri-scnts  a  ri'vrrs<(i  i,Towih-r;itio  tn  ihe  ainninn  and  bodv-stalk  since  it  pro- 
j^Tcssivflv  dfCR-ases  as  thcsc  l:iltiT  apinTvIa^es  bccome  more  voliiniinous.  The  early 
human  i-inbrvo  is  verv  i!ii]»Tteitlv  diRi-ntitiali^d  from  the  !ar(;c  and  ronspiciious 
yolk-sar.  vviiii  \vliii-li  iis  ventral  siirf.irc-  widflv  rommimiraics.  \Vtth  the  advances 
madi'  dnrini:  th.-  ihird  week  in  rhi'  formation  <<\  tlic  priinilive  ^\\t.  the  nmncction 
lH-m'een  tlu-  laltiT  and  the  vileltine  sac  iM-romos  more  detinitelv  onilincd  in  conse- 
(|Li(n.e  cif  ihe  lici-jinini;  ninstrielion  uhich  indirates  the  lirst  sn^jrestion  of  the  later 
vilrllin.'  ur  umbilieal  -hi.t  •  i-it;.  47  ..      \\y  the  -mi  ol  ih.-  fnurtti  -veek  tlie  conncetion 
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between  the  umbilical  sac  and  the  embryo  has  bccome  reduced  tO  a  contracted  channel 
extending  from  the  now  rapidly  closing  veniral  body-wall  lo  ihe  yolk-sac,  which  is 
stili,  hovvever.  of  considerable  size.  The  succceding  fifth  (Fig.  50)  and  sixth  weeks 
effect  marked  changes  in  the  umbilical  duct,  no«-  reduced  to  a  narrow  tube,  which 
extends  from  the  embryo  to  the  chorion,  where  it  ends  in  the  gready  diminished 
vitelline  sac.  The  lumen  of  the  umbilical  duct  is  conspicuous  during  the  earliest 
months  of  gestation,  bul  later  disappears,  the  entoblastic  epithelial  lining  remaining 
for  a  considerable  tirne  wilhin  the  umbilical  cord  to  mark  the  position  of  the  former 

The  chief  factor  in  producing  the  elongation  of  the  umbilical  duct  is  the  rapid 
expansion  of  the  amnion  ;  with  the  increase  in  the  amniotic  sac  the  distance  bctween 
this  envelope  and  the  embryo  increases,  until  the  amnion  fills  the  entire  space  within 
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the  chorion,  against  which  it  tinally  lies.  In  consequcnci'  o(  this  expansion,  the 
attachment  bettteen  the  embrvo  and  the  amnion  around  the  ventral  opening,  which 
later  corresponds  to  the  umbilicus,  l>ec(>meB  greatly  elongatetl  and  narrowed.  At 
this  point  the  lissues  of  the  embrvonic  bodv-wall  and  the  amniotic  laycrs  are  directly 
continuous.  The  tiibular  shcath  of  amnion  thus  formed  cndoses  the  tissue  and 
structures  which  ex{end  betneen  the  embrvo  and  the  chorion.  as  the  constituents  of 
the  bellv-stalk,  togethor  with  the  umbilical  duct  and  the  remains  of  the  vitelline 
blood-vessels  ;  ihe  dclicate  mesoblastic  lavcr  of  the  amnion  fuses  with  the  similar 
tissue  of  the  allantois,  the  m  holc  clongated  peilicle  constitutiii^;  the  umbilical  cord  or 
funiculus.  The  latter  orijiinates,  ihcrcfore,  from  the  fiision  of  threc  chief  com- 
ponents,  the  amniotic  sheath,  the  belly-stalk,  and  the  vitelline  duct  ;  the  bellv-stalk. 
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as  already  noted,  includes  the  allantois,  with  its  blood-vessels,  and  diverticuliim, 
while  traces  of  the  vitelline  circulation  are  for  a  time  visible  within  the  atrophied 
walls  of  the  umbilical  duct.  As  gestation  advances,  the  aninion  and  the  chorion 
become  closcly  related,  but  not  inseparably  united  ;  betvveen  these  attenuated  mem- 
branes  lie  the  remains  of  the  once  voluminous  yolk-sac,  which  at  birth  appears  as 
an  inconspicuous  vesicle,  from  three  to  ten  milHmetres  in  diameter,  situated  usually 
several  centimetres  beyond  the  insertion  of  the  umbilical  cord. 

In  cases  in  which  the  closure  and  the  obliteration  of  the  vitelline  duct  before  birth 
are  imperfectly  effected,  a  portion,  or  even  the  whole,  of  the  intra-embryonic  segment 
of  the  canal  may  persist  as  a  pervious  tube.  Although  in  extreme  cases  of  faulty 
closure  a  passage  may  lead  from  the  digestive  tube  to  the  umbilicus,  and  later  open 
upon  the  exterior  of  the  body  as  a  congenital  umbilical  anus,  the  retention  of  the 
lumen  of  the  vitelline  duct  is  usually  much  less  extensive,  being  limited  to  the  prox- 
imal  end  of  the  canal,  vvhere  it  is  knovvn  as  Mecker s  diverticuliim,  The  latter  is  con- 
nected  with  the  ileum  at  a  point  most  frequently  about  82  centimetres  (thirty-two 
inches)  from  the  ileo-ca?cal  val  ve.  Such  diverticula  usually  measure  from  five  to 
7.5  centimetres  in  length,  and  possess  a  lumen  similar  to  that  of  the  intestine  with 
which  they  communicate. 

The  foregoing  envelopes,  the  amnion  and  the  chorion,  are  the  product  of  the 
embryo  itself ;  their  especial  purpose,  in  addition  to  affording  protection  for  the  deli- 
cate  organism,  is  to  aid  in  establishing  close  nutritive  relations  between  the  embryo 
and  the  maternal  tissues,  which,  coincidently  with  the  development  of  the  fcetal 
envelopes,  undergo  profound  modifications  ;  these  changes  must  next  be  considered. 

The  Deciduae. — The  birth  of  the  child  is  followed  by  the  expulsion  of  the 
after-birth,  consisting  of  the  membranes  and  the  placenta,  which  are  separated  from 
the  uterine  wall  by  the  contractions  of  this  powerful  muscular  organ.  Close  inspection 
of  the  inner  surface  of  the  uterus  and  of  the  opposed  outer  surface  of  the  extruded 
after-birth  shows  that  these  surfaces  are  not  smooth,  but  roughened,  presenting  evi- 
dences  of  forcible  separation.  The  fact  that  the  external  layer  of  the  expelled  after- 
birth  consists  of  the  greater  portion  of  the  modified  mucous  membrane  which  is 
stripped  off  at  the  close  of  parturition  suggested  the  name  deciduce  for  the  mater- 
nal portion  of  the  fcetal  envelopes  shed  at  birth. 

Since  the  deciduae  are  directly  derived  from  the  uterine  mucous  membrane,  a 
brief  sketch  of  the  normal  character  of  the  last-named  structure  appropriately  pre- 
cedes  a  description  of  the  changes  induced  by  pregnancy.  The  normal  mucous 
membrane  lining  the  body  of  the  human  uterus  (Fig.  51)  presents  a  smooth,  soft, 
velvety  surface,  of  a  dull  reddish  color,  and  measures  about  one  millimetre  in  thick- 
ness.  The  free  inner  surface  is  covered  with  columnar  epithelium  (said  to  be  cili- 
ated)  \vhich  is  continued  directly  into  the  uterine  glands.  The  latter,  somewhat 
sparingly  distributed,  are  cylindrical,  slightly  spiral  depressions,  the  simple  or  bifur- 
cated  blind  extremities  of  which  extcnd  into  the  deeper  parts  of  the  mucosa  in  close 
relation  to  the  inner  bundles  of  involuntary  muscle  ;  ali  parts  of  the  tubular  uterine 
glands  are  lined  by  the  columnar  epilhclium.  The  muscular  bundles  represenling 
the  muscularis  mucosae  are  enormouslv  hvpertrophied  and  constitute  the  greater 
part  of  the  inner  more  or  less  regularlv  disposed  circular  laver  of  the  uterine  muscle. 
The  unusual  development  of  the  muscular  tissue  of  the  mucous  membrane  reduces 
the  submucous  tissue  to  such  an  insignificant  structure  that  the  submucosa  is  gener- 
ally  regarded  as  \vanting,  the  extremities  of  the  uterine  glands  being  described  as 
reaching  the  muscular  tunic.  The  glands  lie  embedded  in  the  connective-tissue 
comi)lex,  rich  in  connective-tissue  elenients  and  Ivmphatic  spaces,  that  forms  the 
tunica  propria  of  the  mucosa. 

With  the  beginning  of  pregnancv  the  uterine  mucous  membrane  undergoes 
marked  hvpertrophv.  becoming  much  thickcr,  more  vascular,  and  beset  with  nu- 
merous  irregularilics  of  its  free  surface  caused  by  the  elevations  of  the  soft  spongv 
component  tissue.  These  changes  take  plače  duriiig  the  desccnt  of  the  fertilized 
ovum  along  the  oviduct  and  indicatc  the  active  pro[)aration  of  the  uterus  for  the 
reception  of  the  cnum. 

According  to  the  dassical  descrii)tion  of  the  cncapsulation  of  the  ovum  (Fig.  52) 
by  the  uterine  mucous  membrane,  the  embryonic  vesicle  hecomes  arrested  \vithin 
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one  of  the  depressions  of  the  uterine  lining,  usually  near  the  entrance  ol  the  ovi- 
duct,  whereupon  the  adjacent  mucosa  undergoes  rapid  further  hypertrophy,  vihich 
results  in  the  formacion  of  an  annular  fold  surrounding  the  product  of  concep- 
tion.  This  encircling  wal]  of  uterine  tissue  continues  its  rapid  gro«-th  until  the 
embr\'onic  vesicle  is  entirely  enclosed  within  a  capsule  of  modified  tnucous  mem- 
brane, known  as  the  decidua  rejiexa.  as  distingulshed  from  the  decidua  vera.  the 
name  applied  to  the  general  lining  of  the  pregnant  ulerus.  That  portion  of  the 
uterine  mucosa,  however,  which  lies  in  close  apposltion  to  the  cmbironic  vesicle, 
constituting  the  outer  wall  of  the  decidua!  sac,  is  ternied  the  decidua  serotina  ;  laler 
it  becomes  the  maternal  part  of  the  placenta. 
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Our  knowledge  of  the  details  regarding  the  encapsulation  of  the  ovum  has 
been  material]y  advanced  by  the  rccent  observations  of  Peters,  « ho  had  the  rare 
good  fortune  of  carefullv  studying  the  details  of  the  process  at  an  carlierstage  than 
anv  hitherto  accuratelv  invcstigated.  The  resiilts  of  Peters's  ol>servations  lead  lo  a 
5omcwhat  modified  conception  of  the  cariv  phases  of  the  encapsulation  of  the  ovum, 
as  weil  as  shed  additional  light  on  some  of  the  vexed  pmblcms  ronccrning  the  details 
of  the  formation  of  the  placenta. 

According to  these  investigations,  the  embrjonic  vesicle,  on  reaching  the  uterine 
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Ihe  tubular  depressions  ;  ihe  inner  poriiona  of  ihe  glands,  directed  towards  the  sur- 
face  ol  the  uterus,  become  elongated  and  He  embedded  within  a  cotnparatively 
dense  matrix.  In  consequence  of  these  changes,  the  decidua  in  the  vicinity  of  the 
ovum,  where  the  hypertrophy  is  most  marked,  presenls  in  section  two  strata,  an 
inner  compact  and  an  outer  spongji  layer.  The  cihated  columnar  epithelium  that 
normally  clothes  the  free  surface  of  the  uterus,  and  perhaps  also  the  uterine  glands, 
gradualiy  disappears,  the  degeneration  beginning  before  the  end  of  the  lirst  month. 
The  integrily  of  the  celU  hning  the  uterine  glands  is  maintained  for  a  longer  period, 
but  the  glandular  epithehum  likewise,  after  a  tinie,  suflers,  losing  its  columnar 
character  and  changing  to  small  cubical  or  flattened  etetnents,  which,  afler  appear- 
ing  as  shrunken  columns  during  the  fourth  and  tifth  monihs,  finalty  disappear 
during  the  latler  half  of  gestation.  An  important  exception,  however,  is  to  be  noted 
in  the  behavior  of  the  epithehum  Itning  the  deeper  portion,  or  the  fundus,  of  the 
glands  next  the  muscular  tissue  ;  the  epithelium  situated  in  this  position  does  not 
participate  in  the  atrophic  changes  above  described,  but  retains  more  or  less  per- 
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fectly  its  normal  condition  to  the  close  of  pregnancy.  After  the  expulsion  of  the 
decidual  portion  of  Ihe  uterine  mucous  membrane,  the  epithelium  remaining  in  the 
fundus  of  the  glands  becomes  the  centre  of  regeneration  for  the  new  lining  of  the 
uterus. 

The  connective-tissue  elements  of  the  matrix  surroundtng  the  glands.  especiaily 
in  the  compact  layer  in  the  viciniiv  of  the  ovum,  undergo  active  proliferaiion,  in 
consequence  of  which  large  spherical  elements.  the  dfcidua/  celh,  are  produced,  The 
latter,  from  .030  to  .040  miUimetre  in  diameter,  in  places  are  so  densely  packed 
that  they  assume  the  appearance  of  epithelium  :  although  most  tvpicat  and  nu- 
merous  in  the  compact  layer,  thev  are,  nevertheless,  present  in  the  spongy  strajum, 
in  this  situation  being  more  elongated  and  lanceolate  in  form, 

The  decidua  vera  retains  this  general  character  during  the  (irst  half  of  preg- 
nancy  ;  from  this  time  on,  honever,  the  increasing  voliime  of  the  uterine  contents 
subjects  the  decidua  to  undue  prcssure,  in  consequence  nf  whLch  the  hvpertrophied 
mucosa  undergoes  the  atrophic  changes  characteristic  of  the  so-catled  sccond  slage. 
These  tndude  a  gradual  reduction  in  the  thickness  of  the  decidua  vera  from  nearly 
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one  centimetre  to  about  two  millimetr<s,  the  disappearance  of  the  ducts  and  open- 
ings  of  the  uterine  glands,  and  the  conversioii  oi  the  compact  ]ayer  into  a  dense 
homogencous  stratuni,  in  which  the  tightly  compressed  glands  later  entirely  disap- 
pear.  The  «pongy  layer,  on  the  contrary,  relains  the  dilated  gland-lumina,  whicn, 
howevcr,  in  consequencc  of  pressure,  are  con\erted  into  irregular  spaces  arrangcd 
with  their  longest  dimensions  parallcl  to  the  uterine  surface.     The  clefts  next  the 
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muscular  tissue  are  clothcd  with  well-preserved  epithehum  ;  the  Uning  cells  of  those 
towards  the  compact  laver,  on  the  contrary,  early  atrophy  and  disappear. 

The  Decidua  Placentalis.— Thedecidiiapkcentahs,  ox  deciduascroiina,  bcing 
deslined  to  conlributi:  the  niatern  il  jiiirtion  of  tht;  placenla,  iindergocs  profound 
changes  wh  ch  pirt  cularlv  affect  the  blood  essels  of  the  mucosa.  In  addition  to 
the  n  tial  gencr  1 1  ypertrophy  of  the  m  cous  memhrane      h  ch  the  placcntal  dccidii; 
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n  ng  peciiUar  poIynucleated  ele- 
ment the  giani  cells.  make 
ti  e  r  appearance  during  the  fifth 
month  ;  by  the  end  of  preg- 
nanca they  are  found  in  large 
nun  bers  u-ithin  the  basal  plate 
and  the  septa  of  the  placenta, 
altho  gh  tliey  are  not  wanting 
with  n  the  rcmainsof  thespongy 
hyer  The  giant  celts  are  par- 
t  cularlv  numeroiis  in  the  im- 
mcd  ate  vicinitv  of  the  large 
blood  essels.  The  relations 
betvveen  the  ingrou'ing  icetal 
trophoblastic  tissue  and  the  ma- 
ternal  structures  earlv  become 
so  nt  mate  »ithin  the  placental 
area  that  espccial  modifications 
are  mslituted  dcstmid  for  the  prodiiction  of  the  vascular  arrangcmenl  by  which  the  ■ 
maternat  and  fcetal  bh>o<i-strcams  are  brought  into  dose  relations. 

The  proliferatinK  trophoblastic  tissue  invadcs  the  stronia  of  the  miicous  mem- 
brane and  encroaches  upon  the  capillarics  imtil  the  latter  in  placcs  become  ruptured, 
allo\virii^  the  escapc  of  the  maternal  blood,  whii-h  thiis  is  brought  into  direct  contact 
with  llie  trophoblast.  The  erosion  cffected  by  the  blood,  on  the  one  hand,  and  the 
cniro.ichnunt  of  the  f<ctal  mesobl.ist,  on  the  other.  graduallv  ri^duces  the  tropho- 
blastir  str.unm.  which  is  hroken  up  into  narrow  epithtliat  trrtbeniUe  separating  the 
rapidiv  enlarging  vascular  lacimae,  the  primary  re  presen  t. iti  ves  of  the  intervillous 


THE  PLACENTA.  49 

matcmal  blood-spaces  of  the  placenta.  The  aciive  outgrowth  of  the  mesoblastic 
ti^isue  of  the  chorion  into  the  trophoblastic  envelope  results  in  the  production  of  the 
characteristic  villous  condition  distinguishing  the  early  human  embryonic  vesicle. 

\Vhen  sectioned,  the  well-developed  chorionic  vilii  are  seen  to  be  composed  of 
two  portions,  (aj  the  central  core  of  gelatinous  connectjve  tissue,  containing  nu- 
merous  stellate  cella  and  blood-vessels,  rcpre- 

senting  the  foetal  mesoblast,  and  (A)  the  epi-  I"itJ-  57' 

thettal  covering  derived  from  the  trophoblast. 
The  investment  of  the  vilh  consists  of  two 
lavcrs,  — an  innerstratum,  next  the  connective- 
tissue  core,  composed  of  low,  distinctl)'  ont- 
lined  polyhedral  cells,  the  chorionic  epithe- 
liurn,  and  an  outer  stralum,  the  syncytium. 
composed  o(  an  apparcntly  continuous  proto- 
plasmic  layer,  in  which  nuclei  are  visible,  but 
definite  celi  boundaries  are  wanling.  Irregu- 
larly  distributed  aggrcgations  of  nuclei.  or 
cell-patches  (Fig.  56),  form  slight  elevations 
on  the  surface  of  the  vilii.  The  derivation 
of  the  outer  layer,  or  syncylium.  has  becn 
the  subject  of  much  discussion  ;  its  close  rela- 
tion  to  the  maternal  blood-spaces  suggested  a 
maternal  origin  to  some  investigators,  \vhile 
others  regard  it  as  a  fcetal  production.  The 
observations of  Peters  on  the  very  early  human 
ovum,  already  mcntioned,  conclusively  show 
ihe  correctness  of  the  lalter  \'Lew,  and  ihat 
the  svncvtium  is  formed  by  the  transformatio 

lacunie  (Fig.  58)  ;  the  syncyliuni,  as  well  as  the  remaining  parts  of  the  vilii  of  the 
chorion,  therefore,  is  of  fcetal  origin.  The  epiihelinm  covcrinp  the  vilii  of  the  pla- 
cental  area  early  evinces  a  tendeiicv  towards  regression.  and  hy  ihc  lourth  monlh 
exists  only  as  isolated  patclies  :  during  the  later  stages,  and  particularly  on  the 
larger  vilii,  the  laver  of  chorionic  epithciium  disappears,  ihe  syncytium  remaining 
as  the  šole  attenuated  covering  of  the  connective-tissue  core  of  the  vilii.  In  certain 
parts  of  its  extent,  especially  ivhore  it  covers  the  chorion  and  the  dccidna  serotina. 
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of  irregular  discoidal  form.  concavo-convex  m  section,  and 
to  eighteen  centimetres  in  diameter  and  from  three  to  four  c 
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lw  convix  t-stcrnal  or  iiterinc;  surface  is  nmgh,  owing  to  the  sc-paration  froin  the 
decper  part  of  the  Iiiiin>;  of  the  uterus  which  has  taken  plače  at  the  termination  of 
latx)r.  This  ssudace,  morcover,  pr<.-sents  a  niimber  of  divisions,  the  coiyUdons,  de- 
fined  by  deep  tmiires.  The  inner  or  icEtal  surface  is  smooth,  being  covered  by  the 
amniun,  und  5lij;htly  cuncave.  The  ueight  of  the  iul]y  developed  placenta  averages 
abijut  500  grammes. 

The  position  o(  the  placenta  is  dt-termined,  evidendy,  by  the  point  at  which  the 
ovum  forms  its  altachiiK.-nt  with  the  maternat  tissues  ;  in  the  ma)ority  of  cases  this 
locatiiin  is  at  the  fnndus  of  the  uterus  in  the  vicinity  of  the  oviduct,  right  or  left, 
the  orifice  of  which  becomes  occluded  by  the  expansion  of  the  placental  structures. 
Less  frequently  the  placenta  occupies  ihe  more  dependent  portions  of  the  utcrine 
waU  and,  in  exceptional  cases,  its  position  is  in  the  immediate  vicinity  of  the  internal 
mouth  of  the  uterus  ;  in  these  lattcr  cases  the  placenta  may  partially,  or  even  com- 
pletel/,  grow  over  the  latter  opening,  thus  constituting  the  grave  condition  known  as 
placenta  pravia.     The  general  constitution  of  the  placenta  (Fig.  59J,  as  consisting 
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of  the  fiEtal  and  the  maternat  portions,  has  already  been  sketched  ;  it  now  remains  to 
consider  brierty  the  arrangement  of  these  structures. 

The  fmtal  poriion  of  the  placenta,  the  contribution  of  the  chorion  frondosum, 
soon  becomes  a  mass  of  richly  branching  villi.  the  more  robust  main  stalks  of  \vhich 
are  attached  10  the  maternal  tissue,  while  the  smaller  sccondary  raniificattons  are 
frce,  c(nnplctely  surrounded  l>v  the  contents  of  ihe  maternal  blood-sinuses  in  which 
tliey  float.  In  ali  cases  tlie  villous  processes  support  the  terminal  loops  of  the  fcetal 
blood-vessils,  the  Idood  Ijeing  convovcd  to  and  from  the  placenta.  .ntong  the  umbil- 
ical  i-iird,  by  the  umhihcal  arteries  and  vein.  Althouijh  coniing  into  close  relation, 
the  syn<V'i>'"i  ^"^1  die  meagre  connoctivc  tissue  surrounding  the  fcEtal  capillaries 
aliine  intervcning,  the  blnod-streams  of  the  niother  and  of  the  child  never  actually 
minile  ;  the  deUcate  septum,  ho\vever,  allows  the  iree  interchangeof  gascs  necessary 
fer  the  ruspiraiorv  hmction  as  well  as  the  passage  of  nutritive  sutetances  into  the 
ftrtal  circulation.  ' 
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The  mcUenial  poriioti  of  the  placenia  is  coniribiited  by  that  portiim  of  thi; 
mucous  membrane  known  as  the  decidua  serotina  :  its  especial  pecuHarities  consist 
in  ihe  intervilloiis  blood-spaces,  which  may  be  regarded  as  derivations  from  the 
croded  maternal  blood-vessels.  As  alreadv  described,  the  irophoblast  and  maternal 
tissues  early  come  into  close  reiatioii,  and  the  capillary  blood-vessels  are  opened  by 
ihe  invasion  of  the  fietal  tissue,  which  latler,  in  turn.  is  eroded  and  channelled  out 
by  the  maternal  blood  which  escapes  upon  the  rupture  of  the  blood  vessels  of  the 
mucosa.  The  e,xtension  of  the  blood-spaces  thus  orif^inating  constitutes  the  elaborate 
svstem  of  vascular  laciin%,  or  intervillous  spaces,  forming  so  conspicuous  a  part  of 
the  fullv  developed  placenta. 

In  its  earlier  clianges  the  decidua  serotina  closelv  resembles  the  decidua  vera, 
prcsenting  an  inner  compact  and  an  ontcr  spongv  layer  ;  by  the  middle  of  preg- 
nancy,  honever,  the  previously  eniarged  glands  have  entirelv  disappeared  in  conse- 
quence  of  the  atrophy  induced  by  the  increasing  pressure  caused  by  iho  augmenling 
volume  of  the  uterine  contents.     When  the  placenta  is  detached  from  the  uterus  the 


line  of  separation  passes  through  the  junction  of  the  former  spongy  and  compact 
lavers  ;  according  to  Webster,  however,  the  separation  occurs  in  the  compact  laver. 
The  condensed  decidua!  tissue  ciosing  in  the  vascular  lacuna.  on  the  one  hand,  and 
covering  the  suriace  of  separation,  on  the  other,  constitutes  ihe  6a ser f  p/a fi-.  The 
latter  is  continued  deeplv  within  the  placenta  by  connective-lissiie  portions,  ihe  sep/a 
platerUa,  which  estend  between  the  groups  of  chorionic  villi,  forming  the  cotyledons 
visible  on  the  outer  surface  nf  the  placenta  as  irregular  lobules  separated  by  deep 
furrows.  These  septa  do  not  rcich  as  far  as  the  chorion  except  at  the  margin  of  the 
placenta.  where  thev  form  a  thin  membranous  shcet  lieneath  the  chorion.  the  subcho- 
rionic  ocduding  plaie  o(  Waldeyer.  Lai^e.  roiind.  multinucleatcd  elements,  the 
giant  cr/ls.  mcasuring  from  .04  to  .08  millimetre  in  diamoter,  are  present  within  the 
tissue  of  the  maternal  placenta.  especiallv  vcithin  the  basal  plate  and  the  septa.  At 
the  margin  the  placcntal  tissue  bccomcs  directiv  cuntinuous  with  the  firtal  mem- 
branes,  the  chorion  and  the  decidua  being  closelv  imitcd. 

The  numerous  branchesof  the  arterics  siipphing  the  uteni?  pierce  ihe  muscular 
tunic  and  gain  the  basal  pinte  :  here  the  arterial  vessels  lose  their  muscular  coat  and 
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as  already  noted,  includes  the  allantois,  with  its  blood-vessels,  and  diverticulum, 
while  traces  of  the  vitelline  circulation  are  for  a  tinie  visible  within  the  atrophied 
walls  of  the  umbilical  duct.  As  gestation  advances,  the  amnion  and  the  chorion 
become  closely  related,  but  not  inseparably  united  ;  between  these  attenuated  mem- 
branes  lie  the  remains  of  the  once  voluminous  yolk-sac,  which  at  birth  appears  as 
an  inconspicuous  vesicle,  from  three  to  ten  miUimetres  in  diameter,  situated  usually 
several  centimetres  beyond  the  insertion  of  the  umbilical  cord. 

In  cases  in  which  the  closure  and  the  obliteration  of  the  vitelline  duct  before  birth 
are  imperfectly  effected,  a  portion,  or  even  the  vvhole,  of  the  intra-embryonic  segment 
of  the  canal  may  persist  as  a  pervious  tube.  Although  in  extreme  cases  of  faulty 
closure  a  passage  may  lead  from  the  digeslive  tube  to  the  umbilicus,  and  later  open 
upon  the  exterior  of  the  body  as  a  congenital  umbilical  anus,  the  retention  of  the 
lumen  of  the  vitelline  duct  is  usually  much  Icss  extensive,  being  limited  to  the  prox- 
imal  end  of  the  canal,  where  it  is  known  as  MeckcT s  diverticulum,  The  latter  is  con- 
nected  with  the  ileum  at  a  point  most  frequently  about  82  centimetrc»s  (thirty-two 
inches)  from  the  ileo-ca?cal  valve.  Such  diverticula  usually  measure  from  five  to 
7.5  centimetres  in  length,  and  possess  a  lumen  similar  to  that  of  the  intestine  with 
which  they  communicate. 

The  foregoing  envelopes,  the  amnion  and  the  chorion,  are  the  product  of  the 
embryo  itself ;  their  especial  purpose,  in  addition  to  affording  protection  for  the  deli- 
cate  organism,  is  to  aid  in  establishing  close  nutritive  relations  betvveen  the  embryo 
and  the  maternal  tissues,  which,  coincidently  with  the  development  of  the  foetal 
envelopes,  undergo  profound  modifications  ;  these  changes  must  next  be  considered. 

The  Deciduae. — The  birth  of  the  child  is  followed  by  the  expulsion  of  the 
after-birth,  consisting  of  the  membranes  and  the  placenta,  which  are  separatcd  from 
the  uterine  wall  by  the  contractions  of  this  povverful  muscular  organ.  Close  inspection 
of  the  inner  surface  of  the  uterus  and  of  the  opposed  outer  surface  of  the  extruded 
after-birth  shows  that  these  surfaces  are  not  smooth,  but  roughened,  presenting  evi- 
dences  of  forcible  separation.  The  fact  that  the  external  layer  of  the  expelled  after- 
birth  consists  of  the  greater  portion  of  the  modified  mucous  membrane  which  is 
stripped  off  at  the  close  of  parturition  suggested  the  name  dcciducc  for  the  mater- 
nal portion  of  the  foetal  envelopes  shed  at  birth. 

Since  the  deciduae  are  directly  derived  from  the  uterine  mucous  membrane,  a 
brief  sketch  of  the  normal  character  of  the  last-namcd  structure  appropriately  pre- 
cedes  a  description  of  the  changes  induced  by  pregnancy.  The  normal  mucous 
membrane  lining  the  body  of  the  human  uterus  (Fig.  51)  presents  a  smooth,  soft, 
velvety  surface,  of  a  dull  reddish  color,  and  measures  alx)ut  one  millimetre  in  thick- 
ness.  The  free  inner  surface  is  covered  with  columnar  epithelium  (said  to  be  cili- 
ated)  \vhich  is  continued  directly  into  the  uterine  glands.  The  latter,  somevvhat 
sparingly  distributed,  are  cylindrical,  slightly  spiral  depressions,  the  simple  or  bifur- 
cated  blind  cxtremities  of  which  extend  into  the  deeper  parts  of  the  mucosa  in  close 
relation  to  the  inner  bundles  of  involuntary  muscle  ;  ali  parts  of  the  tulnilar  uterine 
glands  are  lined  by  the  columnar  epithelium.  The  muscular  bundles  representing 
the  muscularis  mucosae  are  enormouslv  hvpertrophied  and  constitute  the  greater 
part  of  the  inner  more  or  less  regularlv  disposed  circular  laver  of  the  uterine  muscle. 
The  unusual  development  of  the  muscular  tissue  of  the  mucous  membrane  reduces 
the  submucous  tissue  to  such  an  insignificant  structure  that  the  submucosa  is  gener- 
ally  regarded  as  \vanting,  the  extremities  of  the  uterine  glands  being  descrihed  as 
reaching  the  muscular  tunic.  The  glands  lie  embedded  in  the  connective-tissue 
complex,  rich  in  connective-tissue  elements  and  Ivmphatic  spaces,  that  forms  the 
tunica  propria  of  the  mucosa. 

With  the  beginning  of  pregnancy  the  uterine  mucous  membrane  undergoes 
marked  hvpertrophv.  becoming  much  thickcr,  more  vascnlar,  and  bcsct  \vith  nu- 
merous  irregularities  of  its  free  surface  caused  by  the  elevations  of  the  soft  spongv 
component  tissue.  These  changes  take  plače  during  the  desccnt  of  the  fcrtilized 
ovum  along  the  oviduct  and  indicate  the  active  preparation  of  the  uterus  for  the 
reception  of  the  ovum. 

According  to  the  classical  description  of  the  encapsulation  of  the  ovum  (  Fig.  ^2) 
by  the  uterine  mucous  membrane,  the  embryonic  vesicle  becomes  arrested  \vithin 
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one  of  the  depresaions  of  the  uterine  Hning,  usually  near  the  entrance  of  the  ovi- 
duct,  whereupon  the  adjacent  mucosa  undergoes  rapid  further  hypertrophy,  which 
resulta  in  the  fomiation  of  an  annular  fold  surrounding  the  product  of  concep- 
tion,  This  encircling  wall  of  uterine  tissue  continues  its  rapid  growth  until  the 
einbryonic  vesicle  is  entirely  endosed  within  a  capsule  of  modified  tnucous  mem- 
brane, known  as  the  decidua  reflexa,  as  distinguished  froni  the  decidua  vera,  the 
name  applied  to  the  general  iining  of  the  pregnant  uterus.  That  portion  of  the 
uterine  mucosa,  however,  which  lies  in  close  apposition  to  the  embrvonic  vesicle, 
constituting  the  outer  wall  of  the  decidual  sac,  is  termed  the  decidua  sfrolina  ;  later 
it  becomes  the  maternal  part  of  the  placenta. 


Fig.  51. 


<!. 
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Our  knowledge  of  the  details  regarding  the  cncapsulation  of  the  ovum  has 
been  materially  advanced  by  the  recent  ohsorvations  of  Peters,  »ho  had  the  rare 
good  lortune  of  carefullv  studving  the  details  of  the  process  at  an  earlier  stage  than 
any  hitherto  accurately  investigatcd.  The  results  of  Peters's  observations  lead  to  a 
soinewhat  modified  conccption  of  the  carly  phases  of  the  encapsutation  of  the  ovum, 
as  well  as  shed  additional  hght  on  some  of  tlie  vesed  problems  concerning  the  details 
of  the  formation  of  the  placenta. 

According  to  these  investigations,  the  embrj-onic  vesicle,  on  reaching  the  uterine 
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cavity  and  becoming  arrested  at  some  favorable  point,  usually  in  tho  vicinity  of 
the  oviduct,  brings  about  a  degeneration  of  the  uteriiic  epithelium  over  the  area  of 
contact.  Tfje  disappearance  of  the  epithelbl  liniiiK  is  followed  by  sinking  and  em- 
betiding  of  the  enibryonic  vesicleuithin  the  sottened  mucous  membrane,  the  proccss 
being  accompanied  by  erosion  of  some  of  tlie  uterine  capillaries  and  consequent 
hemorrhage  into  the  opening  representing  the  path  of  the  ovum.  The  extravasated 
blood  eacapes  at  the  point  of  entrance  on  the  uterine  surface  and,  later,  lorms  a 
niushroom-shaped  plug  markingthc 
Fiu.  S2.  position   of   the  embedded  ovum. 

The  latter  thus  comes  into  closer 
relations  wiih  the  malernal  tissues  at 
an  earlier  period  than  was  [ormerly 
rccognized. 

TheTrophoblast.— Theear- 
liest  human  embryonic  vesicle  that 
has  been  accurate!y  studied, — that 
of  Petcrs,— whi!e  measuring  only 
1.6  millimetres  in  its  greatest  di- 
ameter,  was  alrcady  enclosed  exter- 
nally  by  a  conspicuous  ectoblastic 
tpcctivciy;  o.ovum.  envelopc,    in    places  .5   millimetre 

or  more  in  thickness.  This  thick 
ectoblastic  layer  is  evidently  the  proliferated  trophoblast  (page  31 ),  a  membrane  so 
designated  to  indicate  the  important  nutritive  functions  which  it  early  assumes. 
Very  early  the  trophoblast  becomes  honeycoml)ed  by  the  extension  of  the 
maternal  vascular  channels  into  the  ectoblastic  tissue  (Fig.  53),  which  consequently 
is  broken  up  into  irregularepithelial  trabecul%  separating  the  maternal  blood-spaces. 
The  inner  surface  of  the  trophoblastic  capsule  prescnts  numerous  irrcguiar  depres- 
sions  into  which  corresponding  processes  of  the  adjacent  young  mesoblast  projecl ; 
this  arrangenient  foreshadows  the  formation  nf  the  chorionic  vlili  which  soon  become 
so  conspicuous  in  the  human  embryonic  vesicle.  Coincidently  Mith  the  tnvasion  of 
the  trophoblast  by  the  vascular  lacuna 


Fig.  53. 


H 
y 


externally  and  the  penetration  of  the 
mesoblastic  tissue  internallv.  the  pe 
ripheral  portions  of   the  ectoblas 
capsule    undergo    proliferation    and 
extend   more  deeply   into   the  su 
rounding  maternal  tissues.     fn  con 
sequence  of  the  rapid  gTowth  of  the 
embryonic  vesicle,  that  part  of  th 
hypertrophicd  uterine  mucosa  wh    h 
overlies    the    embedded    embrvon 
vesicle  soon   becomes  ele\'atcd  an 
projects  into  the  uterine  cavity,  th 
giving  rise  to  the  structure  described 
as  the  decidua  reflexa,  or,  prcferab 
the  (ii-eidiia  rapsiilaris. 

The  Decidua  Vera.  —  Th 
cliangcs  which  afTcct  the  uterine  mu 
cous   nuMiibruTK-,   the   decidua  ve  a 

rosult  in  gri;it  tliickening,  so  that  the  mucosa  oftcn  mc;isures  ncarly  a  centmietre  ; 
this  thiiktiiiiii,',  hotttver.  is  most  marked  in  the  immediate  vicinitv  of  the  embedded 
ovuni.  ilinnii;hiKit  tlie  greiutr  part  of  the  uterus  the  decidua  attaining  a  much  less 
conspicuous  hvpcrtrophv.  Toivards  the  cervix  the  mucosa  is  Icast  afiected,  and  at 
the  internal  nrilicc  of  the  ci-rvical  raiial  presents  its  nornial  appearancc.  Examina- 
lion  of  the  deci<lua  shows  ihat  the  normal  constituents  of  the  uterine  mucosa  undergo 
hypertrophy  \»hicli  rt-sulls  in  cnlargcmcnt  nf  the  uterine  glands  (  Fig.  54 ).  as  well 
as  in  increase  of  the  intcrvcning  rnmicTtivo-lissiic  stroma.  The  enlargement  of  the 
glands  is  not  uniform,  but  is  liniitcd  to  the  middie  and  terminal  or  deeper  parts  of 
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the  tubular  depressions  ;  thu  inner  poriions  oi  the  glands,  directed  toward^  the  sur- 
face  of  the  uterus,  become  elongated  and  lie  embedded  within  a  comparatively 
dense  inatnx.  in  consequence  of  these  changes,  the  decidua  in  the  vicinity  o(  the 
ovum,  where  the  hypertrophy  is  most  marked,  presents  in  section  two  strata,  an 
inner  compact  and  an  outer  spongy  byer.  The  ciliated  columnar  cpithelium  that 
normally  clothes  the  free  surface  of  the  uterus,  and  pcrhaps  also  the  uterine  glands, 
gradually  disappears,  the  degeneration  beginning  before  the  end  of  the  first  month. 
The  integrity  of  the  cells  lining  the  uterine  glands  is  maintaincd  ior  a  longer  period, 
but  the  glandular  epithdium  likeuise,  after  a  timt-.  suffers,  losing  its  columnar 
character  and  changing  to  small  cubical  or  fiattened  elements,  which,  after  appear- 
ing  as  shrunlcen  columns  during  the  fourth  and  fifth  months,  finally  disappear 
during  the  latter  half  of  gestation.  An  iniportant  exception,  however,  is  tobe  noted 
in  the  behavior  of  the  epithelium  lining  the  deeper  portion,  or  the  fundus,  of  the 
glands  next  the  muscular  tissue  ;  the  epithelium  situated  in  this  position  does  not 
participate  in  the  atrophic  changes  above  described,  but  retains  more  or  less  per- 
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lectly  its  nortnal  condition  to  the  close  of  pregnancy.  After  the  expu!sion  of  the 
decidual  portion  of  the  uterine  mucous  membrane,  the  epithelium  remaining  in  the 
fundus  of  the  glands  becomes  the  centre  of  regcneration  for  the  new  lining  of  the 
uterus. 

The  connective-tissue  elements  of  the  niatri.\  surrounding  the  glands,  especially 
in  the  compact  laver  in  the  vicinity  of  the  ovum,  undergo  active  prolileration,  in 
consequence  of  which  large  spherical  elements,  the  decidual  cells,  are  produced.  The 
latter,  from  .030  to  .040  millimetre  in  diameter,  in  places  are  so  densely  packed 
that  they  assume  the  appearance  of  epithelium  ;  although  most  tvpical  and  nu- 
merous  in  the  compact  layer,  thev  are,  nevertheless,  present  in  the  spongy  strajum, 
in  this  situation  being  more  elongated  and  lanceolate  in  form. 

The  decidua  vera  retains  this  general  character  during  the  first  half  of  preg- 
nancy  ;  from  this  time  on,  hovvever,  the  increasing  volume  of  the  uterine  contents 
subjects  the  decidua  to  undue  pressure,  in  consequence  of  which  the  hvpertrophied 
mucosa  undergoes  the  atrophic  changes  characteristic  of  the  so-callcd  second  stage. 
These  indude  a  gradual  reduction  in  the  thickncss  of  the  decidua  vera  from  nearly 
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one  centimetre  to  aboiit  two  niillimetrcs,  the  disappearance  of  the  ducts  and  open- 
ings  of  the  uterine  glands,  and  the  conversion  of  the  compact  layer  into  a  denijc 
homo(;encous  stratum,  in  which  the  tightly  compressed  |;lands  later  cntirely  disap- 
pear.  The  spongy  layer,  on  the  contrary,  retains  the  dilated  gland-lumina,  which, 
however,  in  conse(|uencc  of  pressure,  are  con\'erted  into  irregular  spaces  arranged 
with  their  longest  dimensions  parallel  to  the  uterine  surface.     The  clefts  nest  the 


Fig.  55- 


muscular  tissue  are  clothed  (vith  H-ell-preserved  ej>ithehuni  ;   the  lining  cells  of  ihose 
towards  the  compact  layer,  on  the  contrary,  early  atrophy  and  disappear. 

The  Decidua  Placentalia.— Thedeciduaplacentahs,  orrff«i/«fl  jcto/im«,  being 
destined  to  contribute  the  niatenial  jKiriion  of  the  jilacenta,  undergocs  profound 
changes  which  particularly  affect  the  blood-vesscls  of  the  mucosa.  In  addition  to 
the  initial  general  hypertrophy  of  the  mucous  membrane,  vvhich  the  placental  dccichia 
shares  in  common  with  other  parts  of  the  uterine  lining,  pecuiiar  polynnclcated  ele- 

the  giant  cells. 


Fig.  56. 


their  appearance during  the  fifth 
month  ;  by  the  end  nt  preg- 
nancv  they  are  found  in  large 
nunibers  within  the  basal  plate 
and  the  septa  of  the  placenta, 
ahhoiigh  they  are  not  wanting 
uitbin  the  remains  of  the  spongv 
layer.  The  giant  cells  are  par- 
ticularly  numerotis  in  the  ini- 
mediate  vicinity  of  the  large 
blood-vessels.  The  relations 
between  the  ingrowing  f  četa  I 
trophoblastic  tissue  and  the  ma- 
ternal  structures  early  become 
so  intimate  within  the  placental 
area  that  especial  modifications 
are  instituted  destined  fnr  the  production  of  the  vascular  arrangcment  by  which  the  ■ 
maternal  and  firtal  blood-strcanis  are  brought  into  close  relations. 

The  prolifirating  trophoblastic  ti«ue  invades  the  stroma  of  the  mucous  mem- 
brane and  cncrnachcs  upon  the  capillarics  imtil  the  latter  in  places  become  ruptiired, 
aIlowing  the  osoai>e  ol  the  maternal  blood.  which  thiis  is  brought  into  dirert  contact 
with  the  trophoblast.  The  erosion  eflected  by  the  blood.  on  ibe  one  hand,  and  ihe 
cncroachment  of  the  fcetal  nicsoblast,  on  the  other,  gradiially  reduccs  the  tropho- 
blastic stratum.  which  is  broken  up  into  narrow  cpithelial  traljeculs  separating  the 
rapid!y  enlarging  vascular  lacunae,  the  primary  rcpresentatives  of  the  Intervillous 
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matemal  blood-spaces  of  the  placenta.  The  aciive  outgrowth  of  the  mesoblastic 
tissue  of  the  chorion  mto  the  trophoblastic  envelope  results  in  the  production  of  the 
characteristic  villous  condition  distinguishing  the  early  human  embryonic  vesicie. 

\Vhen  sectioned,  the  well-developed  chorionic  vilii  are  seen  to  be  composed  of 
two  f>ortions,  (a)  the  central  core  of  gelatinous  conneclive  tissue,  containing  nu- 
merous  steliate  cells  and  blood-vessels,  repre- 

sentlng  the  foetal  mesoblast,  and  (i)  the  epi-  I'ig-  57- 

thehal  covering  derived  from  the  Irophoblast, 
The  investment  of  the  villi  consists  of  two 
lavers, — an  innerstratuni,  next  the  connective- 
tissue  core,  composed  of  low,  dislinctly  ont- 
lined  polyhedral  cells,  the  chorionic  epilhe- 
lium,  and  an  outer  stratum.  the  syncylijtm. 
composed  of  an  apparcntly  continuous  proto- 
plasmic  layer,  in  which  nuclei  are  visible,  but 
defimte  celi  boundaries  are  wanting.  Irregu- 
Iarly  distributed  aggregations  of  nuclei,  or 
cell-patches  (Fig.  56),  form  slight  elevations 
on  the  surface  of  the  villi.  The  derivation 
of  the  outer  layer.  or  syncytium,  has  been 
the  subject  of  much  discussion  ;  its  close  rela- 
tion  to  the  matemal  blood-spaces  suggested  a 
matemal  origin  to  some  investigators,  while 
othere  regard  it  as  a  fostal  production.  The 
observations  of  Peters  on  the  \'ery  early  human 
ovum,  already  mentioned,  conclusively  shosv 
the  correctness  of  the  latter  vie\v,  and  ihat 

the  syncytium  is  formed  by  the  transformation  of  the  trophoblast  next  the  vascular 
lacunx  (Fig-  58)  ;  the  syncytium,  as  well  as  the  remaining  parts  of  the  villi  of  the 
chorion,  therefore,  is  ol  fcetal  origin.  The  epithelium  covering  the  villi  of  the  p!a- 
cental  area  early  evinces  a  tendency  towards  regression,  and  by  the  fourth  month 
esists  onIy  as  tsolated  patches  ;  during  the  later  slages,  and  particular!y  on  the 
!arger  villi,  the  laver  ol  chorionic  epithelium  disappears,  the  syncytium  remaining 
35  the  šole  attenuated  covering  of  the  connective- tissue  core  of  the  villi.  In  certaitl 
parts  of  its  extent,  especia!ly  where  it  covers  the  chorion  and  the  decidua  scrotina, 
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as  well  as  upon  some  of  the  villi,  the  syncytium  undergoes  dcgeneration  and  is 
replaced  by  a  peculiar  layer  of  hvaline  retracting  material  known  as  randlized 
fitrin. 

The  Placenta. — The  placenta  oonstitutes.  from  the  third  month  of  intra- 
uterine  life,  the  nutritive  and  respiralory  organ  of  the  fcetus.  As  seen  at  birth,  it  is 
ol  irregular  discoidat  form,  concavo-convex  in  section.  and  measures  from  fourleen 
to  eighteen  centimetres  in  diameter  and  from  three  to  fnur  centimetres  in  thickness. 
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Its  ci>nvex  i.'xleriial  or  uterine  surface  is  rough,  owing  to  the  separalion  troiii  ihe 
deeper  part  of  the  lining  of  the  uterus  which  has  taken  plače  at  the  termination  of 
labor.  This  surface,  moreover,  prcsents  a  number  of  divisions,  the  cotyledoHS,  de- 
fined  by  deep  fissures.  The  inner  or  (oetal  surface  is  smooth,  beiiig  covered  by  the 
amnion,  and  slightly  concave.  The  weight  of  the  (ully  developed  placenta  averages 
about  5CX3  grammes. 

The  position  of  the  placenta  is  determined,  evidenlly.  by  the  point  at  which  the 
ovum  forms  its  attachment  with  the  maternal  tissues  ;  in  the  majority  of  cases  this 
locacion  is  at  the  fundus  of  the  uterus  in  the  vicinitv  of  the  oviduct.  right  or  left, 
the  oritice  of  which  becomes  occluded  by  the  expansion  of  the  placental  structures. 
Less  frequenlly  the  placenta  occupies  the  more  dependent  portions  of  the  uterine 
wall  and,  in  eKceptional  cases,  its  position  is  in  the  itnmediate  vicinityof  the  intenial 
mouth  of  the  uterus  ;  in  these  latter  cases  the  placenta  may  partially,  or  even  com- 
pletely,  grow  over  the  latter  opening,  thus  constituting  the  grave  condition  known  as 
placenta  preevia.     The  general  constitution  of  the  placenta  (Fig.  59),  as  consisting 


of  the  foetal  and  the  maternal  portions,  has  already  been  sketched  ;  it  now  remains  to 
consider  briefly  the  arrangenient  of  these  structures. 

The  fatal  portion  of  the  placenta,  the  contribution  of  the  chorion  frondosum, 
soon  becomes  a  mass  of  richly  branching  villi,  the  more  robust  main  stalks  of  which 
are  attached  to  the  maternal  tissue,  »hile  the  smaller  sccondary  ramifications  are 
free,  completely  surrounded  by  the  contents  of  the  maternal  blood-sinuses  in  which 
lhey  float.  In  ali  cases  the  villous  processes  support  the  terminal  loops  of  the  fcetal 
hloodvessils.  the  blood  ln.ing  conveved  to  and  from  the  placenta,  along  the  umbil- 
iral  cord.  Iiv  th<.-  unibilical  artcries  and  vcin.  Allliough  coming  into  close  relatJon, 
the  svncviium  and  the  nieagre  connective  tissue  surrounding  the  foetal  capillaries 
alone  intervcning,  the  blootl-streams  of  the  molher  and  of  the  child  ncver  actually 
mim^de  ;  the  delicate  septum.  ho\vrvrr.  allows  the  free  intcrchangeof  gases  necessary 
for  the  respiratory  function  as  mcU  as  the  passage  ol  nutritive  substances  into  the 
fcetal  circulation. 
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The  maUrnal poriioji  vi\  the  placenta  is  contribuleil  by  thai  portiim  of  the  uierine 
mucous  membrane  known  as  the  decidua  serotina  ;  its  especial  peculiarities  consist 
in  the  intervilloiia  blood-spaces,  whii;h  may  be  rtgarded  as  derivations  froni  the 
eroded  maternal  blood-vessels.  As  alreadv  described.  the  trophoblast  and  maternal 
tissues  early  come  into  close  relatioii,  aiid  the  capillary  blood-vessels  are  opened  by 
ihe  invaston  ol  the  fietal  tissue,  «'hich  lattcr,  in  turn,  is  eroded  and  channelled  out 
by  the  maternal  blood  which  escapes  upon  the  rupture  of  the  blood-vessels  ol  the 
mucosa.  The  extension  of  ihe  blood-spaces  ihus  orij^inatinfj  constitutes  the  elaborate 
svstem  of  vascular  lacunae,  or  intervUlous  spaces,  [orming  so  conspicuous  a  part  of 
the  lullv  developed  placenta. 

In  its  earlier  changes  the  decidua  scrotina  closely  resemblcs  the  decidua  vera, 
preseniing  an  inner  compact  and  an  o<itcr  spongv  layer  ;  by  the  middic  of  preg- 
nancv.  ho\vever,  the  previously  eiiiarged  glands  have  entirely  disappeared  in  conse- 
quence  oi  the  atrophy  induced  by  the  increasing  pressure  caused  by  the  augmenting 
volume  ol  the  uterine  contents.     When  the  placenta  is  detached  from  the  uterus  the 


Sectlon  ol  placenta  and  u1 


line  ol  separation  passes  through  the  jimction  of  the  former  spongv  and  compact 
lavers  ;  according  to  Webster,  however,  the  separation  occurs  in  the  compact  laver. 
The  condensed  decidual  tissue  closing  in  the  vascular  lacunn.  on  the  one  hand.  and 
CGvering  the  surface  ol  separation,  on  the  other,  constitutes  t\\e  basa/  filale.  The 
latter  is  continued  deeplv  within  the  placenta  by  con  nect  i  ve -tissue  portions,  the  sepfa 
placenta,  which  e.ttend  betnecn  the  groups  o(  chorionic  villi,  forming  the  cotyledons 
vbible  on  the  outer  surface  of  the  placenta  as  irregular  lobules  separated  by  deep 
iurrows.  These  septa  do  not  reach  as  far  as  the  chnrinn  except  at  the  margin  of  the 
placenta.  where  they  lorm  a  thin  membranous  shect  beneath  the  chorion.  the  subchc- 
rionie  oceluding  plate  ol  Waldcyer.  I.arpe,  round,  multinncleatcd  clements,  the 
giant  celh.  measuring  from  .04  to  .oS  millimetre  in  diameter,  are  present  within  the 
tissue  of  the  maternal  placenta.  especiallv  within  the  basal  plate  and  the  septa.  At 
the  margin  the  placental  tissue  becomes  directlv  continuous  ivith  the  f<clal  niem- 
branes.  the  chorion  and  the  decidua  heing  cjoselv  united. 

The  numerous  branchcsof  the  arteries  supplving  the  uterus  picrce  the  muscular 
tunic  and  gain  the  basal  plate  :  here  the  arteriai  vesscis  lose  thcir  muscular  coat  and 
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penetrate  the  placental  septa  as  spirally  directed  channels  of  enlai^ed  calibre  bounded 
by  endothelial  walls.     After  a  shorter  or  longer  course  within  the  septa,  the  arterial 


Uunks  open  directiv  inio  the  intcrvillous  or  intraplacental  blood-spaces  wliich  are 
limited  b/  the  chorion  and  the  villi  on  the  one  side  and  by  the  septa  and  basal  plate 
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on  the  other.  Maternal  capillaries  are  wanting  within  the  piacenta,  since  they  have 
become  early  replaced  by  the  intervillous  lacunae.  The  maternal  blood  is  carried 
away  froni  these  spaces  by  wide  venous  channels  which  pass  directly  from  the  lacunse 
through  the  placental  septa  inio  the  basal  plate,  where  they  form  net-works  from  whicb 
proceed  the  larger  venous  trunks.  At  the  edge  of  the  piacenta  the  anastomosing  cav- 
emous  spaces  form  an  annuiar  series  of  intercommunlcating  venous  channels  known 
collectively  as  the  mar ginal sinus,  into  which  empty  numcrous  placental  veins,  on  the 
one  hand,  and  from  which,  on  the  other,  pass  tributaries  to  the  larger  veins  of  the 
uterus. 


The  Umbilical  Cord. — The  umbilical  cord,  ax  /uniculus  umbilkaiis,  which 
connects  the  body  of  the  fcetus  with  the  piacenta,  therebv  conveying  the  foetal  blood 
to  and  from  the  respiratorv  and  nutritive  apparatus,  is  formed  in  consequence 
of  the  fusion  of  three  originallv  distinct  struciures, — the  f)elly-stalk,  the  vitelline 
stalk,  and  the  amnion.  The  tirst  of  these,  in  addition  to  forming  the  early  attach- 
ment  of  the  fcetus  to  the  chorion,  supports  the  rudimentary  atlantoic  canal  aiid  the 
allantoic,  later  umbilical,  blood -vessels.  The  vitelline  stalk  encloses  the  diminish- 
ing  vitelline  duct  and  the  remains  of  the  vitelline  blood- vessels.  while  surrounding 
thcse  staiks  the  amniotic  sheath  gradually  becomes  more  closely  applied.     These 
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three  constitiients  of  the  cord  lie  embedded  within  the  delicate  stroma  formed  by 
the  gclatinous  connective  tissue,  \,hQJeily  o/  lVhario?ty  surrounded  externally  by  the 
common  amniotic  investment. 

The  details  of  the  cord  must  necessarily  vary  with  the  period  of  gestation, 
since  the  component  structures  undergo  marked  changes.  On  section  of  the  funic- 
ulus  at  the  end  of  pregnancy,  the  foUovving  features  may  usually  be  distinguished  : 

( 1 )  The  amniotic  sheath,  vvhich  is  closely  united  with  the  underlying  connective 
tissue,  except  for  a  short  distance  beyond  the  umbilical  opening,  at  which  point  the 
amnion  may  be  separated  as  a  distinct  layer. 

(2)  'Yhe  jei/y  of  IVfiarton  forms  the  common  ground-substance  in  \vhich  the 
remaining  constituents  of  the  cord  he  embedded.  This  tissue  corresponds  to  the 
mucoid  type,  and  contains  a  generous  distribution  of  stellate  connective- tissue  cells 
vvhich  form  a  reticulum  by  their  anastomosing  processes. 

(3)  The  umbilical  blood-vessels — two  arteries  and  one  vein — are  the  most  con- 
spicuous  components  of  the  cord,  since  their  size  increases  with  the  demands  made  by 
the  growing  foetus.  The  markedly  tortuous  umbilical  arteries  usually  entvvine  the  single 
umbilical  vein  and  slightly  increase  in  lumen  in  their  progress  towards  the  placenta, 
in  the  immediate  vicinity  of  \vhich  an  anastomosis  very  constantly  is  to  be  found. 
Seldom  in  man,  but  al\vays  in  certain  mammals,  as  the  mouse,  the  umbilical  arterv  is 
single.     According  to  His,  even  the  youngest  human  cords  possess  only  a  single 

umbiHcal  vein,  except  in  the  immediate  vi- 

Pj^  ^  cinity  of  the  placenta  ;  again,  on  entering 

imbiiicai vein  ^^  body  of  the  fcetus  the  single  vessel  is 

o .      ,       represented  by  two  umbilical  veins  which, 

Kemains  of  f^  .  J  •  1  •         1  1    1         •       t 

/  -^     aiiantoic  for  a  time,   course  withm  the  abdominal 

.  "^^  wall.     The  right  vein,  however,  soon  un- 

dergoes  atrophy,  while  the  left  takes  part 
in  the  formation  of  the  hepatic  circulation. 
Vi"^        Ul      i  Valves  have  been  described  within  the  um- 

bilical vein.      The  latter  shares  with  the 
Umbilical     pulmonary  vein  the  distinction  of  conveying 
^  \.  aricry       blood  which  has  been  oxygenated  by  respi- 

"  -- \-->^  "'  Remains  of  vitelHne  '•atOry  function. 

<i"ct  and  vcsseu  (4)  The  allantoic  dud,  as  a  distinct 

ro  I  ica  artcr>  canal,   is  usually  obliterated  by  the  third 

Tran.vcrsescclionofumbnicalcordoflhirdmomh.        n^^^th    of    fcetai     life  ;     at     birth,     however, 

atrophic  remains,  consisting  of  a  narrow 
column  of  epithelial  cells  situated  hetween  the  umbilical  blood-vessels,  are  seen  in 
sections  of  the  cord  taken  from  the  vicinity  of  the  navel. 

The  stalk  of  the  vitelline  sac,  or  umbilical  vesicle,  enclosing  the  vitclline  duct 
and  supporting  the  vitelline,  or  omphalomesenteric,  blood-vessels,  is  stili  present 
during  the  second  month  ;  at  this  period  it  lies  within  the  extension  of  the  coelom, 
\vhich  is  continued  into  the  young  cord.  \Vith  the  earlv  disappearance  of  this  space 
the  vitelline  stalk  and  the  associated  structures  disappear,  and  by  the  end  of  gesta- 
tion  usuallv  aH  traces  of  these  structures  have  vanished  from  the  cord.  The  most 
conspicuous  details  of  the  umbilical  cord  at  birth,  therefore,  are  the  three  umbilical 
vessels,  embedded  \vithin  the  gclatinous  connective  tissue  and  invested  by  the  sheath 
of  anuiion. 

The  human  umbilical  cord  is  conspicuous  on  account  of  its  exceptional  length, 
which  averages  from  fiftv  to  sixty  centi metres,  vvhile  measuring  only  about  twelve 
millimetres  in  thickness.  The  extremes  of  length  include  a  wide  range,  varving  from 
twelve  to  160  centimetres  ( four  and  three-quarters  to  si.\ty-three  inches). 

The  cord  almost  constantlv  exhihits  a  torsion,  the  spirals  passing  from  left  to 
right  when  traced  tovvards  the  placenta.  In  addition  to  the  general  twisting  of  the 
cord,  which  begins  to\vards  the  close  of  the  second  month,  the  umbilical  arteries 
displav  even  more  marked  s|)iral  \vindings,  usuallv  enclosing  the  somevvhat  less 
twisted  umbilical  vein.  The  cause  of  this  conspicuous  torsion  is  probably  to  be 
sought  in  the  spiral  grouth  of  the  umbilical  blood-vessels,  the  tvvisting  of  the  cord, 
as  well  ;is  the  revolutions  of  the  foetus,  being  secondarv. 
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While  ihe  attachment  o(  the  cord  usual]y  is  sJtuaied  near  the  middle  of  the 
pUcenu.  it  is  seldom  exactly  central  ;  the  insertion  is  subject  Xo  great  variation, 
hovever,  llie  eccentricity  sotnetimes  being  so  great  that  the  cord  is  fixed  to  the 
periphery  of  the  placenta.  such  disposition  coastituting  inser/io  tnargina/is.  Among 
the  more  exceptional  variations  in  the  armngement  of  the  cord  are  the  cleft  and  the 
extraplacental  attachment  known  respectively  as  insertio  furcala  and  insertio  vela- 
mentosa.  In  the  former  condition,  where  the  cord  divides  before  reaching  the  pla- 
centa,  cach  limb  conveys  one  of  the  umbilical  arteries  and  a  branch  of  the  umbilicat 
vein.     When  the  insertion  of  the 

cord  is  into  the  chorion  entirely  p,(,  ^^ 

outside  the  placental  area,  in  ex- 
ceptional  cases  being  as  far  re- 
moved  as  the  opposite  pole  of  the 
membranous  ca  psu  le,  the  umbilical 
vessels  course  within  the  non-vil- 
lous  portions  of  the  chorion  until 
they  reach  the  fcetal  placenta.  In 
addition  to  the  true  knots,  which 
often  occur  and  are  due  to  the 
excursions  of  the  fcetus,  the  um- 
bilical cord  sometimes  presen  ts 
nodular  thickenings  and  irregular 
constrictions,  as  well  as  projections 
formed  by  loops  and  varicosities  of 
the  blood- vessels. 

The  After-Birth.— The  ex- 
pulsion  of  the  child  through  the 
rupture  in  the  enveloping  mem- 
branes.  which  is  produced  by  the 
powerful  contractions  of  the  uterine 
muscle  at  the  close  of  pregnancy. 


It  pr*gnanc>-. 


followed,  ; 


a  short  interval,  by  the  separa- 
tion  and  expulsion  of  the  "alter-birth  ;"  under  this  term  are  included  the  placenta 
and  the  enveloping  membranes.  The  latter.  as  will  be  understood  from  the  fore- 
going  consideration  of  the  encapsulalion  of  the  fu;tus,  consist  of  three  chief  constit- 


uents, — the  remains  of  the  decidui 
undergoes  complete  absorption. 
the  modified  uterine  mucosa.  th 
studded  with  shreds  of  uterine  t 


chorion,  and  the  amnion  ;  the  refJexa 
le  decidua  represents  the  shed  portion  of 
irface  of  the  aftcr-birth  appears  rough  and 
:  inner  surface  of  the  decidua  is  so  closely 
lused  ttith  the  adjacent  cho- 
rion by  means  of  delicate 
connective  tissue  that  only 
a  limited  and  uncertain 
separation  is  possible.  The 
amnion,  on  the  other  hand, 
although  attached  to  the 
-~  ■  chorion  by  bands  of  connec- 
'  tive  tissue,  may  be  pecled 

srction  ihfough  iu:ui  mfnibriM.^^:,Md^ijru.  si  ,„d  „,  prci:™iK>,  ^jj  ^j^^  chorion  wirh  rclative 

ease,  since  the  union  be- 
tween  the  (wo  membranes  is  never  firm.  The  inner  ectoblastic  surface  of  the 
amnion  in  contact  with  the  fcetus  is  smooth  and  bathed  in  the  liquor  amnii.  The 
cxtemal  and  unshed  portion  of  the  modified  uterine  mucosa  contains  the  incon- 
spicuous  remains  of  the  epithelium  lining  the  fundus  of  the  gl.inds  i  these  elements 
are  of  the  utmost  importance  for  the  regeneration  of  the  glandular  and  epithelial 
tissues  of  the  new  uterine  mucous  membrane,  since  the  reparation  of  these  struc- 
tures,  nhich  is  efiected  within  a  iew  weeks  alter  labor,  begins  in  the  proliferation  of 
the  deeper  glandular  epithelium,  which  remains  throughout  pregnancy  as  the  latent 
source  of  sub5equent  repair. 
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DEVELOPMENT   OF   THE   GENERAL   BODY-FORM. 

In  considcring  the  evolution  of  the  estcrnal  (orm  of  the  human  product  of  con- 
ception,  it  is  convenicnt  to  recognize  the  tliree  devclopniental  epochs  suggested  by 
His, — the  stage  of  ihe  ovum,  the  stage  of  the  etnbrj-o,  and  the  stage  of  ihe  fcetus. 

The  Stage  of  the  Blastodermic  Vesicle. — This  stage,  or  the  slage  of  Ihe 
ovum,  embraces  the  first  two  weeks  of  intra-uterine  life,  during  which  the  initial  phases 
of  developtnent,  including  fertilization,  segmenta  ti  on,  and  the  formation  of  the  blasto- 
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dermic  vesicle,  are  completed.  and  the  fund^imental  processes  resulting  in  the  differ- 
entiation  of  the  inedullary  tube,  the  notochord,  the  somites,  and  the  mesoblastic  plates 
are  begun.  The  early  deCaits  of  inany  of  these  processes  have  never  been  observed 
in  man,  but  there  is  little  reason  to  doubt  thac  in  its  essential  fcatures  the  early  human 
embryo  closeIy  follows  the  changes  directly  oltterved  in  other  mammals. 

The  Stage  of  the  Embryo.  — The  siage  of  the  embr>'o.  from  the  sccond  to 

the   fifth   week,    is   distin- 
P""'-  67-  guished  by  the  formation  of 

organs  essentially  embry- 
onic  and  transient  in  char- 
acter,  as  the  somites,  the 
notochord,  the  Wolflian 
body,  and  the  visceral 
arches. 

The  earliest  phase  in 
iohtiIik:!  the   differentiation    of    the 

vertebrate  lx>dy-form  con^ 
lA/tri  Sfirt )  sists  in  the  establishment  of 
a  dorsal  tube  by  the  appo- 
sition  and  fusion  of  the  ectolilastic  medullarv  folds.  and  a  ventrai  tube  by  the  approxi- 
mation  and  final  union  of  the  folds  directly  derived  from  the  soniatopleura.  The 
dorsal,  or  animai,  tul>e  reprcsents  the  early  neural  canal,  and  becomes  the  greai 
cerebro-spinal  nervous  axis  ;  the  vrntral.  or  vcgetative.  tube,  formed  by  the  ventrai 
extension  and  approximalion  of  the  somatopleura.  constitutes  the  body-cavity,  and 
encloscs  the  primary  gut  and  the  associated  thoracic  and  abdominal  viscera,  and  the 
vascular  system.     The  primiiive  gut-Cube  originaies  by  the  delimitation  of  a  part  of 


Stctlon  of  pcKcdin«  rmbri 
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the  vitelline  sac  accomplished  by  the  ventral  approximation  of  the  splanchnopleura, 

and  for  a  tirne  maintains  a  wide  communication  with  the  remains  of  the  yolk-cavity. 

The  early  embryo,  lying  flatly  expanded  upon  the  blastodermic  vesicle,  becomes 

differentiated  in  form  by  the  appearance  of  head-  and  tail-grooves,  in  consequence  of 
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which  constriction  the  cephalic  and  the  caiidal  poles  of  the  body  become  defined  and 
partially  separated  from  the  embrvonal  area  ;  ihe  middle  segment,  ho\vever,  em- 
bracing  the  widely  open  gut-tract,  for  a  tirne  remains  closely  blended  \vith  the  vitel- 
line sac,  of  which,  at  first,  the  embryo  appears  as  an  api>endage  (Fig.  68,  i  and  2). 
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Tht.'  more  complete  diRerentiation  of  the  digestive  tube  and  the  ventral  folding  in  o( 
thf  lxxly-»alls  chaiige  this  relation,  the  rapidly  decreasing  umbilical  vesicle  soon 
becoining  secoiidary  to  the  enibryo. 

At  the  ciose  of  the  stage  ol  Ihe  vesicle — about  the  fiiteenth  day— the  human 
embryo  possesses  a  general  cyliiidrical  body-lorin,  the  dilated  cephalic  pole  being 
(ree.  whiie  the  belly-slaik  attaches  the  caudal  segment  to  the  chorion  ;  the  amniotic 
sac  invesls  the  dorsal  aspect,  the  lai^e  umbilical  vesicle  occupying  the  greater  part 

of  the  ventral  surlace.     Human 

Fig.  69.  embryos  of  the  fourteenth  and 

Oiicvukle  Sccond  viscenil  trcta       fifleenth  days  (Fig.  68,  3  and  4) 

Ceph»iie  fleiurt --__,  '    .     '  are  distinguished  by  a  conspicu- 

ons  flexure  opposite  the  attach- 

ment  of  the  umbilical  vesicle,  the 

Mi»lbry  |>iDccss     — -^     \  ^T^ — s^ -Fuurih  iisctrai     conve.xity   fjcing  directed  ven- 

trally,  the  deep  corresponding 
concavity  producing  a  marked 
change  of  profile  in  the  dorsal 
o  u  ti  i  ne.  During  these  changes 
the  e.tpansion  of  the  cerebral 
Lovfrriir.ib^hu,)  '    \  'N^,^^™'^  j  segmcnts  outlines  the  three  pri- 

marv  divisions  of  the  cephalic 
""'  portion  of  the  neural  tube.  the 

Humn  cmbi^o  □!  aboul  IKcnlrlhicedavi,  drawn  from  Ihc  model         '^    ,      ■  •  ■•,,  >     .1. 

■jI  H  i  I.    y  10.  aiilerior,    the    mtddle.    and    the 

posterior  brain-vesicles. 
A  little  later  a  scries  of  conspicuous  bars,  the  fisceral  arches,  appears  as  ob- 
liqiiely  directed  parallel  ridges  on  either  side  of  the  head.  immediately  above  the 
prominent  heart-tube,  »hich  is  now  undergoing  marked  torsion,      By  the  nineteenth 
day  the  dorsal  concavity.  which  is  peculiar  to  the  human  embryo,  has  entirelv  disap- 
peared,  the  profile  of  this  part  ol  the  embryo  presenting  a  gentle  convexity  ;  the 
cephalic  asis,  however,  cxhibits  a  marked  bend,  the  cephalic  fie.vtire,  in  the  vicinity 
of  the  middle  cerebrnl  vesi- 
cle, in  consequence  of  »hich  pi^  ■J^,_ 
the  axis  of  the  anterior  cere-                                            ^-^^  vesidc        rmical  flemre 
bral  segment  lies  almosi  at  /  y^oiid  m«™!  «tch 
right  angles  to  that  of  the                                         -  "          '       - 
middle  vesicle.      The  com- 
pletion    of    the    ihird    week 
finds  the   characteristic  de- 
tails  of  the  cephalic  end  of 
the   embryo.    the   cerebral, 

)tic.  and  the  otic  vesi- 

md  the  visceral  arches 
and  intervening  furrows  wcll 
advanced,  »iih  correspond- 
ing definiiion  of  the  primitive 
heart  an<l  the  umbilical  stalk 
and  vesicle.     Thelimb-buds  ;■     |f  -.^ 

usuallv    appear   about    this  Lowir umb-buj^  'O-' 

time.  thosc  of  the  upper  cx-  '  1  ^'-^ 

tremitV     slighllv     preCCtling       Hum.nembr>ool  .bom  l*emy  r.v*  djv,.<lrjwn  (romth.mod.lol  Hi«. 

those  of  the  lower.  ■■  "* 

The  period  between  the 
twentyfir^t  and  the  twenty-lhird  day»  nitnesses  remarkable  changes  in  the  general 
appearance  ()f  the  embrvo  ;  in  addition  to  greater  prominence  of  the  visceral  arches, 
the  cerebral  segments,  and  the  limb-buds,  the  embryonic  a.\is,  w-hich.  with  the 
exception9  alrea<ly  noted.  up  to  this  time  is  only  slightiy  curved,  now  undei^oes 
flesion  to  such  extent  that  by  the  tuentv-third  dav  the  overlapping  cephalic  and 
caudal  ends  of  the  cnibr>-o  are  in  clnsc  apposition,  the  body-axis  describing  rather 
more  than  a  complete  circle  (Fig.  69). 


the  optic.  and  the  otic  vesi-  oi(atiory  pii  /    JT"      Ij 


/ 


THE  VISCERAL   ARCHES   AND   FURROWS.  59 

From  the  twenty-third  to  the  tw'enty-ei}jhth  day  the  excessive  tlexiun  gradua]ly 
disappears,  owiiig  to  the  increased  volume  of  the  heart  and  the  growth  of  the  head, 
and  by  the  end  of  the  fourth  week  the  embryo  has  acquired  the  most  characteristic 
developinent  of  the  embryonic  stage  (Fig.  71).  The  reduction  in  the  curvature 
of  the  body-axis  and  the  consequent  separation  of  its  poles  and  the  raising  of  the  head 
are  accompanied  by  the  appearance  of  four  well-marked  axial  fIexions,  the  cephalie, 
the  cervica/,  the  dorsa/,  and  the  scural  flexures  {y\%.  71).  The  lirst  of  these,  the 
cephalic,  is  an  accentuation  of  the  primary  f1exure,  which  is  seen  as  early  as  the 
eighteenth  day,  and  is  indicated  by  the  projection  of  the  midbrain  ;  it  corresponds 
in  position  to  the  future  sella  turcica,  The  second  and  very  conspicuous  bend,  the 
cervical  tlexure,  marks  the  caudal  limit  of  the  cephalic  portioii  of  the  neural  axis, 
and  agrees  in  position  with  the  subsequent  upper  cervical  region.  The  dorsal  and 
sacral  flexures  are  less  well  defined,  the  former  being  situated  opposite  the  upper 
limb-bud,  where  the  cen-ical  and  dorsal  series  of  somites  join,  the  lattcr,  near  the 
lo*er  hmb-bud,  corresponding  with  the  junction  o(  the  tumbar  and  sacraf  somites. 

The  cephalic  segment  at  this  stage  presents  numerous  prominent  details.  the 


Fig.  71. 


9«:ondary  cerebral  vesicles,  the  forebrain,  tho  interbrain,  the  midbrain,  the  hind- 
brain.  and  the  after-brain.  the  visceral  arches  and  furrovvs,  the  optic  and  otic  vesicles, 
the  olfactorv  pits.  aiui  the  primitive  oral  cavitv  ali  being  conspicuous.  The  heart  ap- 
pcars  as  a  largc  protrosion,  occupviug  the  upper  half  of  the  ventral  body-wall,  on 
»'hich  the  primarv  aurtcular  and  ventricular  divisions  are  dislinguishablc.  The  somites 
form  a  conspicuous  longitudinal  series  of  paraxial  quadrate  areas,  about  thirty-seven 
in  number  ;  thev  correspond  to  the  intervertobral  muscles,  and  niav  lxr  grouped  to 
accord  »ith  the  primarv  spinal  nerves,  being.  thereforc,  distinguished  as  oight  cer- 
vical, tvielve  dorsal,  five  lumbar.  fivc  sacral,  and  fivo  or  more  coccygeal  somites. 

THE  VISCERAL  ARCHES  AND  FURRO\VS. 
Since  the  visceral  arches  are  best  developed  in  the  human  embrvo  during  the 
last  half  of  the  third  week.  a  briof  considcration  of  these  structurea  in  this  plače  is 
appropriate.  The  visceral  archcs  in  mammalian  cmbrvos  constitutc  a  series  of  five 
parallel  liars  separated  by  iniervening  lurmus,  obliquely  placed  on  the  ventro-lateral 
aspect  of  the  cephalic  segment,  occupying  the  region  which  later  becomes  the 
neck.    They  represent.  in  nidimentarj-  development,  the  important  branchial  or  gill- 
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apparatus  of  water-breathing  vertebrates,  in  which  the  respiratory  function  is  per- 
formed  by  means  of  the  rich  vascular  fringes  lining  the  clefts  through  which 
the  water  passes,  thus  permitling  the  exchange  between  the  oxygen  of  the  water 
and  the  carbon  dioxide  of  the  blood.  Each  arch  is  supplied  by  a  blood-vessel,  or 
aortic  bow,  vvhich  passes  from  the  main  ventral  stem,  the  truncus  arteriosus,  through 
the  substance  of  the  visceral  arch  backward  to  unite  with  the  similar  bows  to  form 
the  dorsal  aorta.  In  aquatic  vertebrates  the  aortic  bows  supply  an  elaborate  system 
of  secondary  branchial  twigs,  which  form  rich  capillary  plexuses  within  the  gills  ;  in 
air-breathing  vertebrates,  however,  in  vvhich  these  structures  are  only  rudimen- 
tary,  the  main  stems,  the  aortic  boNvs,  are  alone  represented.  With  the  loss  of  func- 
tion which  follows  the  acquisition  of  aerial  respiration  in  the  higher  vertebrates,  the 
number  of  visceral  arches  is  reduced  from  six,  or  even  seven,  as  seen  in  fishes,  to 
five,  the  fifth  arch  in  man,  however,  being  so  blended  with  the  surrounding  struc- 
tures that  it  is  not  visible  externally  as  a  distinct  bar.  In  their  condition  of  great- 
est  perfection,  as  in  fishes,  each  visceral  arch  contributes  an  osseous  bar,  which 
forms  part  of  the  branchial  skeleton  ;  these  bony  bars  are  represented  in  man  and 
mammals  by  cartilaginous  rods,  which  temporarily  occupy  the  upper  arches,  for  the 
most  part  entirely  disappearing.  When  viewed  in  frontal  section  (Fig.  73),  the 
mammalian  visceral  arches  are  seen  as  mesodermic  cylinders  imperfectly  separated 
by  external  and  internal  grooves,  the  visceral  furrows  and  the  phary7igeal  pouches 
respectively  ;  this  arrangement  emphasizes  another  modification  following  loss  of 
function. — namely,  the  conversion  of  the  true  visceral  clefts  of  the  lower  forms  into 

furrows, — since  in  man  and  mammals  the 
Fig.  72.  fissures  are  closed  by  the  occluding  mem- 

brane formed  by  the  apposition  of  the 
ectoblast  and  the  entoblast  at  the  bottom 
of  the  outer  and  inner  furrows. 
Maxnur\  li    w_/  T  '^^^  First  or  Mandibular  Arch 

procesš—Vi^ll^-     š     ^  j\        s   ond  arch     ^^^^V  bccomes  dififcrentiated  into  a  short 

oSi'Si'luy ^'  /^'felThJrd  arch       "PP^^  ^^  maxUlary  process  and  a  longer 

Mandibular—    — "^^^.^  '^ ^    \^  \ov,'Qr  ov  manatoular process.    The  maxil- 

process  Tjn.     \r  -  ■■*   jI  Fourth  arch       .  •  '  •  »    •      r  n 

^      ▼       -m  J*.  ]^j.y  process,  m  conjunction  with  its  lellow 

are         ^j  ^1^^  opposite  side  and  the  /ronlo-nasal 

Head  ot  human  embryo  of  aboul  t\vcnty-one  days,       hrnr^^^    \vhirh  ^^f»^rf»nH<;  a<5  a  mpdian  nro- 
seen  from  the  side,  shovin«  visceral  arches  and  extemai       P^OCeSS,  wnicn  aCSCCnOS  aS  a  mCUian  pro 

visceral  furrows.   X  20.   {4/ter  His.)  jection  from  the  head  (Fig.  75),  contrib- 

utes the  tissue  from  which  the  superior 
and  lateral  boundaries  of  the  oral  cavity  and  the  nasal  region  are  derived.  The 
mandibular  process  joins  with  its  mate  in  the  mid-linc  and  gives  rise  to  the  lower 
ja\v  and  other  tissues  forming  the  inferior  boundary  of  the  primarv  oral  cavity.  The 
latter  in  its  original  condition  appears  as  a  widely  open  space  leading  into  the  primi- 
tive  pharvngeal  cavity  ;  later  the  septum  is  formed  which  divides  the  oral  from  the 
nasal  cavity.  The  mandibular  process  contains  a  cartilaginous  rod,  which  for  a 
time  represents  the  corresponding  bony  arch  of  the  visceral  skeleton  of  lower  tvpes. 
The  ventral  and  larger  part  of  this  rod,  kno\vn  as  MeckcF s  cartilage,  entirelv  disap- 
pears,  the  lower  ja\v  being  developed  indepcndentlv  around  this  bar  of  cartilage  ; 
the  upper  end  of  the  cartilaginous  bar,  houever,  pcrsists  and  forms  two  of  the  ear- 
ossicles,  the  malleus  and  the  incus. 

The  Second  or  Hyoid  Arch  also  contains  a  cartilaginous  bar,  from  the  ven- 
tral segment  of  which  (kno\vn  as  the  cartilage  of  Reichert)  is  derived  the  smaller 
cornu  of  the  hyoid  bone  ;  the  dorsal  end  of  the  bar,  which  is  fused  with  the  tem- 
poral  bone,  gives  rise  to  the  stvloid  process,  the  intervening  portion  of  the  cartilage 
persisting  as  the  stylo-hyoid  ligament.  The  cartilage  of  the  second  arch  is  also  con- 
cerned  in  the  formation  of  the  stapes.  The  origin  of  this  ear-ossicle  is  double,  since 
the  cnira  of  the  stapes  are  derived  from  the  cartilage  of  the  hvoid  arch,  \vhile  the 
base  is  contributod  by  the  general  cartilaginous  capsule  of  the  labvrinth.  The  char- 
acteristic  form  of  the  stapes  is  secondary  and  dno  to  the  perforation  of  the  triangu- 
lar  plate,  the  early  representative  of  this  bone,  \vhich  thus  acquires  its  characteristic 
stirrup-shape  in  consequence  of  the  penetration  of  a  minute  blood-vessel,  i\\Q  per/o^ 
rating  stapedial  arter}\  a  branch  of  the  internal  carotid,  which  later  disappears. 
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The  Third  or  First  Branchial  Arch  coniains  a  nidimentary  cartilaginous 
bar  from  which  part  of  the  body  and  the  greater  cornu  of  the  hyoid  bone  are  derived. 
The  fourth  and  tifth  arches,  or  second  and  third  branchial,  enclose  rudimentar)- 
cartilaginous  bars  which  early  fuse  into  plates  ;  these  unite  aloiig  their  ventral  borders 
and  give  rise  to  the  thyroid  cartilage  of  the  larynx. 

The  External  Visceral  Furrows  (Fig,  73),  the  represeniatives  of  the  true 
defts  of  the  lower  type3,  appear  with  decreasing  distinctness  from  the  firsl  lowards  the 
fourth  ;  the  third  and  fourth  early  suRer  modilication,  so  that  by  the  twenty-eighth 
day  the  first  and  second  furrows  alone  are  clearly  defined. 

The  First  Visceral  Furrow,  i\ic  h^-omandibular  de/t.  ondergoesobllteration 
excepl  at  its  dorsal  part,  which  becomes  converted  into  the  extemal  auditory  meatus, 
the  surrounding  tissue  givJng  rise  to  the  »alls of  the  canal  and  the  external  ear.  The 
remaining  clefts  gradually  disappear,  becoming  closed  and  covered  in  by  the  over- 
banging  corresponding  arches ;    this  relation  is  particularly  marked  iowards  the 

Fic.  73- 


caudal  end  of  the  series,  where  the  sinking  in  of  the  arches  and  the  included  lurrotts 
produces a depression or  tossa— the  sinus pracerticalis of  His— in  the  lower and  lateral 
part  of  the  future  neck  region.  This  recess  subsequently  entirely  disappears  on 
coalescence  of  the  bordering  parts  ;  sometimes,  however.  snch  union  is  dofective, 
the  imperfcct  dosure  resulllng  in  a  permanent  fissure  situated  at  the  side  of  the  neck, 
known  as  cenical  fistula,  bv  means  of  which  com  mu  niča  t  ion  is  often  established 
bet»een  the  phannx  and  the  exterior  of  the  body.  Such  commiinlcation  must. 
however,  be  rcgarded  as  secondarv.  as  originally  the  extcrnal  furrows  were  scpa- 
rated  from  the  primitive  pharvngeal  cavitv  bv  the  delicale  epithelial  septum  already 
mentioned  as  the  ocduding  plate.  Where  enlrance  into  the  phan,-nx  through  the 
fistula  is  possible.  it  is  probable  that  the  septum  has  been  destroyed  as  the  result 
of  ahsorption  or  of  mechaniral  disturbance  fnllowing  the  use  of  the  probe. 

The    Inner  Visceral    Furrows,  or  pharvnf^fal  pouches.   rcpeat  the  general 
arrangement  of  the  extcrnal   furro\vs.      The   first    pharyngeal    pouch   becomes 
wed  and  elongated,  and  eventuaily  forms  the  Eustachian  tube  ;  a  secondary 
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tlorsal  espansion  Ki\'<^s  rise  to  the  middle  ear,  while  the  occludin^r  plate  separating 
the  outer  :iiid  iiiner  [urraws  stipplies  the  tissue  from  which  the  tvinpanic  membrane  is 
formed.  The  second  furrow  in  great  part  disappears.  bul  its  lower  portion  con- 
tributes  the  epitheliiini  of  ihe  faucial  tnnsil  and  the  supratonsillar  fossa.  The  fossa  of 
Rosenmiiller  is  a  secondary  depression  and  probably  does  not  represeiit  the  ori^nal 
furrow.  Thi;  third  and  fourth  pouches  give  rise  to  \'entral  entoblastic  outgrou  ths 
from  which  the  cpithelial  portions  of  the  thyniiis  and  of  the  thvroid  body  are  developed 
respectively.  The  lasl-named  or^an  has  an  ad<litional  unpaired  origin  from  the  ento- 
blast  forming  the  ventral  wall  of  the  pharynx  in  the  vicinity  of  the  second  visceral  arch. 
The  Development  of  the  Face 


Fig,  74. 


iA/tf'^"-'"  °""  "   ' 


and  the  Oral  Cavity. — The  earliest 
siiggestion  of  the  primilive  oral  cavity  is 
the  depression,  or  stomodteum ,  which  ap- 
pears  nbuut  the  ihirtoenth  day  on  the 
venirnl  surface  of  the  cephalic  eiid  of  the 
embryo  immcdiately  beneath  the  ex- 
panded  antcrior  ctrebral  vesicle.  The 
oral  pit  at  tirst  is  separated  from  the  ad- 
jacent  expanded  upper  end  o(  the  head- 
gut  by  the  delicate  septum,  the  pharyn- 
geai  membrane,  composcd  of  the  opposed 
cctoblast  ami  the  entoblast,  uhich  in  this 
locatioti  are  in  contact  without  the  inter- 
ipture  of  the  pharyngeal  membrane,  the 


vention  of  mesoblastic  tissuc.      Wilh  the 

deepencd  oral  pit  opens  into  the  cephalic  eAtreniity  of  the  head-gut,  now  ki 

the  primitive  pharynx. 

The  (ormation  of  the  face  is  closely  associated  with  the  growth  and  fusion  of 
the  upper  visceral  arches  in  conjunction  with  the  surrounding  parts  of  the  ventral 
surface  of  the  hcad.  The  first  \'isccral  arch,  as  already  described,  presents  two 
divisions,  the  maxillary  and  the  mandibjilar  proccss.  The  latter  grows  ventrally  and 
joins  in  the  mid-linc  its  fellow  of  the  npposite  side,  to  form,  with  the  aid  of  the 
second  visceral  arches,  the  tissues  from  which  the  lower  bouiidary  and  the  tioor  of 
the  mouth  are  derived.     The  upper  and 

lateral  boundaries  of  the  primitive  oral  Fig.  75. 

cavityand  the  diffcrentiationof  the  nasal 
region  proceed  from  the  modification  and 
fusion  of  thrcc  masses.  the  two  lateral 
paired  maxillary  processcs  of  the  first 
visceral  arches  and  the  mesial  unpaired 
fronionasal proccss,  which  descendsasa 
conspicuous  projection  from  the  ventral 
surface  of  the  anterior  part  of  the  head. 
The  maxillary  |>rocesses  grow  touards 
the  mid-linc  and.  in  conjunction  with  the 
dcscending  fronto-nasal  projection,  form 
the  lateral  and  superior  boundary  of  the 
primitive  oral  cavitv   (Kip-  74).     Verv      „     ,  ■ ,.  ^       .    ^    .  ..  -   , 

I  ,  ,         ,         ■  ".       ,         f  ■'        Head  of  human  «mbryo  nI  aluml  thirly-four  day».    X  5. 

soon    the    development    of    the    future  \AftiT  hu.) 

nares  is  snggcsted  l>y  the  ap|)earancc  of 

slijiht  depressions,  the  olfactorv  pits,  one  on  earh  side  of  the  fronto- nas;il  proces.s  ; 

thc-se  ari-as  constitute  part  of  the  wall  of  the  forehrain.  a  relation  nhich  fiircshadow-s 

the  future  close  association  l>etween  the  olfactory  mucous  membrane  and  the  cortcx 

of  the  olfactorv  lol»c. 

During  the  fifth  week  the  ihickencil  margins  of  the  fronto-nasal  process  nndergo 
diRen-ntiation  into  the  mesial  nasal  processcs,  whilc  coincidentiv  the  lateral  portions 
of  the  fronto-nasiil  ])rojcction  grovv  do\inward  as  the  lateral  nasal  processes.  ihc-se 
ne«ly  developed  projeriions  ronstituting  the  inncr  and  outer  iHiundaries  of  the 
rapidlv  ileepcninK  nas:il  pits,  The  line  o(  contact  lR.'tween  the  lateral  nasal  process 
and  the  ma\illary  process  is  niatked  liy  a  superticial  lurrow,  the  naso-optic groove. 
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which  leads  from  the  nasal  pit  to  the  angle  o(  the  eye  ;  this  furrow.  however,  merely 

indicates  the  position  of  the  naso-laclirymal  duct  which  develops  independently  at  the 

bottom  of  the  primary  groove.      Reference  to  Figs.  74  and  75  emphasizes  ihe  fact 

that  the  nasal  pits  and  the  primitive  oral  cavity  are  for  a  tirne  in  widely  open  coni- 

munication  ;  towards  the  ciose  of  the  sixlh  week.  honcver,  ihe  inaxillary  processes 

oi  the  6rst  arch  have  approached  the  mid-line  to  such  aii  c.\tent  that  they  unite  with 

the  lateral  margins  oJ  the  fronto-nasal  process  as  uell  as  fuse  with  ihe  latcral  nasal 

processes  above,     Owing  to  this  union  oE  the  three  processes,  the  nasal  pits  bccome 

separated  from  the  oral  cavity, 

and  with  the  appearance  and  Fig.  76. 

completion  o[  the  palatal  sep-  '~ —-     -    --         --Doisum  ot  noše 

tum  the  isolation  of  the  nasal     Aniag*  producing  , 

fossse  from  the  niouth  is  ac-       "^  ""* 

complished.     The  lateral  nasal  ■'*°"'  k™ 

processes  contribule  the  nasal 

al*,  tthilc  from  the  conjoined     N««M)piicgro 

mesial  nasal  process  are  de\el- 

oped  the  nasal  septum  and  the         (,^,  ^^^^^ 

bridge  of  the  noše  in  addition     maiiiiar>  iin« 

to  the  middle  portion  of  tlie 

upper  lip  and  the  interma.\il-  ^^    ^  ^1  ,„„,ii,i 

larj- segment  of  the  upper  iaw,  ni:ani  n   mhr  cn,i   bo  '  h  n  lourdi - 

the  superior  maxillary  part  of  '  '"roo?'oi  priiilni""  o'r'ai'^ca*'i'iy"  x  10. '(J*/?"riftJ.V*  "*'"* 

Ihe  latter  being  a  derivative  of 

the  maxillary  process  of  the  first  arch,      Arrested  developmcnt  and  imperfect  union 

bettteen  the  maxillary  processes  and  the  fronto-nasal  process  rcsull  in  the  congenital 

defects  knovvn  as  harelip  and  cleil  jialatc,  the  degree  of  tbe  malformation  depending 

upon  the  extent  of  the  faulty  union. 

The  Stage  of  the  Fcetus. — The  fifth  week  niarks  ihu  completion  of  the 
period  of  development  during  tthich  the  product  of  conccption  has  acquired  the 
characteristic  (eatures  of  its  embrvonal  stage  ;  beginning  viith  the  second  mnnth  and 
continuing  until  the  closc  of  gestation,  the  succeeding  sfaf{e  of  the  /irliis  is  distin- 
giiished  by  the  gradu.il  assumptinn  of  the  external  features 
which  are  peculiar  to  the  young  human  form.  In  addition  to 
the  already  mentioned  changes  afiecting  the  visceral  arches 
and  fronta!  process  in  the  development  of  the  (ace,  the  fifth 
week  \vitnesrtes  the  diflcrentiation  of  the  limbs  into  segments, 
the  distal  division  of  the  upper  extremity  exhibiting  indica- 
tions  of  the  hiture  fingers,  which  thus  aniicipate  the  appear- 
ance  of  tbe  toes.  The  liver  is  alread)-  conspicuous  as  a 
marked  protuberance  occupving  the  venlral  aspect  of  the 
triink  immediatelv  below  the  heart.  The  head  by  this  tirne 
has  acquired  a  relatively  large  size,  the  prominent  cephalic 
flexure  which  marks  the  position  of  the  midbrain  being  par- 
ticularlv  conspicuous.  At  the  end  of  the  fifth  week,  or  the 
thirty-fifth  dav,  ihe  fatus  nieasures  about  fourteen  millimetres 
in  its  longest  dimcnsion. 

The  sixth  week  finds  the  foetiis  elongated  nith  greaier 
at  aKS^scJni^^Kk^K"^  distinctncss  of  the  human  form.  the  large  size  of  the  head, 
>,Ajtrt  EiktTA  on  which  ihe  corvical  flexure  is  verv  ovidenl.  being  highlv 

_j  characteristic  whcn  compared  wilh  corresponding  stages  of  the 

Inwer  mammals.  The  se\'eral  constituents  of  ihe  face  berome  more  perfectlv  formed. 
including  the  completion  of  the  su])erior  boundarv  of  the  oral  cavitv  and  its  separalion 
from  the  nasal  pits  by  the  sepliim  resulting  from  the  union  of  the  fronto-nasal  process 
with  the  maxiltaTy  processes  ;  the  fusion  of  the  latter  with  the  lateral  frontal  processes 
now  defines  the  extemal  boimdari-  of  ihc  nostrib  of  the  stili,  however.  brnad  and 
flattened  noše,  which  lies  immediatelv  above  the  transverse  clcft-like  or.il  opcning. 
The  visceral  arches  are  no  Inngcr  visible  as  individual  bars,  having  undergone  com- 
plete  fusion.    The  difierentiation  of  the  digits  on  both  liands  and  fect  has  so  (ar 
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propressed  that  fingers  and  toes  are  distinctly  indicated,  although  ihe  fingers  only 
are  imper[ectly  separated.  The  first  suggestion  of  the  extemal  genitala  appears 
about  the  end  of  the  sixlh  week.  At  this  tirne  the  foetu3  measures  about  nineteen 
mili  imet  res. 

During  the  seventh  and  eighth  weeks  the  fcetal  iortn  of  the  body  and  the 
limbs  attain  greater  perfection,  the  large  head  becoming  raised  from  the  trunk  and  the 
toea.  as  well  as  fingers,  being  now  well  formed,  although  the  ruditnenis  of  the  nails 
do  not  appear  until  some  tirne  during  the  third  month.  At  the  close  of  the  second 
month  the  extra-embryonic  protrusion  of  the  intestine  through  the  umbilicus  into 
the  umbilical  cord  reaches  its  greatcst  extent.  The  genito-urinarv  svstem  is  rcpre- 
sented  by  the  (ully  develop«!  Wolffian  \iody,  the  vesical  dilatation  of  the  allantoic 
duct,  the  separalion  of  the  cloaca  into  rectnm  and  genito-urinarv  passage.  the  indif- 

Kjo,  7S- 


fereni  sexual  gland.  and  the  undifferentiatcd  external  genitals,  consistingof  the  geni- 
tal  eminence  and  the  assocbted  genitai  folds  and  genital  ridges.  The  external  ear 
has  assiimed  its  characteristic  form,  and  the  eyelid3  appear  as  low  folds  encircling  the 
conspicuous  eve,  in  which  the  pigment;uinn  of  the  ciliary  region  Is  visible.  Although 
the  facc  is  \vell  formed,  the  noše  is  stili  tlat,  the  lips  but  slightly  prominent,  and  the 
palate  not  complet(.ly  closecl.  The  rapid  growth  of  the  brnin  rcsults  in  the  dispro- 
ix>rii(inatc  size  of  the  head.  which  at  this  stagc  almost  e(]iials  the  trunk  in  bulk.  It 
is  to  be  notcd  that  by  the  close  of  the  second  month  the  pcrmanent  organs  are  so 
far  advance<i  that  the  subseqnent  growth  of  the  fietus  is  effected  by  the  lurther  de- 
vulopniont  of  parfs  alr(-ady  (ormod  and  not  by  the  accession  of  now  organs.  The 
biginniiig  of  the  second  ninnih  marks  ihe  jioriod  of  grealrsl  rrJalive  grou'th;  at 
the  <-iid  of  this  month  the  fivtiis  measures  alKiut  lhirty  millimetres  in  its  longest 
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The  third  month  is  characierized  by  greaicr  |>erfection  of  the  external  form, 
the  rounded  hcad  is  raised  froni  tlie  trunk  so  t)iat  a  dislinct  neck  appears.  whik-  the 
thora.t  and  abdoinen  are  Icss  proiiiincnt  ;  tho  hinbs,  which  are  uell  deieloped  with 
coinpletcd  diflercntiation  of  the  titigurs  and  coes,  jjrovided  vvith  iiiiperfect  nails.  now 
assiicne  the  charactertstic  fcelal  attitutle.  Thf  cjclids  tieconit  iinitod  bj-  the  tenth 
M-eek,  remainin^  closed  until  the  end  of  the  se\cnth  month.  The  cliKual  upetiing 
becomes  differeiiliated  diiring  the  ninth  and  tenth  vveeks  into  the  )>;enito-iirinary  and 


ciKhl  «■ 


the  anal  orilice,  while  chirin^  the  elevonth  :ir 
or^jans  acquire  the  distinjjiiishiiij,'  |iccnliaritics  < 
of  the  fi£tus.  mcasureil  in  its  n.itiiral  p<>sui< 
end  of  the  third  month,  is  almut  eightv  niillinu 
granimes. 

The  fourth  month  \viinisses 
cver,  rescmbles  in  it^  }j;en(.'ral  apjieai 


il  tvv.lfth  weeks  the  e.\ti-rn:il  i;<-niial 
I  a  delinite  se.\.  The  n«-iitist  lenjjlh 
lil  and  e\dudinf.'  the  limlw.  at  the 
tn.-s  ;  its  vvei^hl  apprnxiniatfs  nventy 


Ljitncnli-Ti  jirottih  in  the  fnius,  »hieh,    hovr- 
iice  the  fdlus  nf  the  precedinj;  month.     The 
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extra-foetal  portion  of  the  intestinal  canal,  which  at  an  earlier  period  passes  into 
the  umbilical  cord,  duriiij?  the  fourth  month  recedes  within  the  abdomen.  The 
differentiation  of  sex  is  stili  more  sharply  exhibited  by  the  external  organs  :  in  the 
male  the  penis  is  acquiring  a  prepuce,  and  in  the  female  the  labia  majora  and  the 
clitoris  are  becominj^  well  developed.  At  the  close  of  this  period  the  fcetus  measures 
approximately  150  millimetres  and  weif^hs  about  120  grammes. 

During  the  fifth  month  the  first  fcetal  movements  are  usiially  observed.  The 
heart  and  the  liver  are  relativelv  of  large  size.  The  decidua  capsularis  fiises  with 
the  decidua  vera,  thereby  obliterating  the  remains  of  the  uterine  cavity.  The  meco- 
nium  within  the  intestinal  canal  shows  traces  of  bile.  The  advent  of  the  fine  hair, 
the  lajiufro,  first  upon  the  forehead  and  the  eyebrows,  and  somewhat  later  upon 
the  scalp  and  some  other  parts  of  the  body,  represents  a  conspicuous  advance. 
Likewise  adipose  tissue  appears  in  places  vvithin  the  subcutaneous  layer.  The 
approximate  length,  at  the  end  of  the  fifth  month,  is  twenty-three  centimetres 
and  the  average  weight  about  320  grammes. 

The  sixth  month  is  characterizcd  by  complele  investment  of  the  body  by 
lanugo  and  by  the  appearance  of  the  vernix  caseosa,  the  protecting  sebaceous  secre- 
tion  which  coats  the  body  of  the  fcetus  to  prevent  as  far  as  possible  maceration  of 
the  epidermis  in  the  amniotic  fluid.  The  latter  now  reaches  the  maximum  quantity, 
being  contained  within  the  large  sac  of  the  amnion.  The  sixth  month  is  distin* 
guished  by  the  conspicuous  increase  both  in  the  size  and  weight  of  the  foetus,  and 
is  known,  therefore,  as  the  period  of  ^reatest  absohite  growth.  A  t  the  close  of  the 
sixth  month  the  foetus  measures  approximately  thirty-four  centimetres  in  its  longest 
dimension  and  weighs  about  980  grammes. 

The  scvcnth  month  is  marked  by  progressive  changes  in  the  various  parts 
of  the  foetus,  whereby  the  more  advanced  details  become  pronounced  in  the  central 
nervous  system  and  digestive  tract.  The  length  of  the  foetus  at  the  close  of  the 
seventh  month  approximates  forty  centimetres  and  its  weight  about  1700  grammes. 

The  cighth  month  is  occupied  by  the  continued  growth  and  general  develop- 
ment,  as  part  of  \vhich  the  foetus  acquires  greater  plumpness  than  before  and  a 
brighter  hue  of  the  integument,  now  entirely  covered  with  vernix  caseosa.  The 
lanugo  begins  to  disappear,  while  the  scalp  is  plentifully  supplied  with  hair  ;  the  nails 
have  reached,  or  project  beyond,  the  tips  of  the  fingers.  By  the  close  of  the  eighth 
month  the  fcetus  has  attained  a  length  of  about  forty-six  centimetres  and  a  weight 
of  about  2400  grammes. 

The  ninth  month  \vitnesses  the  gradual  assumption  of  the  characteristics  of 
the  child  at  birth,  among  which  are  the  rounder  contours,  the  extensive,  although 
not  complete.  disappearance  of  the  lanugo,  except  from  the  face,  \vhere  it  largely 
persists  throughout  life,  the  completed  descent  of  the  testicles  uithin  the  scrotum, 
the  approximation  of  the  labia  majora,  the  permanent  separation  of  the  eyclids,  with 
well-developed  lashes,  and  the  presence  of  dark  greenish  meconium  \vithin  the  in- 
testinal canal.  The  umbilicus  has  reached  a  position  almost  exactly  in  the  middle 
of  the  bodv.  The  average  length  of  the  fcttus  at  birth  is  alx)ut  fiftv  centimetres, 
or  twenty  inches  ;  its  average  \veight,  while  includcd  between  widely  varying 
extremes,  mav  be  assumed  as  approximately  3100  grammes,  or  6,8  pounds.  The 
weight  of  the  foetus  at  term  is  materiallv  influenced  by  the  age  of  the  mother, 
women  of  al>out  thirty-tive  years  giving  birth  to  the  heaviest  children.  The  weight 
and  stature  of  the  mother  probablv  also  affect  the  \veight  of  the  child.  Repeated 
pregnanoit^  exert  a  pronounced  eflect  upon  the  foetus,  since  the  weight  of  the  child 
reaches  the  maximum  \vith  the  fifth  gestation. 


The  purpose  of  the  preceding  pages  is  to  present  an  ontline  of  the  general 
deveK>pmental  |>rocesscs  leading  to  the  differentiation  and  establishmcnt  of  the  defi- 
nitr  l>o(ly-form  of  the  human  cmbr\'o  :  a  more  detailed  account  of  the  development 
of  the  various  parts  of  the  bodv  is  given  in  connection  uith  the  descriptions  of  the 
systems  and  the  individual  organs,  to  which  the  reader  is  referred. 


THE    ELEMENTARV    TISSUES. 

The  various  parts  and  organs  of  the  complex  body  may  be  resolved,  in  their 
morphological  constitution,  into  a  few  component  or  elenientary  tissues,  of  uhich 
there  are  four  principal  groups, — the  epithelial^  the  connedive,  the  muscular,  and 
the  nervoiis  tissues.  The  first  two  of  these  mav  be  discussed  at  this  phice  ;  the  re- 
maining  groups,  the  muscular  and  the  nervous  tissues,  are  considered  most  advan- 
tageously  in  connection  with  the  muscular  and  nervous  svstems  to  which  they  are 
directly  related  and  under  which  sections  they  will  be  found. 

THE   EPITHELIAL   TISSUES. 

The  epithelial  tissues  include,  primarily,  the  integumentary  sheet  of  protecting 
cells  covering  the  exterior  of  the  bodv  and  the  epithelium  Hning  the  digestive  tube. 
Secondarily,  they  embrace  the  epithelial  deri  vat  ives  of  the  epidermis,  such  as  the 
nails,  hairs,  and  glands  of  the  skin  and  its  extensions,  and  the  epithelial  lining  of 
the  ducts  and  compartments  of  the  glands  formed  as  outgrowths  from  the  primi- 
tive  gut-tube,  as  well  as  the  epithelium  clothing  the  respiratory  tract  which  originates 
as  an  evagination  from  the  digestive  canal. 

An  app>arent  exception  to  the  usual  origin  of  the  epithelial  tissues  from  either 
the  ectoblast  or  the  entoblast  is  presented  by  the  lining  of  the  genito-urinary  tract, 
since  al!  the  epithelium  occurring  in  connection  with  these  organs,  as  far  as  the 
bladder,  is  of  mesoblastic  origin,  and  hence  geneticallv  related  closely  with  the 
extensive  mesoblastic  group  of  tissues.  It  is  to  bc  noted  in  this  connection  that  the 
epithelium  of  the  bladder  and  of  a  part  of  the  urethra  is  derived  from  outgrowths  of 
the  primary  gut,  and  therefore  is  entoblastic  in  origin. 

The  primary  purpose  of  epithelium  being  protection  of  the  more  delicate 
\'ascular  and  nervous  structures  Iving  \vithin  the  subjacent  connective  tissue  of  the 
integument  or  of  the  mucons  membrane,  the  protecting  cells  are  arranged  as  a  con- 
tinuous  sheet,  the  individual  elements  being  united  by  a  sniall  amount  of  inter- 
cellular  substance. 

Epithelium  contains  no  blood-vcssels,  the  necessarv  nutrition  of  the  tissue  being 
maintained  by  the  absorj^tion  of  the  nutritive  juices  \vhich  pass  to  the  cells  by  way 
of  the  minute  clefts  within  the  intercelhilar  substance.  IJkewise,  the  supplv  of 
nerve-fibres  within  epithelium  ortlinarilv  is  scaiitv,  although  in  certain  localities 
posscssing  a  high  degree  of  sensibilitv.  as  the  cornea  or  tactile  surfaces,  the  termi- 
nations  of  the  nerves  mav  lie  betueen  the  epithelial  elements. 

The  epithelial  tissues  are  frequentlv  sei)arate(l  from  the  subjacent  connective 
tissue  by  a  delicate  hasement  membrane,  or  membrana  prapria  ;  the  latter,  which  may 
be  regarded  as  a  derivative  or  modification  of  the  connective  tissue,  usually  appears 
as  a  delicate  subepithelial  boundarv,  being  particularly  well  marked  beneath  the 
epithelium  of  glands. 

According  to  the  predominating  form  of  the  component  cells.  the  epithelial 
tissues  are  best  divided  into  tvvo  chief  groups,  — sguajnous  and  eolumnar.  —  v^iih  sub- 
divisions  as  shown  in  the  following  table  : 

VARIKTIRS   OF   EPITHKLirM. 

I.     SorAMors  : 

a.  .Simple,— consislin^  of  a  sinile  laver. 

b.  Stratificd, — consistinjj  of  several  lavers. 

II.  -COLIMNAR  : 

a.  Simple, — consislinjj:  of  a  sinjjle  laver. 

b.  Stratified, — consisting  of  several  lavers. 

III. — MODIFIFO  : 

a.  Cilialed.     b.  Gohlet.     c.   Pijnnented. 

IV'.— Spečim. IZKD  : 

a.  Glandular  epithelium.     b.  Neiiro-epithelium. 
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Squamous  epithelium,  ulien  occurrin^  n^  a 

rtaltciicil  ](ulyln;Ural  nucleattd  piatL-s  whicli,  w1kh  vit 
a  ri-f-iilar  iimsaic,  sciniilimis  dt-SL-ribiii  l>y  tliL'  tcrnis 
Siu-h  arrarinfnn.-iit  o(  tiie  st]Uaiiioiis  ly]if  is  umisual  i 
of    tho  alvi-oli  uf    tliL-  Ihiihs,    tlic  posturior  siirla 


shiffh-  layer.  is  composed  o 
,vi:<l  irom  tlic  siiriact,  prirscu 
■  l>avomi:nl"  or  ■ '  U-SMirllati-tl, ' 
1  tile  human  l»i(1y,  llio  liiiiiif 
i  tlit:  antcriur  capsult;  of    th< 


vsuUlim;  It-ns,   thc-   mtmhraiious   lahyriiith,  amt  a  L-«'  othur  localitk-s  \nA\\^  tln 
cliiti  placi-s  tt-liiTc  a  sintjk'  lavcr  of  sqiiaiiiinis  ci-lls  occiirs. 

Tlie  far  niiirf  nsual  arrangcmfiil  ui  siicii  ctlls  is  scvunil  supcrimposcd  layfra 
this   coiistitutiiij;   thc   iniportant  groiip  of   slratiju-d  squamaus   epithi.-lia.     \Vhei 


Fiu.  Sj. 


'liithcliiim  (rum  aiitiTior  Hurbcv  uf 


secn  in  soctii>n,  tlii-  dtcpi-st  cdls  art;  not  sralv,  Init  irri"^;ii!ariy  cokimnar,  restinj 
upon  tlif  basL-moni  mumbrant  liv  sliglitlv  ix|>.irKltr<l  Imsts.  Thc  siirfacc  of  the  iin 
(k-rlvinj;  lonncctive  tissuL-  sii]>pf)rtinij  this  varii-tv  of  opilhiliitm  is  lieset  «i[h  minut 
clcvations  ur  pajiilla-.  which  scrve  as  advantajri-oiis  positions  for  thc  tcrmtnntiotis  c 
thc  blood-vcsstls.  as  \\\A\  as  spfrializid  niT\e-eiuiiniis.  0«iii)>  to  thc  mor«-  fav(ire< 
nntrition  of  thc  diMrpcst  stratiim,  thc  ctlls  nest  thc  conncitivc  tissiio  cxhil>{t  thi 
jjrcatcst  vitalitv,  ami  oftcii  aro  llif  cvihisi^e  soiirco  of  thc  iicw  cli-inents  neocssar; 


^  ) 


^c'}'^ 


ni  tlu- siipcrtici. 
'a^-iii.i;  Ironi  th.- 


i<l  in  thcilin-ciin 


ini..  Ihc  lai. 
epithelium.     Thc  pu 


continiuillv  lx-inji  n-movcd  at  thc  fre 
tal  ,i)<rasiiiii,  Inil  also  to  thc  displace 
:clls  toMucI  within  thc  .iccpcr  laycrs. 
i«aiiU  thc  frcc  surf.icc,  thc  fi>rm  of  tb 
nji.ir  iy|n'  hchmi-s  tu  iho  dccpcst  lave 
l.ulv  piilvhcilral  (onns  and  thcn  jrradu 
■<■  ^iirfarc  to  bccumc.  finallv,  coiivcrtc« 

oi    ilic>  supcifii-ial   laycrs  of   strati6« 
1  variis  \viili  thc  sitiiation  of  the  ceUs 
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since  within  those  next  the  basement  membrane  ihe  relatively  large  nucleuB— the 
Dutritive  organ  of  the  celi — occupits  the  end  nearest  the  subjacent  connective  tissuc  ; 
in  ihe  middle  and  superficial  slrata,  the  nucleus,  com  parati  v  ely  small  in  size,  is 
placed  about  the  centre  ol  the  celi. 

The  irregul3rly  polyhedral  cells  of  the  deep  or  middle  strata  frequently  are 
connected  by  delicale  processes  which  bridge  the  intervening  intercellular  clefts  ; 
»hen  such  elements  are  isolated,  the  delicate  connecting  thrcads  are  broken  and  the 
disassociated  elemenlb  appear  beset  with  minute  spines,  then  constituting  the  prickle- 
ulU. 

In  certain  localities.  as  in  the  urinary  bladder,  the  columnar  cells  of  the  decpest 
layer  rapidly  assume  the  scaly  character  of  the  superficial  strata  ;  such  epithciium 


F lu.  85. 


Fio.  86. 


.J^.oC:>^(y^^■..,J^^^ 


^gf 


itivelv  fe\v  lavers.  and  from  the  readiiiess  wilh  which  ihe  type  of  the 
cells  changes,  is  often  described  as  iransitioital  epithciium ;  the  latter  cannot  be 
regarded  as  a  distinct  varietv,  biit  onlv  as  a  modilication  of  the  stratllied  scaly  group. 
Columnar  epithelium,  whcn  occiirring  as  a  single  lavcr  of  cells,  constitutes 
the  simple  columnar  \'ariety,  which  onjovs  a  nmch  wider  distribution  than  the  cor- 
responding  sqiiamoiis  group,  the  lining  of  the  stomach  and  of  the  intesiinal  tube 
beinp  important  e.xamples.  When  the  single  layer  of  such  epithciial  tissues  is  re- 
placed  by  several,  as  in  the  stratificd  columnar  \ariety,  the  superficial  cells  alone 


C    a  ^  ep  hct  al 


k  (  y   J        *      on    naul 


are  tvpica  ly  colum  a  The  free  ends  of  the  columnir  elements  n  t  mfreqiiently 
present  speč  al  zat  ons  n  the  form  of  a  cuticular  border  or  of  cihi  while  their  ends 
»h  ch  rest  upon  h  b  sement  men  brane  are  pomiel  forlced  or  club  shaped  The 
ntervals  th  9  fomied  b  rej,  la  ies  of  contour  ire  occupied  V\  the  cells  of  the 
deeper  stratum  next  the  ba.sement  membrane.  Each  celi  is  proi  idcd  w  ith  a  nucleus, 
which  is  situated  about  mid\viiy  bctween  the  en<is  of  the  superficial  elements  and 
nearer  the  base  »llhin  the  deeper  ones.  The  snrface  cells  olten  contain  collections 
ol  mucous  secretion  which  distend  their  b(xiies  into  conspiciious  chalice  forms  Icnoun 
as  goblet-celh.  »hich  occiir  In  great  profusion  in  the  lining  of  the  large  intestine  and 
the  respiratory  mucous  membrane. 
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Modified  Epithelium, — The  frcc  surface  of  the  cpithelium  in  man/  localities, 
as  in  the  trachca,  thc  itiforior  and  middle  nasal  nit-atusus.  and  the  uterus,  is  pni- 
vided  with  minute,  hair-like  vlbratile  prucesses,  or  ci/ia,  which  are  produced  by  the 
specialization  of  the  cytuplasn)  of  the  free  end  of  the  celi.  Ttie  exact  rclations  oi 
the  ciiia  to  the  cytupla»m  are  stili  niatters  of  uncertainty,  although  the  investlgations 
of  Engelinann  and  others  on  the  ciliated  epithehum  <>(  invertebrates  render  it  prob- 
able  that  the  hair-like  processes  attached  to  the  cells  of  hi^her  animals  are  aiso 
connected  with  intracelUilar  iibrilke,  which  appear  a.s  delicatt  striations  wilhin  the 
superlicial  and  more  high]y  spccialized  parts  of  the  cell^.  In  man  and  the  hijrher 
mammals  ciliated  cpithelium  is  limiled  to  ihc  coluninar  varittv.  The  exact  numt>er 
of  individual  cilia  altachcd  to  ihc  frcc  surface  of  each  eell  varies,  bul  therearc  usually 
l)etw't.'cn  one  and  two  dozen  such  appendages.  Their 
Fig.  89.  lenj-th.  Hkewiso,  differs  vvith  locahty,   lhi>se  lininK 

the  epididymis  btln^j  abuut  teii  times  longer  than 
those  attached  to  tfie  trachcal  inucous  membrane. 
\Vhen  lavorable  conditioiis  obtain,  including  a  suffi- 
cienl  snpply  of  moisture,  oxyj(en,  and  heat,  ciliary 
niottiiii  niay  coniinue  for  many  hours  and  even  days. 
On  snrfacc^s  clothcd  witli  coluninar  cpithelium 
certaiii  cells  are  diaiiiijjuishcd  by  unusuaHy  clear 
cyloplaani  and  cxce|>tional  form  and  size  ;  thesc  are 
the  ffoblflfi/is,  tlie  peciiliar  elliptical  or  chalice 
form  of  ttliich  rcsuhs  from  tlie  accumulation  of  the 
mucoid  secretion  claborated  within  their  protoplasm.  \\'hen  the  distcntion  becomes 
loo  great  the  cel!  rupturcs  in  the  direction  of  kast  resistancc,  and  the  secretion  is 
poured  oul  npon  the  surface  of  the  inucons  membrane  as  tlie  hibricating  mucus. 
The  goblet-cclls,  tlierefore.  niay  be  regardcd  as  unicelhilar  glands.  and  represent  the 
simplest  phase  in  the  s|)ecialization  of  glandular  tissucs. 

The  protoplasm  ni  cpithelial  eclls  oftcn  becomes  invadcd  by  particles  of  foreign 
substances  ;  thus.  granuLs  of  faHy  and  jmitcid  mattcrs  are  vcry  conimonly  encoun- 
tered,  while  the  pn-scnce  of  granules  of  elcidin  in  certain  cells  of  the  epidcrmls  char- 
acterizcs  ihestratiitn  graiiiilosum.  \\'hen  llic  iiivadinjiparticles  nrc  colored,  as  when 
compi>sedoi  melanin,  theallected  cells  acijnirea  dark  brovvn  tiiu.  and  are  thcn  known 
as  pigmented epilhelium.  Ksaniples  oi  such  cells  are  seen  in  the 
retina  and  in  the  deeper  cells  of  the  epiilennis  in  certain  races.  Fig.  90. 

Specialized  Epithelium.— Reference  has  already  been 
madc  to  jjohlet- cells  as  rcprcseinin^^  unicelhilar  glands  ;  these 
may  be  rcgardcni,  tlierefore,  as  instances  of  a  temporarv 
specialization  of  cpithelium  into  glandular  tissue.  \Vhen  the 
epithelial  elements  bcc()me  permanentlv  modifitt]  to  engage  in 
the  elaborittion  of  secretorv  sul>slanci-s,  thev  are  rccoRuized 
xi  glandulaf  epithtlium.  The  cells  lining  ihe  ihicls  and  the 
ultimate  compartments  of  glands  are  nioditied  extensions  of 
the  epitlielial  invcstmcnt  o(  the  adjacent  nuicons  membrane. 
Their  form  and  condition  tlepend  iipon  the  dcgree  of  speciali- 
zation, varvingfrom  colnmnar  to  spherical  ami  polvhedral,  on  '''lZ''™m?^^"x'^^ 
the  one  hand,  and  upon  the  naturc  and  nuuilx'r  of  the  secre- 
tion particles  im  the  other.  The  cells  lining  pans  of  certain  glands,  as  those  clothing 
the  duots  of  the  salivarv  glands,  or  the  irrcgnlar  portion  of  the  urinifcnnis  tubulcs, 
exhil)it  a  miire  or  less  pronounced  slriation  ;  cells  prcscniing  tliis  peculiarity  are 
terined  rod-epilhelium. 

eeiiiuKlv  complex.  specializations  affecting  epithelial 
neriion  with  the  nenrones  supplving  the  organs  of 
in  these  localities  is  diflerentiaie<l  into  t«o  groups  of 
d  tlio  |>erce]>tive  :  to  the  latter  the  name  of  nturo- 
iples  of  such  spcciali/ation  are  the  rod-  and 


The  highi-st,  and  often 
lissiies  are  enconntercd  in 
special  sense.  The  ei)illielii 
elements,  —the  sustent.icula 
fpilhelium  is  applied.  Consplcuon- 
cone-cells  of  ihe  relina  and  the  hair-cells  of  Cori 

A  more  delailed  description  of  the  glandnlar  ti; 
tract :  that  of  the  neuro-epilhelia  uith  the  organs  of 
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Fig.  9[. 


ENDOTHELIUM. 

The  modified  mesoUastic,  later  conneclive-tissue,  cells  that  Ime  serous  surfaces, 
including  ihose  of  the  pericardial,  the  pleural,  and  the  peritoneal  divisions  of  the 
body-cavity,  together  with  those  of  the  blood-  and  lymph-vessels  and  the  lymphatic 
spaces  throughout  the  body,  constitute  endothelium.  These  spaces,  in  principle,  are 
intramesoblastic  cleits  and  the  elements  forming  their  lining  are  derivatives  of  the 
great  connective-tissue  layer.  The  endothelia,  ^Jierefore,  helonp  to  thp  r 
tktii^i  anH  are_prQperl^j£gaided  as 
modihed  elemenLs  of  that  class  ;  as 
a  matier^of  convenJence.  hovvever. 
the  v  mav  be  considered  ^t-Uiis^ilace 
in  connection  with  the  epithelJal  tia- 
sues. 

The  most  striking  difference  in 
situation  between  the  endothelia  and 
the  epithelia  is  found  in  the  fact  that 
the  former  cover  surfaces  not  coni- 
municating  with  the  atniosphere, 
while  the  epithehal  tissues  clothe 
inucous  membranes  ali  of  which  are 
directly  or  indirect]y  continuous 
with  the  integumentary  surface.  A 
further  contrast  betueen  these  tis- 
sues is  presented  in  their  genetic  re- 
lationsuith  the  priniary  blastodc-rtnic 
lavers.  since  the  epitlicha,  with  the 
esception    of    those    lining    certain 

parts  of  the  genito-urinarv  tracts  which  are  derived  from  ihe  mesoblasl,  are  the  trans- 
formations  and  outgrmvths  from  the  ectoblast  and  the  entoblast,  while  llie  endo- 
thelia are  direct  niodifications  nf  the  mesobiastic  cells. 

The  young  mesobiastic  cells  bordering  the  carly  bodv-cavitv  become  differenti- 
ated  into  a  delicate  lining.  the  nusothelium,  and  later  give  rise  to  the  characteristic 
plnte-like    elements   which    constitute    the 
Kni.  91.  lining  of  the  pcrmanent  serous  sacs.     The 

name  mesothelium  is  somtthnes  retained  to 
dcsignate  the  permanent  investment  of  the 
great  serous  cavilies.  as  dislinguished  (rom 
llie  endothelium  »hich  cloihes  the  vascular 
and  other  serous  spaces. 

Seen  in  typical  prcparations,  as  ob- 
lained  from  the  peritoneum  after  treatment 
with  argentic  nitrate  and  subsequent  stain- 
ing  ttith  harmato-\ylin,  the  cndothelial  cells 
on  surface  view appear  as  irregularl\-  poljg- 
onal  areas  mappcd  out  by  deeply  tinted 
lines.  The  latter  reprtsent  the  silver- 
stained  alhnminous  intcrcellular  cement- 
snbstance  \vhich  unites  the  flattened  cells 
in  a  manner  similar  to  that  obser\ed  in 
simple  sqiiamous  epithelium  ;  this  superficial  likeness  is  so  marked  that  it  has  led  to 
much  confusion  as  to  the  proper  classification  of  endothelium  under  the  connective 
tissues.  The  lines  of  apposition  are  sinnoiis  and  Icss  regular  than  between  epiibi  lial 
elements,  in  many  cases  appearing  distinctlv  dentated.  The  esact  form  of  the  cells 
and  the  character  of  their  contours.  however,  are  not  constant,  since  thev  probably 
depend  largely  upon  the  degree  of  tcnsion  to  which  the  tissiie  has  bcen  subjectrd. 

Not  infrequently  the  intcrcellular  substance,  at  ]>iiints  \vherc  several  endolheiial 
cells  are  in  apposition,  shows  irregular,  deeplv  colored  areas  after  silver  ^talning  ; 


72  HUMAN   ANATOMV. 

these  figures  are  descrihed  as  stigmata  or  pscudosiomata,  and  by  some  are  interpreted 
as  indications  of  the  existence  of  openings  leading  from  tlic  serous  cavity  into  the 
subjacent  lyniphatics.  Critical  examination  of  these  areas,  however,  leads  to  the 
conclusion  that  they  are  largely  accidental,  and  due  to  dense  local  accumulations  of 
the  stained  intercellular  materials ;  they  are  not,  thcrefore,  to  be  regarded  as  intercellu- 
lar  passages.  True  orifices  or  stomata,  however,  undoubtedly  exist  in  certain  serous 
membranes,  as  in  the  septuin  betNveen  the  peritoneal  cavity  and  the  abdominal 
lymph-sac  of  the  frog,  and,  possibly,  the  peritoneal  surface  of  the  diaphragm  of 
mammals.  The  positions  of  these  stomata  are  marked  by  a  conspicuous  modification 
in  the  form  and  arrangement  of  the  surrounding  endothelial  plates,  which  exhibit  a 
radial  disposition  ahoiit  the  centres  occupied  hy  the  stomata.  The  immediate  walls 
of  the  orifices  are  formed  hy  smaller  and  more  granular  elements,  \ht  g uar d  or  g er- 
minating  cclls,  the  contraction  and  expansion  of  which  probably  modify  the  size  of 
the  openings. 

Although  the  ectohlast  and  the  entoblast  are  the  germ  layers  \vhich  furnish  great 
tracts  of  epithelium  in  the  adult  hody,  yet  the  mesoblast,  the  middle  germ  layer, 
also  supplies  distinct  epithelial  tissues.  As  it  has  been  already  pointed  out,  the 
epidermis,  the  epithelial  portion  of  the  skin,  with  its  derivatives,  is  a  product  of  the 
ectoblast.  The  epithelial  lining  of  the  mouth  cavity  as  far  back  as  the  region  of  the 
palatine  arches,  and  the  epithelium  of  the  anus  are  also  of  ectoblastic  origin,  since 
they  are  formed  as  in-pocketings  of  the  outer  germ  laver  tluring  early  embryonic 
life.  With  the  exception  of  these  areas,  the  epithelium  lining  the  entire  digestive 
tube,  and  that  of  ils  accessory  glands,  notahlv  the  liver  and  the  pancreas,  is  of 
entoblastic  origin.  The  same  thing  is  true  of  the  epithelium  of  the  respiratory  tract, 
since  this  entire  tract  is  an  outgrowth  from  the  primitive  intestine.  But  in  the  čase  of 
the  uro-genital  system,  the  epithelium  there  found,  or  most  of  it,  is  derived  directly 
from  the  mesoblast.  To  be  more  sj^ecific,  the  Fallopian  tubes  (uterine  tubes), 
uterus  and  vagina  of  the  female,  \vhich  have,  of  course,  a  distinct  layer  of  epithelium 
on  their  inner  surface,  are  formed  from  certain  embryonic  tubes  known  as  the 
Miilierian  ducts,  which  are  derived  from  the  mesoblast.  The  vas  (ductus)  deferens 
of  the  male  is  first  represented  in  the  embrvo  by  a  tube  known  as  the  Wolffian  duct, 
which,  with  its  epithelium,  is  also  derived  from  the  mesoblast.  The  sex-cells  found  in 
the  sex -glands,  which  in  the  čase  of  the  male  retain  a  distinct  epithelial  character, 
are  apparently  of  mesoblastic  origin.  The  ureter  and  part  of  the  kidney  are  out- 
growths  frcm  the  Wolffian  duct  and  therefore  mesoblastic,  while  the  rest  of  the 
kidney  not  formed  in  this  \vay  is  also  of  mesoblastic  origin.  Hence,  it  is  evident 
that  distinct  lavers  of  epithelium  are  formed  from  ali  three  germ  layers,  and  that 
in  this  respect  no  peculiarity  is  attributable  to  any  one  of  them. 
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THE  CONNECTIVE  TISSUES. 

The  important  group  of  connectivc  substance^  thc  most  widely  dUtnbuted  of 
ali  tissties,  is  the  tlirect  product  of  the  grcat  mesobiastic  tract :  ihe  several  members 
of  this  extended  family  are  formed  by  the  diflertiitiaiion  and  specialization  of  the 
intcrcelluUr  substance  wrought  through  the  more  or  Itss  dirctt  ag(;ncy  of  the  meso- 
blastic  cells.  The  variation  in  the  physical  characteristics  of  the  connective  tissues 
is  due  to  the  coiidition  of  their  intercellular  constilueiits.  During  the  period  of  em- 
brvonal  growth  these  latter  are  rcjjresented  by  gelatinous.  plastic  substances  ;  a 
little  iater  by  the  stili  soft,  although  more  deliiiildv  formed.  growing  connective 
tissue,  which,  in  lurn,  soon  gives  plače  to  thc  yieldiiig,  although  strong,  adult 
areolar  tissue. 

(irouped  as  masses  in  which  ivhile  filirous  tissue  predomltiates,  the  intercellular 
substance  presents  the  marked  toughness  and  incxtcnsibiiily  of  tendon  ;  »here,  on 
the  contrary,  largc  quaiitities  of  yellow  elastic  tissue  are  present,  e.\tensibility  is 
conspicuous.  Furlher  conden- 
sation  of  the  intercellular  sub- 
stance produces  the  resistancc 
encountered  in  hyaline  carti- 
lage,  intermeciiate  degrees  of 
condensation  beiug  presen  t  ed 
by  the  fibrous  and  elastic  varie- 
ties.  In  those  cascs  in  which 
ihe  ground -substance  becomes 
additionally  impregnated  with 
calcareous  salts,  the  well-kno«n 
hardness  of  bone  or  dentine  is 
attained.  Notvtithslanding these 
variations  in  the  density  of  the 
intercellular  substance,  the  cel- 
lular  elements  have  undergone 
but  little  change,  the  conncctive- 
tissue  corpuscle,  the  teiidon-cell, 
the  cartilage-cell.  and  the  bone- 

COrpUSCle  being  morphologically         Embrion«!  conneclive-tissu*  f»lls  rrom  Ih«  umbilital  cord.    X  500. 

identical. 

The  principal  forms  in  which  the  connective  substances  occur  mav  be  grouped  as 
foUows : 

1.  Itnmature  connectivf  tissue,  as  the  ielly  of  Wharton  in  the  umbilica!  cord 
and  the  tissues  of  embryos  and  of  young  aninials. 

2.  Areolar  lissue.  forming  the  subcutaneous  layer  and  filling  intermuscular 
spaces,  and  holding  in  plače  the  \'arious  organs. 

3.  Eftnse  fibro-elastic  tissue,  found  in  the  (asciae.  the  sclera.  the  ligaments,  elc. 
\Vhere  white  fibrous  tissue  predominates  and  yellow  elastic  tissue  is  practically 
wanting,  structures  o(  the  character  of  tendon  or  of  the  cornca  are  produced  ;  where, 
on  the  other  hand,  elastic  tissue  is  in  e.xcesB  of  fibrous  tissue,  highlv  extensible 
Structures,  as  the  ligamentum  nuchre  or  the  ligamenta  subflava,  result. 

4.  Cariilage,  fibrous,  elastic.  and  hvaline  varietics. 

5.  Bone  and  denline,  in  which  impregnation  of  liine  salts  contributcs  character- 
istic  hardness. 

6.  Retiatlated  connective  tissue.  occurring  as  the  supporting  framcwork  in  the 
lymphatic  tissues,  and  as  the  interstitial  reticuluni  of  many  organs. 

7.  Adipose  tissue. 

The  Cells  of  Connective  Tissue. — The  cellular  elements  of  the  connective 
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tissues  are  usually  described  as  of  two  kiads.—ihe  /ixed  ot  connective-tissue  celb 
proper,  and  ihe  migratorj'  or  Tvandering  cdis.  The  latter,  while  frequently  included 
among  the  elements  of  these  tissues,  are  usually  only  migratory  Ieucocyte3  which 
temporarily  occupy  the  lyinphatic  defts  within  ihe  conneclive  substance. 


Fig.  94- 
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The  typical  cotnurtive-lissue  e  II         ts.  v    u  ),cr  cnn  i  t    n    possesses  a  tlattened, 
plate-like  body  froiii  m  hich  branchcd  processes  e\tend.     VVith  the  compleied  growth 

f)[  the  tissiie,  the  expanded, 
Fk;.  96.  often      irregiilarly     stellate, 

_^  _  element    contracts     to    the 

inconspicuons  spjndle  celi 
cnmmonlv  obscrved  in  adult 
areolar  lissiie. 

Granule-cells  are  addi- 
tinnal  demcnis  occasionally 
cncountered  in  conneclive 
lissncs.  They  are  irroBularly 
sphcrical  in  form  and  are  dis- 
tinguishcd  by  conspicuous 
grannlcs  within  their  proto- 
plasin  posstssing  a  strong 
aflinity  for  dahlia  and  other 
liasic  aniline  slaiiis.  They 
inchidc  the  p/asma-rells  of 
Wakl<.'yer  and  the  masl-celh 
of  Ehrlich. 

Pigment-Cells,— The 
fixed  cells  sonietimcs  contain 
accumulations  of  darlc  parti- 
cles  uithin  their  cytopIasm, 
the  elements  then  appearing 
as  large,  irregularlybranched 
pif^ničnt-cells;  these  are  con- 
spicuous in  man  \vithin  the  choroid,  tlie  iris,  and  ccrtain  parts  o(  the  pia  mater. 
The  nucleus  iisuallv  remains  uninvadcd,  and  hencc  ap[)ears  as  a  lighter  area  within 
the  dark  brown,  or  ahnost  lilack,  ccll-hodv. 

The  Intercellular  Constituents  of  the  conncctivc  sul>stanccs  occur  in  three 
\otmf..^^fibroics  tissue.  rflkiilar  lissue.  and  elasiic  lisstte. 

Fibrous  tissue  consists  morpholoBicalty  of  varying  bundics  of  stlky  tibrils  of 
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such  fiaeness  that  ihey  posseas  no  appreciable  width.  The  tibrits  are  united  by  and 
embedded  within  a  semtfluid  ground-subslance,  which  may  be  preaent  in  such  meagre 
amount  that  it  sufhces  only  to  hold  together  the  fibrillče,  or,  on  the  other  hand,  it 
inay  constitute  a  large  pait  of  the  entire  intercelluUr  tissue,  as  in  the  inatrix  of  hya- 
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Fig.  98. 
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line  cartilage.     Depending  upon  the  dis- 

positton    of    the    bundles,    fibrous    tissue 

occurs  in  lwo  principal  varieties,  — areolar 

and  dense  connective  tissue. 

The    fibrous    tissue  of    ihe    areolar 

group  is  arranged  in  delicate  «'avy  bun- 
dles which  are  looselv  and  irregularly  in- 

tervfoven,    as  seen  in   tht  subcutaneous 

!ayer,  the  intervening  clefts  being  largely 

occupied  by  the  ground-subslance.      In 

the  denser  connective  tissues  the  tibrous 

tissue  isdisposed  with  greater  rej'ularity, 

either  as  closely  packed,  parallel  bundles, 

as  in  tendon  and  aponeurost-s,  or  as  intimately  felted,  less  regularly  arranged,  bands 

forming  extended  sheets,  as  in  fascia?,  the  cornea,  and  the  dura  mater.     The  ground- 

substance  uniting  the  fibrill;^  of  dense  connective  tissues  olten  contains  a  syste[n  of 
detiiiite   interfascicular  lympk-spaces, 
^^'^-  99-  which,   in  suiiably  stained   prepara- 

tions.  appear  as  irregularly  stellate 
clefts  that  form,  by  union  of  their 
ramifications,  a  continuous  nel-work 
of  channels  for  the  conveyance  of  the 
lissue-juices  throughout  the  dense 
connective  substances  ;  in  non-vascu- 
lar  slructures,  as  the  cornea  and  the 
denser  parts  of  bone,  these  systems 
of  intercommunicating  lymph-spaces 
serve  to  convey  the  nutritive  sub- 
stances to  the  connective- tissue  cells 
which  lie  within  these  clefts.  Fibrous 
tissue  yields  gelatin  on  boiling  in 
water,  and  is  not  digested  by  pan- 
creatin  ;  on  the  addition  of  acetic  acid 
this  tissue  becoines  swollen  and  trans- 
parent, the  individual  fibrillae  being 

Ce1Mii«c«of  (imMconn«lhrtiwiKfiomeinieaolcall;       nO  longer  visiblc. 

!!rn™™ic".''^y1f^'™"'''*"'^'""'^''*^"'"'"*^"''''"''™^  Reticolar    Tissue.— The    in- 

vestigations  of  Mali  have  emphasized 
the  presence  of  a  modified  form  of  fibrous  tissue  in  many  localities.  especially  in 
or^ns  rich  in  lymphoid  cells.  This  variety  of  intercellular  substance,  known  as 
retieular  tissue  or  reliculum,  consists  of  very  hne  fibril1<'e.  either  bolated  or  associated 
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if^  small  biindles,  which  unite  in  ali  planeš  to  form  delicate  net-works  of  great  intri- 
cacy.  In  lymphatic  tissues,  where  the  reticutum  reaclies  a  typical  development,  the 
me3h-work  contains  the  characteristic  lymphoid  elementa  and,  in  addition,  supports 
the  superimpostd  stellate  connective-tissue  cella  which  formerly  were  erroneously 
regarded  as  integral  parts  of  the  tibrillar 
Fu;   lo,.  nei-work.       Reticular    tissue,    associated 

with  librous  and  dastic  tissue,  is  also 
present  in  many  other  organs,  as  the 
liver,  kidney,  and  lung.  This  modilica- 
tion  of  fibrous  tissue  dlfTers  from  the  more 
robustly  developed  form  in  the  absence 
of  the  groun d- substance  and  not  yield- 
■ng  gflatin  upon  boillng  in  water  (Mali); 
like  fibrous  tissue,  the  reticulum  resists 
pancreatic  digestion, 

The  development  of  fibrous  tissue 
has  been  a  subject  ot  much  discussion  re- 
garding  which  authorities  are  stili  far  from 
accord.  Two  distinci  views  are  held  at 
the  present  tirne  ;  according'  to  the  one, 
«tili,7M'S^M™''i!im'iririo\'h!l>=ThowM'l,'^flf«'^i^  ^^^  tibrcs  appeaf  within  the  originally 
hguTt.    ■■  s>^  homogeneous  intercellular  matrix  of  the 

early  embryonal  connective  tissue  uilhout 
the  direcl  participation  of  the  cells,  the  fibres  being  formed  as  the  result  of  a  process 
somenhat  resenibling  coagiilation.  Tbis  conceptinn  of  the  formation  of  the  fibres  of 
connective  tissue.  knouii  as  the  indired  tnode,  is  beld  to  account  for  the  carliest 
production  of  the  fibrils  in  embrv- 
onic  tissue.  '  ^^°- 

The  other  vicw,  held  by  Flem- 
ming,  Reinke,  and  olhers,  attributis 
an  active  particiiKition  ot  the  young 
connective  tissuecdl,  the peripheral 
zone  of  its  protoplasm.  known  as  ex- 
oplasm,  being  directly  transformed 
into  fibrilla;.  [n  consideration  of 
the  careiul  obscrvations  of  Flem- 
ming,  it  is  now  generally  believed 
that  the  method  of  formation  of  the 
fibres  of  connective  tissue  direclh 
from  the  ex<.iplasm  of  young  con- 
nective tissue  cells  is  the.  usual  one. 
It  is  highly  probablc  that  thi' 
connective  tissue  cells  are  concerned 
in  the  production  of  the  fibrous 
tissue,  since  ihese  elements  become 
much  smaller  as  the  formation  of 
the  fibrous  tissue  advances. 

Elastic  tisaue  usually  occurs 
as  a  net-work  of  highly  refracting, 
homogeneous  fibres  lying  among  the 
bundles  of  fibrous  tissue.  The  indi- 
vidual  tibres  are  much  thicker  than 
the    tibril1<'e    of    fibrous    tissue    and. 

although  differing  in  width,  maintain  a  constant  diameter  unlil  augmented  by  fusion 
with  others.  When  disassociated,  as  in  teased  preparations,  the  elastic  fibres  assume 
a  highly  characteristic  form,  being  wavy,  bowed,  or  coiled.  The  proportion  ol  elastic 
tissue  in  connective  substances  is,  ordinarily,  small  ;  in  certain  localities,  however,  as 
the  ligamenta  subflava  of  man,  or  especially  the  ligamentum  nuch.T  of  the  lower 
mammals,  almost  the  entire  structure  consists  of  bundles  of  robtist  fibres  ol  elastic 


ELASTIC   TISSUE. 


77 


tjssue  held  together  by  a  small  amount  of  intervening  librous  tissue.     In  transvera« 

section  of  such  ligaments  (Fig^.  104),  the  individual  elastic  tibres  appear  as  minute 

polygonal  areas  separated  by  the  fibrous  tibrill^e  and  the  associated  connective-tissue 

celb.     Withm  the  walls  of  the  large  blood-vessels  the  elai^tic  tissue  is  arranged  as 

membranous    expansions    containing    numerous 

Fig.  103.  openings  of  varying  size  :  thtse /etieslrated  metn- 

iranes,  as  lhey  are  called,  are  probably  formed 

>  by  the  junction  and  fusion  of  broad  ribbon-lJke 

elastic  fibres.     Elastic  tissue  yields  elastin  upon 


v  jso.    Th*  tefl*  lit  upon  ihe  fibiouB 


boiling  in  water,  and  disappears  upon  being  subjected  to  pancreatic  digestion.  thus 
difiering  from  librous  and  rcticular  tissue ;  by  talcing  advantage  of  the  especial  affinity 
that  elastic  tissue  possesses  for  certain  stains,  as  orcein,  a  much  ujder  and  more 
generous  distribution  of  elastic  tissue  has  been  established  than  vvas  formerly  appre- 
ciated. 

The  development  of  el:istic  lissue  1 
the  mode  of  priiducliini  »f  tiljroi 


shared   the  nncertaiiitv  surrounding 
.'  hcrt;,  as  tfieri.-,  tvso  opposed  viiAvs 


hfld, — one  of  a  cellular  and 
one  of  an  independont  orij^in.  Accnrd- 
ing  to  the  view  of  an  indcpatdcnt  crigin. 
the  older  one,  the  elastic  fibri-s  first 
appcar  as  ro\vs  of  minute  lx.-ads  in  thti 
intercellular  niatrix.  These  linearlv  dis- 
posed  t^eads  graduatly  fuse.  thus  produc- 
ing  the  priniary  elastic  fibres.  According 
to  the  \-iew  of  an  intracellular  origin. 
the  one  n<nv  generally  accepted.  the 
elastic  libres  are  derived  directly  frum 
the  exoplasm  of  the  young  connectivc 
tissue  cells,  as  in  the  čase  ot  ihe  \vhito 
fibrils. 

The  density  of  connective  substances     ™ 
depends  upon  the  amount  and  arrangc-      n 
ment  of  the  fibrous  tissue  ;  the  cxtensibility 
is  determined  by  the  proportion  of  elastic 

isSUe   prcsent.       When    the  former  OCCUrS      Transvsr«  s«tinn  ot  hn^meriLum  nucm  m  o«.    A  4." 

n  well-defined    bundles,    felted    together 

nto  interlacing  lameli;*,  dense  and  resistant  structures  result,  as  lasci^,  the  comea, 
etc. ;  in  such  structures  the  cement-  or  ground-sulMlance  within  the  interfascic- 
ular  clefts  U3ually  contains  the  lymph-spaces  occiipied  by  the  connective-tissue 
cclls. 

Tendon. — Tendon  consists  of  dense  connective  tissue  composed  almost  en- 
lirely  of  white  fibrous  tissue  arranged  in  parallel  bundles.     The  individual  fibrilla 
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of  the  tibrous  tissue,  held  together  by  cement -substance,  are  associated  as  compara- 
tively  large  primary  bundles,  tvhich  in  turn  are  united  by  interiascicular  ground- 


!'■,.  /^'-.i     i     ■■■A  "I  ^"|G.  106. 


siibstance  and  groiiped  int(i  secondarv  bundles.      The  latter,  in^ested  by  a  delicate 
areolar  sheath  and  [)artiaHy  covertd  by  platc-like  cells,  are  hcld  together  by  ihe 

sepiaJ    e^tensions   of    the 
Frci.  107.  general     connective-tissiie 

envelope  which  surrounds 
the  entire  tendon  ;  the 
larger  septa  support  the 
inierfascicular  blood-ves- 
sels  and  the  lymph3tics. 

The  flattened  connec- 
tive-tissue  elements,  here 
known  as  the  iemlon-celh, 
occur  in  rows  wilhin  the 
clefls  betvveen  the  primary 
bundles,  upon  and  betw  een 
which  the  thin,  plate-like 
bodies  and  wings  of  the 
tendon-cells  expand.  Seen 
from  the  surface,  these 
cells  appear  as  nucleated 
quadrale  bodies  (Fig. 
106");  vieHcd  in  longitudi- 
nal  profile,  the  tendon-cells 
prcsent  narrow  rectangular 
areas,  while,  when  seen  in 
^.™^,„^.^,^>™^,j.^_~_^„^.j^^«^^^^^^         v^^-'-,.'        -J.      transverse     section,     the 

same  elements  appear  as 
stellate  bodies.  the  extended  liml«  of  »hich,  olten  strctchintj  in  several  planeš, 
represent  sections  of  tlic  »ing-plates. 

Examined  in  cross-section  (Fig.  lO"),  the  cut  ends  of  the  primarv  tendon-bun* 
dles  appear  as  light  irregular  po)ygonal  arcas,  which,  under  high  ampiificaiion,  at 
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times  exhibit  a  delicate  stippling  due  to  the  transverselj-  sectioned  fibnllie.  The 
interfascicular  clefts  irequently  are  represented,  in  such  preparaiions,  by  stellate 
figures in  »hich  the  sections  ol  the  tendon-cells,  lying  upon  the  primary  bundles,  can 
be  distinguished  ;    the  remaining  portion  oE  the  stellate  cleft  is  occupied   by  the 


coagulated  and  stained  interfascicular  cement -substance.  The  larger  divisions  oi 
the  tendon.  composed  of  the  groups  of  secondary  bundles,  are  separated  by  the 
septa  prolonged  tnward  from  the  general  sheath  investing  the  entire  tendon.  Ten- 
don is  composed  almost  exclu- 

sively  of   fibrous   lissue,    elastic  f^ici-  "j9 

fibres  bcing  practicallv  absent. 

Adipose      Tissue.  —  The 
fatty    material    conlained    within 
the  body  is  to  a  large  extenl  en- 
closed    within     connecti  ve- tissue 
cells  in  various  localities  ;   these 
modified  elements  are  known  as     ^Jf''^Jj,'"'" 
fal-celh.   which.    together  with      "nc^Mi^oi 
the  areolar  tissue  connecting  the      ''™'' 
cclls    and    supporting    the    rich 
supply  of   blood-vessels,   consii-  ^^   ^^ 

tute  the  adipose  tissue. 

The  distribution  of  adipose 
lissue  includes  almost  aH  parts  o(         '^t^iur''* 
thebody,  although  accumulaiions 
of  fat  are  especially  conspicuous  voi 

in  certain  localities.  Among  the 
latler  are  the  subcutaneoits  areolar  lissue.  the  marrow  of  bones,  the  mesenterv  and 
the  omentum,  the  areolar  lissue  surrounding  ihe  kidnev,  the  vicinitv  of  the  joints,  and 
the  subpericardial  tissue  of  the  heart.  On  the  other  hand.  in  a  few  situations.  in- 
cluding  the  subcutaneous  areolar  tissue  of  the  evelids,  the  penis  and  the  labia 
minora,  the  lungs,  except  near  their  roots,  and  the  interior  of  the  cranium,  adipose 
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tissue  does  not  occur  even  vvhen  developed  to  excess  in  other  parts.  As  ordinarily 
seen,  adipose  tissue  is  of  a  light  straw  color  and  often  presents  a  granular  texture 
due  to  the  groups  of  fat-cells  within  the  supp>orting  areolar  tissue. 

Examined  microscopically  in  localities  where  the  fat-cells  are  not  crowded,  but 
occur  in  a  single  stratum  and  hence  retain  their  individual  form,  adipose  tissue  is 
seen  to  be  made  up  of  relatively  large,  clear,  spherical  sacs  held  together  by  deli- 
cate  areolar  tissue.  Unless  treated  with  some  stain,  as  osmič  acid,  Sudan  III.  or 
quinoline-blue,  possessing  an  especial  affinity  for  fat,  the  oily  contents  of  the  cells 
appear  transparent  and  uncolored,  and  apparently  occupy  the  entire  cell-body. 
Critical  study  of  the  fat-cell,  however,  demonstrates  the  presence  of  an  extremely 
thin  enveloping  layer  of  protoplasm,  a  local  thickening  on  one  side  of  the  sac  mark- 
ing  the  position  of  the  displaced  and  compressed  nucleus  (Fig.  109). 

Fat-cells  occur  usually  in  groups,  supported  and  held  together  by  highly  vas- 
cular  connective  tissue.  In  localities  possessing  considerable  masses  of  fat,  as  be- 
nealh  the  scalp  and  the  skin,  the  cells  are  grouped  into  lobules  which  appear  as 
yellow  granules  to  the  unaided  eye  ;  in  such  localities  the  typical  spherical  shape  of 
the  individual  fat-cells  is  modified  to  a  polyhedral  form  as  the  result  of  the  niutual 
pressure  of  the  closely  packed  vesicles. 

In  connective-tissue  elements  about  to  become  fat-cells,  isolated  minute  oil- 
drops  first  appear  within  the  protoplasm  ;  these  increase  in  size,  coalesce,  and  grad- 
ually  encroach  upon  the  cytoplasm  until  the  latter  is  reduced  to  a  thin,  almost 
inappreciable,  envelope,  uhich  invests  the  huge  distending  oil-drop.  The  nucleus, 
likewise,  is  displaced  towards  the  periphery,  where  it  appears  in  profile  as  an  incon- 
spicuous  crescent  embedded  within  the  protoplasmic  zone.  After  the  disappearance 
of  the  fatty  matters,  as  during  starvation,  the  majority  of  fat-cells  are  capable  of 
resuming  the  usual  appearance  and  properties  of  connective-tissue  corpuscles  ;  cer- 
tain  groups  of  cells,  the  fat-organs  of  Toldt.  ho\vever,  exhibit  an  especial  tendency 
to  form  adipose  tissue,  and  hence  only  under  exceptional  conditions  part  with  their 
oily  contents. 

CARTILAGE. 

Cartilage  includes  a  class  of  connective  tissue  in  which  the  intercellular  substance 
undergoes  increasing  condensation  until,  as  in  the  hyaline  variety,  the  intercellular 
matrix  appears  homogeneous,  the  constituent  fibres  being  so  closely  blended  that 
the  fibrous  structure  is  ordinarily  no  longer  appreciable. 

Depending  upon  the  differences  presented  by  the  intercellular  matrix,  three 
varieties  of  cartilage  are  recognized, — hyaline,  elastic,  and  Ji drous,  Considered  in 
relation  to  the  denser  connective  tissucs,  the  description  of  fibrous  cartilage,  which 
difiers  but  little  from  white  fibrous  tissue,  should  next  follo\v  ;  since,  hovvever,  the 
term  "cartilage"  is  usually  applied  to  the  hyaline  variety,  the  latter  will  first  claim 
atteniion. 

Hyaline  cartilage,  or  gristlc  (Fig.  iio),enjoys  a  wide  distribution,  forming 
the  articular  surfaces  of  the  bones,  the  costal  cartilages,  ihe  larger  cartilages  of  the 
larynx  and  the  cartilaginous  plates  of  the  trachea  and  bronchi,  the  cartilages  of  the 
noše  and  of  the  Eustachian  tube.  In  the  embryo  the  entire  skeleton,  with  the  ex- 
ception  of  part  of  the  skull,  is  mapped  out  by  primarv  hvaline  cartilage. 

The  apparently  homogeneous  ma/nx  of  hyaline  cartilage,  after  appropriate 
treatment,  is  resolvable  into  bundles  of  fibrous  tissue  ;  ordinarily,  however,  these  are 
so  closelv  united  and  blended  by  the  cementing  ground-substance  that  the  presence 
of  the  component  fibrils  is  not  evident. 

The  cartilaire-cells,  as  the  connective-tissue  elements  which  lie  embedded  within 
the  hyaline  matrix  are  called,  are  irregularlv  oval  or  spherical,  nucleated  bodies. 
They  occupy  more  or  less  completelv  the  interfascicular  clcfts.  or  lacuna^  within 
uhich  they  are  lodged.  In  adult  tissue  usually  two  or  more  cells  share  the  same 
compartment,  the  group  representing  the  descendants  from  the  original  occupant  of 
the  space.  The  matrix  immediatelv  surrounding  the  lacunae  is  specialized  as  a  layer 
of  dif!erent  densitv.  and  is  often  described  as  a  capsule :  a  further  diflerentiation 
of  the  ground-substance  is  presented  by  the  more  recently  formed  matrix,  wh]ch 
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often  statns  wiih  greater  intensity,  thereby  producing  the  appearances  known  as 
the  iell-areai.  The  lacuns  of  hyaline  cartilage  are  hoinologous  with  the  lyinph- 
spaces  of  other  dense  forms  of  connective  tissue  ;  allhough  canals  establishing  com- 
munication  between  the  adjacent  lacun«  are  not  demonstrable  in  the  tissues  of 
the  higher  vertebrates,  il  is  not  improbable  that  minute  iiiterfascicular  passages 
exist  which  facilitate  the  access  of  nutritive  fluids  to  the  cells  enclosed  within  the  ■ 
lacun^- 

The  free  surface  of  cartilage  is  covered  by  an  envelope  of  dense  connective 
tissue,  the  perichondrium  ;  the  latter  consists  of  an  external  fibrotis  layer  of  dense 
fibro-elastic  tissue  and  an  inner  looser  stratum  or  chondrogendic  hyer,  containing 
numerous  connective- tissue  cells,  These  are  arranged  in  rows  parallel  to  the  sur- 
face of  the  cartilage  and,  during  the  growth  of  the  tissue,  gradually  assume  the 
characteristics  of  the  cartilage- cells,  being  at  first  spindle-shaped  and  later  ovoid 
and  spherical.  The  young  cartilage -cel  Is  thus  formed  become  gradually  separated 
by  more  extensive  tracts  of  the  newly  deposited  intercellular  matrix  ;  as  the  groups  of 
cells  originating  from  the  division  of  the  original  occupant  of  the  lacuna  rccede  from 
the  peric hondrial  surface,  they 
lose  their  primary  parallel  dis 
position  and  become  irregu 
iarly  arranged  and  stili  furthe 
separated.  Those  portions  of 
the  ground- substance  most  re 
mote  from  the  perichondriun  ~^ 
at  times  appear  granular,  this  "^ 

feature  being  intensitied  when         "  ^_^ 
as  in  aged  subjects,  a  deposition  •" 

of  calcareous  matter  takes  plače  ^  ^ 

in  these  situaiions. 

In  ariicular cartilage  the  su 
perficial  zone  contains  sparselj  ,v, 

distributed  groups  of  small  cells 
arranged  parallel  to  the  free 
surface ;    in   the  deeper   strata        *  ^ 

these  groups  are  replaced  by  ***     ,^       ^ 

elongated  rows  of  larger  ele  *     'as^  f^ 

ments  lying  perpendicular  to 
the  articular  surface.  Thi^ 
columnar  disposition  of  the  car 
tilage-cells  is  particularly  evi 
dent  towards  the  underlying 
zone  of  calcihed  matrix. 

The  blood-vesseU  of  normal 
cartilage  are  usually  limited  to 
the  periphery,  within  the  perichondrium  or  the  associated  synovial  membranes  ;  the 
nutrition  of  the  cartilage  is  maintained  by  imbibition  of  the  fluids  through  the  matrix 
into  lacuns,  the  existence  of  minute  inierfascicular  canals  being  highly  probable. 
In  the  thicker  masses  of  the  tissue.  as  in  the  cartilagcs  of  the  ribs,  nutrient  canals 
exist  in  those  portions  most  remote  from  the  perichondrium  ;  these  spaces  contain  a 
small  amount  of  areolar  tissue  supporting  the  blood-vessels,  which  are,  however, 
limited  to  the  channels,  the  nutrition  of  the  cartilage  tissue  being  efiected  here,  as  at 
the  peripherv,  by  absorption  through  the  matrix. 

Ner\'es  have  never  been  demonstrated  within  the  cartilages.  which  fact  explains 
the  conspicuous  insensibilitv  of  these  tissues  so  well  adapted  to  the  friction,  concus- 
sion,  and  compression  incident  to  their  functlon. 

Elastic  cartilage,  called  also_)r//<Ja' f/aj/jV  or  rf//ir«/(ir  cartilage  (Fig.  m). 
haa  a  limited  distrlbulion,  occurring  principallv  in  the  cartilages  of  the  extornal  ear, 
part  of  the  Eustnchian  tube,  the  epiglotli.s,  the  cartilages  of  \Vrisberg  and  of  San- 
torini.  and  part  of  the  arytenoid  cartilages  of  the  larynx.  In  its  phvsical  properties 
this  variety  diRers  markedly  from  hyaline  cartilage,  as  It  is  dull  yellowish  in  color 
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and  pliable  and  tougtt  in  consistence,  in  contrast  to  the  blubh  opalescent  tint  and 
comparative  brittleness  of  the  hyaline  variety. 

The  characteristic  feature  of  the  structure  of  the  elastic  cartilage  is  the  presence 
of  elastic  tibres  within  the  intercellular  n]atrix.  The  cell-nests  are  immediatety  sur- 
rounded  by  limited  areas  of  hyaline  intercellular  substance  cotresponding  to  the 
matrix  of  hyaljne  cartilag'e.  The  matnx  intervenlng  between  these  homogeneous 
fields,  honevcr,  is  penetrated  by  delicate,  often  intricate,  nctvvorks  of  elastic  fibres 
extending  in  ali  directions.  The  connective-tissue  cells  lie  within  the  lacunae,  in  the 
hyaline  areas,  and  close!y  resemble  the  elements  of  hyaline  cartilage.  Elastic  carti- 
lage possesses  a  perichondrium  of  the  usual  description. 

Fibrous  cartilage,  ox  fibro-cartilage  (Fig.  112),  as  the  tibrous  variet/is  usu- 
ally  designated,  is  found  in  comparatively  few  localities,  the  marginal  plates  and  the 
interarticular  disks  of  certain  joints,  the  symphyses,  the  intervertebral  dislcs,  sesamoid 
cartil^es,  and  the  lining  of  bony  grooves  for  tendons  being  its  chief  representatives. 


In  its  physical  properties  this  tissue  resembles  both  fibrous  tissue  and  cartilage,  pos- 
sessing  the  flexibility  and  toughness  of  the  former  combined  with  the  lirmness  and 
elasticity  of  the  latter.      A  proper  perichondrium  is  wanting. 

In  structure  fibro- cartilage  closely  resembles  dense  fibrous  tissue,  since  its  prin- 
cipal  constituent  is  the  generally  parallel  wavy  burdles  of  fibrous  connective  tissue  ; 
among  the  latter  lie  small,  irregularly  disposed  oval  or  circular  areas  of  hyaline 
matriK  which  surround  the  cartilage -cel  Is,  singly  or  in  groups,  The  numberof  cells 
and  the  proportion  of  fibrous  matrix  differ  in  various  localities. 

The  development  of  cartilage  proceeds  from  the  mcsoblast,  the  cells  of  tvhich 
undergo  protiferation  and,  forming  compact  groups,  become  the  embryonal  cartilage- 
cells  ;  at  first  the  latter  lie  in  close  apposition,  since  the  matrix  is  tvanting.  During 
the  later  stages,  when  the  masses  of  embryonal  cartilage  map  out  the  subsequent 
skeleta!  segmcnts,  the  cells  are  separated  by  a  small  amount  of  homogeneous  matrix 
formed  through  the  influence  of  these  elements. 
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Caitibge  grows  in  iwo  ways :  (a)  by  the  expansion  produced  by  the  inter- 
stilial  gro-j/lh  effected  by  the  formation  of  new  cells  and  the  associatcd  matrix,  and 
{b)  by  the  addition  of  the  new 

tissue    developed    by  perichon-  Fig.  in. 

driai  growth  at  the  periphery  o( 
the  cartilage  from  the  chondro 
genetic  layer.     The  latter  mode  iBK"?^ 

continues  throughout  the  period  ^K^ 

of  growth,  and  includes  the  di  r. 

rect  conversion  of  the  connec  *\  undin« 

tive-tissue  cells  of  the  perichon  *  ■««-«»> 

drium  in  to  the  cartilage  elements  s 

and  the  accompanying  format  on         (  ( .^     *       *     ^ 
of  new  matrix.  v.    ,  (S  ^       ft  >k. 

The    development    of     the  V-       ('  v„  i 

elastic  fibres  within   the  elastic  V        ^  \~\. 

cartilage  is  secondary,  the  matnx  '  t    ')  ' 

during  theearlystageaof  gro»th  \^<  t  ,  inier- 

being  hyaline.     The  elastic  tis  Ifc,  \  V*'--  *'  """'^ 

sue  first  appears  in  the  fonn  of  Ti  i.  \^\ 

minute    granules,    which    later  %#  X  Ncs        ^'^ 

fuse    and    l>ecome    the    elastic  'Ci        X.  ""s.  \  flPi  \. 

fibres  ;  this  change  firat  appears  "^  -t^        V^»it^A'St..iiii'<tV\'!l''  ~*^'^  i««««n» 

in  the  victnity  of  the  cart  lage  ^K^ŠM^m^j^ 

cells,  the  elastic  reticulum  sub  ^^^S^^^^^^^n! 

9equently  invading  the  more  re  ^-       v     >,^ 

mote  pOrtionSOf  thematnx       In  Sc  lonol  librousran  agclom  n  cncncbnl  dlik     X  nj. 

the  development  of  the  fibro 

cartilage.  the  fibres  appear  coincidently  with  the  hmited  pencellular  areas  of  hya]ine 

substance. 

Chemical  Composition  of  the  Conxective  Svbstances. 

Connective  Tissue. — The  fibrils  of  white  tibrous  connoctive  tissue  consist  of  a 
substance  known  as  collageii.  The  interfibrillar  ground- substance  contains  mainly 
mucoid  and  the  albuminous  materials  serum  globuli  and  serum  albumin.  Gelaiin  is 
the  hydrate  of  coUagen,  and  is  obtaincd  by  boiling  tibrous  tissue  »ith  water,  when 
the  gelatin  separatea  like  a  jelly  on  cooling.  In  the  čase  of  the  yellow  elastic 
fibres,  eloitin  is  found  in  plače  of  collagen.  In  rcticular  tissue  reticulin  is 
found.  The  latter  substance  contains  phosphorus.  These  substances,  namely, 
collagen  with  its  hydrate  gelatin,  elastin  and  perhaps  reticulin,  are  among  those 
kno«-n  as  albuminoids,  which  are  closely  related  to  the  truc  albumins,  yet  differ  in 
some  important  respects.  The  albuminoids,  for  the  most  part,  contain  less  carbon 
and  more  oxygen  than  the  albumins  proper. 

Cartilage. — The  fibres  uhich  are  found  in  the  matrix  of  fibro-cartilage  and 
elastic  cartilage  are  respectively  composed  of  colUgen  and  of  elastin,  just  as  they  are 
io  the  corresponding  connecti\e  tissues. 

According  to  His,  the  chemical  composition  of  human  cartilage  is  as  follows  : 

Coslal  csnilBge.  Articular  cartilage. 

VVater 67.67  73.59 

Sohds 33.33  a6.4i 

Organic  mntter 30.13  ^J.S? 

Mineral  salts 3.10  1.54 

In  the  mineral  salts  there  is  about  45  pcr  cent.  of  sodium  sulphate.  A  somewhat 
smaller  percentage  of  potassium  sulphate,  and  smaller  amounts  of  the  phosphates  of 
sodium,  calcium  and  magnesium,  as  well  as  of  sodium  chloridc,  are  present. 

Adipose  Tiasue. — The  fats  in  the  animal  body  are  niainly  ihe  triglycerides  of 
stearic,  palmitic  and  oleic  acid.  There  is  found  in  man  a  cnmparatively  large  amount 
of  olein.  Small  quantities  of  lecithin,  cholesterin  and  free  iatty  aclds  are  also  found 
in  iat  tissue. 
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BONE   OR   OSSEOUS   TISSUE. 

In  thc  higher  vertebrates,  osseous  tissuc  forms  the  bony  framework,  or  skeleten, 
which  gives  attachment  and  support  to  the  soft  parts,  aflords  protection  to  the  more 
or  less  conipletely  surrounded  delicate  organs,  supplies  the  passive  levers  for  the 
exercise  of  muscular  action,  insures  stability,  and  maintains  the  definite  form  of  the 
animal. 

In  addition  to  contributing  the  individual  bones  composing  the  principal,  and 
in  man  the  only,  framevvork,  or  entoskeleton^  osseous  tissue  occurs  in  the  lower  ver- 
tebrates associated  with  the  integument  as  an  €xoskeieton,  Representatives  of  the 
latter  are  seen  in  the  bony  plates  present  in  the  skin  of  certain  ganoid  fishes, 
the  dermal  plates  of  crocodiles,  the  dorsal  and  ventral  shields  of  turtles,  or  the 
dermal  armor  of  the  armadillo.  Osseous  tissue  also  exists  within  various  organs  in 
certain  animals  and  then  constitutes  the  splanchnoskeleton,  Examples  of  the  latter 
are  furnished  by  the  bony  plates  encountered  in  the  sclerotic  coat  of  the  eyes  of 
birds,  in  the  diaphragmatic  muscle  of  the  camel,  in  the  tongue  of  certain  birds,  in 
the  heart  of  ruminants,  in  the  noše,  as  the  snout-bones  of  the  hog,  in  the  respiratory 
organs,  as  the  laryngeal,  tracheal,  and  bronchial  boncs  of  birds,  and  in  the  genital 
organs,  as  the  penile  bone  of  carnivorous  and  certain  other  mammals. 

True  osseous  tissue  does  not  occur  outside  the  vertebrates.  Many  invertebrate 
animals  possess  a  skeletal  franiework,  usually  external  but  in  some  cases  interna!. 
Such  a  framevvork,  hovvever,  consists  of  calcareous  incrustations,  hardened  excre- 
tions  or  concretions  composed  principally  of  calcium  carbonate  and  of  silicious 
structures.  Thesc  earthy  or  mineral  hard  parts  of  invertebrates  are  structureless 
deposits,  so  difiering  materiali y  from  the  bone  tissue  of  the  higher  vertebrates  as 
well  in  structure  as  in  chemical  composition.  Sometimes  a  deposit  of  calcareous 
material  occurs  in  adult  cartilage,  a  process  entircly  distinct  from  the  formation  of 
bone  tissue.  Familiar  examples  of  such  calcification  are  seen  in  the  costal  and  some 
of  the  lar>'ngeal  cartilages. 

Chemical  Composition. — Bone  is  a  dense  form  of  connective  tissue,  the 
matrix  of  which  is  impregnated  with  lime  salts  ;  it  consists,  therefore,  of  two  parts, 
an  anunal  and  an  earthy  portion,  the  former  giving  toughness  and  the  latter  hardness 
to  the  osseous  tissue. 

The  animal  or  organic  part  of  bone  may  be  removed  by  calcination,  leaving  the 
inorganic  constituents  undisturbed.  If  a  bone  be  heated  in  a  flame  with  free  access 
of  air,  the  animal  matter  at  first  becomes  charred  and  the  bone  black  ;  continued 
combustion  entirely  removes  the  organic  materials,  the  earthy  portion  alone  remain- 
ing.  After  such  treatment,  while  retaining  its  general  form,  the  bone  is  fragile  and 
easily  crushed,  and  has  suflfered  a  loss  of  one-third  of  its  weight,  due  to  the  destnic- 
tion  and  climination  of  the  animal  constituents.  The  latter,  evidently,  constitute 
one-third  and  the  mineral  matters  two-thirds  of  the  bone.  The  inorganic  constitu- 
ents include  a  large  amount  of  calcium  phosphate,  much  less  calcium  carbonate,  with 
small  proportions  of  calcium  fluoride  and  chloride,  and  of  the  salts  of  magnesium  and 
sodium. 

The  animal  portion  of  the  l>onc,  on  the  other  hand,  mav  be  separated  from  the 
inorganic  salts  by  the  action  of  dilule  hydrochloric  acid,  which  dissolves  out  the 
earthly  constitutents  ;  after  such  treatment  the  bone,  although  retaining  perfectly 
ils  form  and  details,  is  tough  and  flexible,  a  decalcificd  rib  or  fibula  being  readily 
tied  into  a  knot.  The  animal  consliluents  of  lx)ne  vield  gelatin  u|X)n  prolonged 
boiling  in  \vater,  therein  resembling  fibrous  connective  tissue, 

The  composition  of  bone,  according  to  Berzelius,  is  as  follows  : 

Organic  matter Gelatin  and  blood-vessels,  33-30 

f  Calcium  phosphate,  5i-o4 

i   Calcium  cariMmate,  11.30 

Inorganic  matter -|  Calcium  fluoride.  2.00 

Maj^fu-sium  nhosj)hate.  1.16 

5>odiuni  oxi<ie  and  sodium  chloride,  1.20 

100.00 
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Physical  Properties. — Rauber  has  shown  that  a  five-millimetre  cubeof  com- 
pact  bone  of  an  ox  when  catcined  uill  resist  pressure  up  to  398  pounds ;  when  decal- 
cified  up  to  136  pounds  ;  under  normal  conditions  up  to  853  pounds,  the  pressure 
being  applied  in  the  line  of  the  lameli^. 

It  results  from  ita  composiiion  that  while  bone  is  very  hard  and  resistant  to  press- 
ure, it  is  aiso  somewhat  ilexible,  elastic,  and  capable  of  withstanding  a  tearing  strain. 
It  b  remarkable  that  in  many  substances  the  power  to  resist  a  crushing  strain  is  very 
diSerent  from  that  of  resisting  a  tearing  one.  Thus.  čast  iron  is  more  than  five  times 
as  resistant  to  the  former  strain  as  to  the  latter,  and  wrought  iron  is  nearly  twice  as 
resistant  to  the  latter  as  to  the  former.  Neither  of  these  materials,  therefore,  is  »ell 
fitted  to  resist  both  strains,  since  a  much  greater  quantit>'  must  be  used  than  would 
be  needed  were  either  material  to  be  exposed  only  to  the  strain  it  is  best  able  to  with- 
stand.     Bone,  however,   has  the  property 

of  resisting  both  strains  with  approximateIy  Fig.  it.^. 

equal  faciliiy,  its  tearing  limit  being  to  iis  ___^— _ 

crushing  limit  about  as  3  is  to  4.  This  has 
the  advantage  that  strength  need  not  be 
obtained  by  great  increase  of  weight,  con- 
sequent]y  the  plan  of  bone  structure  com- 
t^nes  lightness  and  strength. 

Structure  of  Bone. — On  sawing 
through  a  bone  from  which  the  marrow  and 
Otber  soil  parts  have  been  removed  by  ma- 
ceration  and  boiling,  the  osseous  tissue  is 
seen  (Fig.  113)  to  be  arranged  as  a  pe- 
ripheral  zone  of  compact  bone  enclosing  a 
\-ariable  amount  of  spongy  or  cancellatcd 
bone.  In  the  typical  long  bones,  as  the 
humerus  or  femur,  the  compact  tissue  al- 
most  exdusively  forms  the  tubular  shaft 
endosing  the  large  marrow-cavity,  the  can- 
cellated  tissue  occupying  the  expanded 
estremities,  where,  with  the  exception  of 
a  narrow  superficial  slratum  of  compact 
bone,  it  constitutes  the  entire  framework  ; 
the  ciefts  between  the  lamellse  of  the  spongy 
bone  are  direct  extensions  of  the  general 
iiiedullary  cavity  and  are  filled  with  mar- 
row-tissue.  In  the  fiat  bones  (Fig.  116), 
as  those  of  the  skull,  the  compact  substance 
consists  of  an  outer  and  iniier  plate,  or 
iahles,  enclosing  betwcen  them  the  cancel- 
lated  tissue.  or  diploe,  as  this  spongy  bone  „,^^^'1'°".°,  „"^„^"1  i!Ii'n?""ir™nd^'Thi^^ 
koften  termed.  Short  and  irregular  bones  uiiaiyaviiybeioivandihi;s|)o(n;ybonf  abo«. 
are  made  up  of  an  inner  mass  of  spongy 

bone  covered  by  an  external  shell  of  compact  substance  which  often  presents  local 
thickenings  in  order  to  insure  additional  strength  \vhere  most  needed. 

The  cancellated  bone  consisls  of  delicate  bars  and  lamelK-e  which  unite  tO 
form  an  intricate  reticulum  of  osseous  tissue  »ell  calculated  to  insure  considerable 
strength  without  undut^  weight  ;  in  many  positioiis,  conspicuously  in  the  neck  of  the 
femur  (Fig.  374J,  the  more  robust  lamulKL  aru  disposed  in  a  delinite  manner  with 
a  view  of  meciing  the  greatest  strains  of  pressure  and  of  tension. 

Although  composcd  of  the  same  structural  elements.  compact  and  spongy  lx)ne 
difier  in  their  histological  detaiJs  in  consequencc  of  the  second.irv  modifications 
vhich  take  plače  during  the  conversion  of  the  spongv  bone,  the  original  form,  into 
the  compact  suljstance.  To  obtain  the  classic  picture  of  osseous  tissue,  in  order  to 
Study  its  general  arrangement  in  the  most  tvpical  form.  it  is  desirable  to  examine 
thin  ground  scctions  of  the  compact  substance  cut  at  right  angles  to  the  axis  of  a 
long  bone  which  has  t>ecn  macerated  and  dried,  and  in  u  hich  the  spaces  contain  air. 
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[amined  under  low  amplj- 
layers  arranged  as  three 
nd  paratlel  to  the  extemal 


The  compact  bone  in  such  prcparations,  ^ 
fication  (Fig.  114J,  is  secn  to  be  composed  of  i 
chief  groups  :  (a)  ihe  circumferential  lamella,  which  e 

and  interna!  surlaccs  of  the  compact  bone  ;  (A)  the  Haversian  latnellte.  which  are 
disposed  conccntricaIly  and  form  conspicuous  annular  groups,  the  Haversian  systeins, 
enclosing  the  Haversian  canals  ;  and  (f)  the  interstitiai  or  ground  lamella,  which 
constitute  the  intervening  more  or  less  irregularlv  arranged  bony  Iayers  filling  up 
the  spaces  between  the  Haversian  system3  and  the  peripheral  strata. 


li"""- 


Each  Haversian  systcni  consists  of  the  concentncaIly  disposed  lamelliE  and 
the  centrali/  situatcd  channel.  or  Haversian  canal,  enclosing  the  ramifications  of  the 
medullary  blood-vessels  and  associatcd  marrow-tissue.  Betwcen  the  annularly 
arranged  lanicUie  are  seen  sinall  spindic-sh.iped  or  oval  spaces,  the  lacuna,  about 
.02  millimetre  long,  .01  millimctre  witic,  and  .006  niillimetre  thick,  from  vvhich  ex- 
tcnd  minute  radiating  channuls.  the  ranaliculi,  establishing  commiinication  between 
the  ailjacent  lacuna^  of  the  same  Haversian  systein.  The  lacuns  and  the  canaliculi 
constitute  an  intercomniunicating  net-work  of  lyniph-spaces  similar  to  those  encoun- 
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tered  in  other  foniis  of  dense  connective  tissue.  Since  the  lacunae  are  compressed 
0\-al  cavides  lying  between  the  lamella^  of  the  osseous  niatrix,  when  viewed  in  sec- 
tions  which  pass  through  the  layers  at  right  angles  (Fig.  117J,  the  lacunx  present 
iheir  narrower  dimensions,  appearing  thus  in  profile  as  small  lentifortn  spaces  ;  seen 
in  sections,  on  the  contrary,  which  pass  parallel  to  the  lamelis  (Fig.  118),  the 
lacunse  are  broader  and  more  circular,  the  spaces  with  the  canaliculi  forming  the 
^ider-like  iigures  so  conspicuous  in  longitudinal  sections  of  dried  bone. 

The  characteristic  arrangement  of  the  lamellEc  of  the  Haversian  systems  is  due 
to  the  secondary  formation  of  the  osseous  tissue  during  the  conversion  of  the  older 
spongv  bone  into  compact  tissue,  the  circumference  of  the  system  corresponding  to 
the  Haversian  space  in  which  the  subsequent  development  of  the  concentric  lamelUe 

Fig.  115- 


LcHifiritudinaL  scction  of  compai 


took  plače.  It  follous,  from  this  relation,  that  Haversian  systems  exist  only  in  com- 
pact bone,  since  the  necessary  secondary  deposit  does  not  occur  during  the  growth 
of  the  spongy  or  cancellous  tissue. 

The  lamellie  of  osseous  tissue,  when  deprived  of  the  mineral  matters  and  exam- 
ined  in  thin  fragments,  often  display  the  ultimate  fibrous  siructure  which  they  pos- 
sess,  since  they  consist  of  dclicatc  fibriis  cA  fibrous  tissue  embedded  uithin  a  ground- 
substance  and  associated  into  bundles  which  are  arranged  as  crossing  and  intenioven 
layers.  Within  the  Haversian  lameli*  the  fibrous  bundlcs  cross  generally  at  right 
angles,  but  in  other  locations  they  are  Icss  reeularly  and  more  acutely  disposed. 

The  perforating  fibres  of  Sharpcy  (Fin-  i'?^  consist  of  bundles  of  fibrous 
tissue  which  penetrate  the  lamellae  in  a  direction  perpendicular  or  oblique  to  their 
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surface,  and  thus  pin  or  bolt  the  layers  together.  These  fibres  are  especially  numer- 
ous  in  ihe  superficial  lamcllie  beneath  the  periosteum,  to  whicK  membrane  ihej'  owe 
their  formation,  and  with  which  many  seem  to  be  directly  continuous.     They  are 


Ciruli 


readily  lound  on  the  surfaces  of  the  lafticlls  of  decalcified  bone  which  have  been 
lorcibiy  separated  Although  usually  consibting  ol  bundles  of  tibrous  tissiie,  it  is 
probable  that  m  some  cases  the  perfor-ttmg  fibres  are  elastic  in  nature.  They  are 
p  imperfectly  calcified  and  lea\e  therefore.  on  drying,  tubular  canals, 
which  pierce  the  lamella  Irom  the  ex- 
F>o    "7  tenor  of  the  bone.      Since  the  perfo- 

rating  fibres  are  associated  genetically 
with  the  periosteum,  lhey  are  never 
found  in  the  secondarv  lamell^E  consti- 
tiiting  the  Havt-rsian  systems. 

The  Haversian  canals  are  con- 
tmuations  of  the  niedullary  cavitv  and 
serve  the  important  purpose  of  con- 
\eying  the  blood-vessels  within  the 
compact  substance  ;  frnm  these  vessels 
the  nutritive  fliiids  pass  into  the  peri- 
\ascular  Ivmph-spaces  between  the 
walls  of  the  canal  and  the  blood-ves- 
scls  nnd  tlience.  by  way  of  the  cana- 
liciili,  tthich  apen  into   ihcse  Ivmph- 

'j'«  '  "" ~'  '"         spiccs,  into  the  adjacent  laciime,  and 

so  on  into  the  surrounding  portions  pf 
lul^stance    the  nutrition  of  «hich  is  thus  maintained.      Although  ihe 
avera^;e  size  of  the  candsiiabom    os  milhmetre.  ihose  next  the  medullary  cavitv 
are  largcr,  some  measunng    t  milhmetre  or  more  in  diameter,  and  contain,  in  addi- 
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tion  to  the  blood-vessels,  an  extension  of  the  inarrow-tissue.  The  individuat  chan- 
neb  are  short,  and  coinmunicate  by  oblique  branches  with  adjacent  canals  (Fig. 
1 15,1.  The  Haversian  canals  indirectly  communicate  with  the  external  surface  of 
the  bone  by  means  of  the  channels,  or  Volktnanris  canals,  within  the  circumfer- 
ential  lamellae,  which  open  by  minute  orifices  and  receive  vascular  twigs  from  the 
periosteal  blood-vessels  (Fig.  122);  the  latter  are  thus  brought  into  free  anasto- 
mosis  with  the  branches  derived  from  the  meduilary  vessels,  the  two  consticucing  a 
freely  communicating  vascular  net-work  throughout  the  compact  substance. 

The  Bone-Cells.— The  detailsof 
osseous  tissue  thus  far  considered  per-  Fio-  118. 

tain  -to  the  structure  of  the  passive  in- 
tercellular  constiluents  of  a  dense  con- 
nective  tissue  ;  in  addition  to  these,  as 
in  other  forms  of  connective  substances, 
the  more  active  elements  are  the  con- 
nective-tissue  cells,  here  known  as  the 
bone-cells.  As  already  pointed  out,  the 
lacunx  and  the  canaliculi  represent  in- 
tercommunicating  ]ymph-sp3Ces,  similar 
to  those  encountered  in  the  cornea  or 
other  dense  connective  tissue  ;  as  in  the 
latter  so  also  in  the  osseous  tissue,  the 
Ccllular  elements  occupy  the  lymph- 
Spaces,  the  bone-cells  lying  within  the  lacunae.  Since  the  classic  pictures  of  bone 
are  derived  from  ground  sections  ol  dried  tissue,  in  such  preparations  the  deli- 
cate  bone-cells  have  shrunken  and  disappeared,  and  the  lacunse  contain,  at  best, 
only  the  indistinguishable  remains  of  the  cells  mingled  with  dtbris  produced  during 
the  preparation  of  the  section  ;  the  lacunse  and  the  canaliculi  in  dried  sections 
are  filled  with  air,  by  reason  of  ivhich  condition  they  appear  as  the  familiar  dark, 
sharply  defined,  conspicuous  spider- 
FiG.  ijg.  likefigures. 

In  order  to  study  the  bone- 
cells,  the  tissue  after  fixation  is  de- 
calcified  and  stained,  and  mounted 
in  an  approved  preserving  medium  ; 
in  consequence  of  such  treatment 
the  air  is  displaced  from  the  spaces 
within  the  bone,  which  now  appear 
Iaintly  outlined.  the  delicate  ramifi- 
cations  of  the  canaliculi  in  places 
being  almost  invisible.  The  bone- 
cclis,  after  being  stained  in  such 
decalcifted  preparations,  appear  as 
small  lenticutar  or  stellate  bodies 
within  thelacuns  (Fig.  121),  which 
they  almost  entirely  fill.  Each  cell- 
body  consists  of  granular  cytoplasm 
from  n-hich  delicate  processes  ex- 
tend  for  a  variable  distance  into  the 
canaliculi,  in  (avorable  localities  the 
protoplasmic  processes  sent  out  by  adjacent  bone-cells  sometimes  meeting.  The 
deepiv  staining  nucieus  appears  as  a  brillinnt  point  within  the  stellate  celi. 

The  Periosteutn,— The  external  surface  of  bones  is  closely  invested,  except 
where  covered  with  cartilage,  with  a  fibrous  membrane,  the  periosteitm,  a  structure 
of  great  importance  during  development  and  growth,  and  later  for  the  nutrition 
and  protection  of  the  osseous  tissue.  During  childhnod  an  end  of  the  immature 
bone  may  be  broken  off  and  yet  held  in  plarc  by  the  periosteum,  The  adtilt  peri- 
osteum  consists  of  two  lavcrs,  an  outcr  fibrous  and  an  inner  fibro-elasdc ;  when 
covering  young  bones,  however,  in  which  growth  is  actively  progressing,  the  peri- 
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osteum  contains  an  additional  stratum,  the  osieogenetU  layer,  ivhich  lies  closely  asso- 
ciated  with  the  exterior  of  the  bone,  AUer  growlh  has  ceased,  the  osteogenetic 
laycr  Inicomes  reduced  to  an  inconspicuous  stratum  included  as  part  of  the  Abro- 
elaslic  constituent  of  the  periosteum. 

The  Jibrous  layer  is  composed  ol  closely  placed  bundlcs  of  fibrous  conneclive 
tissue,  and  scrves  to  support  lai^er  blood-vessels  which  break  up  within  the  deeper 
parts  of  the  periosteum  into  the  minute  twigs  entering  the  canaU  opening  onto  the 
surface  of  the  bone. 


^■■^^-^"■*^  '-^^ 


cclion  ol  <Iecaltill«l  til 


imiUie  anil  group5  ol  Sharpev'* 


The /ibro-elaslic  layer  consists  of  a  rich  fclt-work  of  elastJc  fibres,  often  arranged 
as  severa!  distinct  strata  ;  the  elastic  tissue  is  scparated  from  the  surface  of  the  bone 
by  a  layer  of  fil>rous  tissue  comparatively  rich  in  tlat,  plate-!ikc  connecti\'e- tissue 
cells,  the  remains  of  the  dcments  of  the  osteogenetic  layer,  The  inner  surface  of 
tbe  periosteum  is  intimately  attached  to  the  osseous  tissue  by  means  of  delicate 
processcs  of  connective  tissue  which  accompany  the  blood-vessels  into  the  nutrient 
canals  ;  this  relation  persists  from  the  continuity  of  the  formative  tissue  of  the  young' 
periosteum  with  the  early  m arrow- tissue. 
HiG.  III.  Between  the  fibrous  bundles  ncxt  the  bone 

iiumerous  cleft-like  lymph-spaces  exist ; 
these  are  imperfectly  lined  by  the  endothe- 
iioid  connective-tissue  cells  and  communi- 
cate  with  the    lymph-channels  vithin   the 

The  osteogenetic  laycr,  conspicuous 
during  the  developmcrt  and  growth  ol  the 
osseous  tissue,  consists  of  delicate  bundles 
of  fibrous  tissue  and  large  numbers  of 
connective-tissue  cells  of  an  embryonal 
ty|>e.  Thosc  next  the  growing  bone  as- 
sume  a  low,  irrcgular  columnar  form,  and 
are  disposcd  in  rows  ujion  the  surface  of 
BoiK-cciii  iviiiK  »iihin  ih*  i»L  uii:r,    ■  7«>.  tbc  dcvcloping  osseous  tissue  ;  since  thcsc 

cells  are  concemed  in  the  production  ol  tbe 
latter,  they  are  appropriately  termed  osteoblasts.  Later  some  of  them  bccome  sur- 
rounded  by  ihe  bony  matrix,  and  are  thus  transformed  into  bonc-cells.  The  osteo- 
genetic layer  is  rich  in  blood-vessels  which,  as  the  bone  is  lormed,  are  continucd  into 
the  primary  marTow-cavilics. 

The  Marrow.  -The  spaces  in  the  interior  of  bones,  whcthcr  the  large 
medu!lary  cavities  surrounded  by  the  compact  substance  fiirminK  the  shaft  of  the 
long  bones  or  the  irregular  interstices  between  the  trabeculae  composing  the  cancel- 
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lated  tissue,  are  tilled  with  bone-marrour.  The  iatter  also  extends  within  the  larger 
Haversian  canals. 

Aithough  originally  only  of  one  variety  within  the  bones  ol  the  early  skeleton, 
the  [nan'ow  in  the  adult  consists  of  two  kinds,  the  yello'w  and  the  red.  Thus,  within 
the  shaft  of  the  long  bones  it  consists  of  a  light  yellowish  tissue,  presenting  the  char- 
acteristica  of  ordinary  adipose  tissue,  while  vvithin  the  spaces  of  the  cancellated  tissue 
at  the  ends  of  the  same  bones  the  marrovv  appears  of  a  dull  red  coior.  In  addition 
tO  the  ends  of  the  long  bones,  the  localities  in  which  red  marrow  especially  occurs 
are  ihe  bodies  of  the  vertebr«e,  the  ribs,  the  sternum,  the  diploe  of  the  cranium,  and 
the  short  bones. 

Red  Marrow. — The  ingrowth  of  the  periosteal  tissue  and  blood-vessels  con- 
stitutes  the  primary  marrow  within  the  embryonaI  skeleton  ;  from  this  tissue  the  red 
inarrow  lilling  the  young  bones  is  direct1y  derived.     The  red  marrow  is,  therefore, 
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ihe  typical  and  first  formed  viriety  »ithin  the  fcetus  and  the  young  animal  ;  subse- 
quently,  that  situated  »ithin  the  shaft  of  the  long  bones  becomes  converted  into 
yellow  marrow  b>  the  replacement  of  the  majorit)  o(  the  marro»  elements  by  fat- 
cells. 

The  red  marro«  (Fig.  123),  when  e.iamined  in  section  after  fixaiion  and  staining, 
presents  a  delicate  reticuluni  of  connective  tissue  which  supports  the  numtrous 
medullary  blood-vessels  and  ihe  cellular  elements.  Next  the  bone  the  fibrous  tissue 
forms  a  thin  membrane,  the  rndosteiim,  lining  the  niedii!lary  cavitv  and  the  larger 
Haversian  canals  into  which  the  marrow  extends.  This  membrane  is  highly  vascu- 
lar.  its  vessels  joining  those  within  the  osseous  canals  on  the  ono  side  and  those  o( 
the  maiTow  on  the  other. 

The  delicate  fibrous  reticulum,  in  addition  to  the  thin-«alleil  Idood-channcis 
which  it  supports,  contains  withtn  its  meslies  the  several  varieties  of  elements  char- 
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acterislic  of  the  rtiJ  marroiv  ;  these  are  :  (i)  the  marrcnv-celh ,  (2)  ihe  eosinophiU 
celiš,  (3J  the /^ia»/ cc//s,  and  {4I  the  nucleaUd red blood-ceils. 

The  marrow-cella,  or  mjcloc)'Us,  resemblt  the  lai^e  lymphocytes  of  the 
blood,  biit  inay  dificr  from  the  lattt-r  in  their  slightly  larger  size  and  in  the  possession 
of  a  relatively  largc  round  or  oval  nucieus  which  contains  comparatively  Httle 
chromatin;  the  prt-scnce  of  neutrophile  granules  within  the  cvtoplasm  of  the  inarrow- 
cells  afiords  an  additional  diffcrential  chardcterislic  wheii  compared  wilh  the  large 
lyniphocytes  in  which  these  granules  are  absent. 

The  eosinophile  cells  occur  in  considcrable  numbers  within  the  red  marrow, 
and  appear  in  varying  stagcs  of  growth,  as  cvidcnced  lt>'  their  round  mononncUar, 
the  indented  Iransitional  as\f^  segmented^tf/i'/«t"^A<T«af/rcnr  condition  ;  the  cells  con-   * 
taining  the  laiier  form  of  nucieus  are  most  abundant  and  represent,  probably,  the 
mature  elements. 

The  giant  cells,  or  myeloplaxes,  are  hufic  elements  of  irregular  oval  form,  and 
contain  simple  or  polymorphous  nuclci.     They  represent  specialized  inyelocyte3, 

Fio.  [23. 


and  during  the  processes  resulting  in  the  remova!  of  osseous  tissue  they  are  the 
osleoclasls  which  are  actively  engaged  in  eflecting  the  al>sorption  of  jhe  bony 
matrix.  Ordinnrily  the  giant  cells  occupv  the  central  portions  of  the  marrow  : 
»hcn,  however,  ihey  enter  npon  the  riile  of  bone-destroyers,  they  lie  on  the  sur- 
face  of  the  osseous  trabecula;  within  the  dupressions  known  as  Howsh>p' s  lacuna 

(Fig.    12«). 

The  nucleatcd  red  blood-cells  withLn  ihe  red  marrow  are  concerncd  in  the 
important  lunction  of  reniwing  the  colond  cells  of  the  blood,  the  red  marrow  lieing 
the  chief  seat  in  which  this  process  taki-s  placi-  afli-r  birth  :  hence  the  red  marrow  is 
classed  :is  a  blood- form  i ni^  oriraii.  The  nuclcatid  red  blood-cills  exist  »ithin  the 
marrow  in  two  lorms.  aii  ollk-r  and  a  vminger.  The  gcneticallv  oKIer  cells.  the 
enfirfSlasis,  are  the  di-scendants  of  the  embrvonal  niLclcati-<i  blood-cells  on  the  one 
hand  and  ihe  immediate  parcnis  of  the  vount^vr  blood-clements  on  the  other.  The 
erjthroblasts  possess  relaiivelv  largo  nnciL-i,  with  chromatin  rctirulum  and  cvloplasm 
tingeil  with  h.tmoglobin  ;  thev  are  fntnientlv fibserved  dnririg  mitosis,  since  thi  v  give 
rise  to  the  second  generation  of  nucieated  red  bluud-cells.      The  latter,  the  / 
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fi/as/Sy  are  directly  converted  into  the  mature,  non-nucleated  red  blood-disks  on  the 
disappearance  of  their  nucleus.  In  addition  to  a  larger  amount  of  haemoglobin  in  their 
cytoplasm,  the  normoblasts  difier  from  the  erythroblasts  in  the  possession  of  a  deeply 
staining  nucleus,  in  which  the  chromatin  no  longer  appears  as  a  reticulum. 

It  is  usual  to  find  isolaled  groups  of  fat-cells  distributed  within  the  red  marrow, 
although  the  amount  of  adipose  tissue  is  very  meagre  in  localities  farthest  removed 
from  the  medulla  of  the  long  bones.  The  varieties  of  leucocytes  usually  seen  in  the 
blood  are  also  encountered  within  the  red  marrow  in  consequence  of  the  intimate 
relations  between  the  latter  tissue  and  the  blood-stream  conveyed  by  the  medullary 
capillaries.  • 

Yellow  Marrow. — Since  the  appearance  of  the  yello\v  marrow  is  due  to  the 
prep>onderating  accumulation  of  fat-cells  which  have  replaced  the  typical  elements 
of  the  marrow  contained  within  the  shaft  of  certain  bones,  the  formation  of  this 
variety  is  secondary  and  must  be  reg^rded  as  a  regression. 

£xamined  in  section,  yellow  marrow  resembles  ordinary  adipose  tissue,  since 
it  consists  chiefly  of  the  large  oval  fat-cells  supported  by  a  delicate  reticulum  of 
connective  tissue.  In  localities  in  which  the  latter  exists  in  considerable  quantity, 
numerous  lymphoid  cells  represent  the  remaining  elements  of  the  originally  typical 
marrow-tissue.  After  prolonged  fasting  the  yellow  marrow  loses  much  of  its  oily 
material  and  becomes  converted  into  a  gelatinous  substance  containing  compara- 
tively  few  fat-cells  ;  upon  the  re-establishment  of  normal  nutrition  this  tissue  may 
again  assume  the  usual  appearance  of  yellow  marrow. 

Blood-Vessels. — The  generous  blood-supply  of  bones  is  arranged  as  two  sets 
of  vessels,  the />enos/ea/  and  the  medullary\  The  former  constitutes  an  extemal 
net-work  within  the  periosteum,  from  which,  on  the  one  hand,  minute  twigs  enter 
the  subjacent  compact  substance  through  channels  (  VolknianrC s  canals)  communi- 
catijig  with  the  Haversian  canals,  \vithin  which  they  anastomose  vvith  the  branches 
deri  ved  from  the  medullary  system  ;  additional  vessels,  on  the  other  hand,  pass  to 
the  cancellated  tissue  occupying  the  ends  of  the  long  bones. 

The  fnedullary  artery  is  often,  as  in  the  čase  of  the  long  bones,  a  vessel  of  con- 
siderable size,  which,  accompanied  by  companion  veins,  traverses  the  compact  sub- 
stance through  the  obliquely  directed  medullary  canal  to  gain  the  central  part  of  the 
marrow.  On  reaching  this  position  the  medullary  artery  usually  divides  into  ascend- 
ing  and  descending  branches,  from  which  radiating  twigs  pass  towards  the  periphery. 
The  latter  terminate  in  relatively  narrow  arterial  capillaries,  which,  in  turn,  expand 
somewhat  abruptly  into  the  larger  venous  capillaries.  Such  arrangement  results  in 
diminished  rapidity  of  the  blood-stream,  the  blood  slowly  passing  through  the  net- 
work  formed  by  the  venous  capillaries.  The  latter  vessels,  within  the  red  marrow, 
possess  thin  walls  and  an  imperfect  endothelial  lining  in  consequence  of  which  the 
blood  comes  into  close  relation  with  the  elements  of  the  medullary  tissue.  During 
its  sluggish  course  within  the  blood-spaces  of  the  red  marrow,  the  blood  takes  up  the 
newly  formed  red  cells,  \vhich  thus  gain  entrance  into  the  circulation  to  replace  the 
effete  corpuscles  \vhich  are  continually  undergoing  destruction  \vithin  the  spleen.  It 
is  probable  that  leucocytes  also  originate  in  the  bone-marrow. 

After  thus  coming  into  intimate  relations  with  the  marrow-tissue,  the  blood  is 
collected  by  capillaries  which  form  small  veins.  In  addition  to  the  companion  veins 
accompanying  the  nutrient  artery  along  the  medullary  cahal,  in  many  instances  the 
larger  veins  pursue  a  course  independent  of  the  arteries  and  emerge  from  the  can- 
cellous  tissue  by  means  of  the  canals  piercing  the  compact  substance  at  the  ends  of 
the  bones.  Although  destitute  of  valves  uithin  the  medulla,  the  veins  possess  an 
unusual  number  of  such  folds  immediately  after  escaping  from  the  bone. 

Lyinphatics. — The  definite  lymphatic  channels  of  the  bones  are  principally 
associated  with  the  blood-vessels  of  the  periosteum  and  the  marrow  as  perivascidar 
channels^  although  it  is  probable  that  lymphatic  spaces  exist  within  the  deeper  layers 
of  the  periosteum,  in  close  relation  to  the  osseous  tissue.  The  perivascular  lym- 
phatics  follow  the  blood-vessels  into  the  Haversian  canals,  \vhere,  as  well  as  on  other 
surfaces  upon  which  the  canaliculi  open,  the  svstem  of  intercommunicating  juice- 
channels  represented  by  the  lacuna?  and  the  canaliculi  is  closely  related  with  the 
lymphatic  trunks. 
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Nerves.— The  periosteum  contains  a  cunsidcrablc  number  of  nerves,  the  ma- 
joriiy  of  which,  however,  are  destined  for  the  supply  of  the  underlying  osseous 
tissue,  since  those  distributed  to  the  Abrous  envciope  of  the  bone  are  few.  The 
periosteal  nerves  follow  the  largcr  blood-vessels,  in  ihe  walls  of  which  they  chiefly 
terminale.  Medullary  nerves  accoinpany  the  corresponding  blood-vessels  through 
the  medullary  canal,  and  within  the  marrow  break  up  into  fibrillie  to  be,  probably, 
distributed  to  the  walls  of  the  vascular  branches  along  which  they  lie.  Regarding 
the  ultimate  endings  and  arrangement  of  the  sensory  tibres  little  is  knoivn  ;  in  view 
of  the  low  degree  of  sensibiHty  possessed  by  healthy  bones  and  their  periosteum, 
the  number  of  such  nerves  present  in  osseous  structures  must  be  very  small. 


DEVELOPMENT   OF   BONE. 

The  bones  composing  the  human  skeleton,  with  (ew  exceptions,  are  preceded 
by  masses  of  embryonal  cartilage,  which  indicate.  in  a  general  way,  the  (orms  and 
relations  of  the  subsequent  osseous  segmcnis,  although  many  details  of  the  modd- 
ling  seen  in  the  mature  bones  appear  oniy  after  completed  development  and  the  pro- 
longed  exercisc  of  the  powerful  modifying  influences  exerted  by  the  action  of  the 
attached  muscles.  Since  the  primary  formation  of  such  bones  talces  plače  within 
the  cartilage,  the  process  is  appropriately  termed  endochondral  development. 

Certain  other  bones.  notably  those  forming  the  vault  of  the  skull  and  almost  ali 

those  of  the  face,  are  not  preceded  by  cartilage,  but,  on 

Fig.  114-  the  contrary,  are  produccd  within  sheets  of  connective  tis- 

«sue ;  such  bones  are   said,  therefore,   to  arise  by  intra- 
L  membranous  devetopment.      It  will  be  scen,  however,  that 

Bj^  the  greater  part  of  the  bone  formed  by  endochondral  de- 

^BT  vejopment  undergoes  al)sorption.    the  spongy  substance 

^F  within  the  ends  of  the  long  and  the  bodies  of  the  Jrregu- 

Jp  lar  bones  representing  the  persistent  contribution  ol  this 

S.  process  of  bonc-production.     Even  in  those  cases  in  which 

the  intracartilaginous  mode  is  conspicuous,  as  in  the  de- 
velopment of  the  humerus,  femur.  and  other  long  bones, 
the  tmportant  parts  consisting  of  compact  substance  are  the 
product  of  the  periosteal  connective  tissue,  and  hence  ge- 
netically  resemble  the  intramembranous  group.  Although 
both  methods.ol  bone- formation  in  many  instances  proceed 
coincidently  and  are  closely  related,  as  a  matter  of  coi>- 
venience  they  may  be  described  as  independent  processes. 
Endochondral  Bone  Development. — The  pri- 
mary  cartilage,  formed  by  the  proliferation  and  condensa- 
tion  of  the  elements  of  the  young  mesoblastic  tissue,  grad- 
ualty  assumes  the  characteristics  of  embrvonal  cartilage, 
which  by  the  end  of  the  second  month  of  intra-uterine  life 
maps  out  the  principal  segments  of  the  fcetal  cartilaginous 
skeleton.  These  segments  are  invesled  by  an  immature 
form  of  perichondrium,  or  primary  periosteum,  from  whlch 
proceed  the  elements  actively  engaged  in  the  production 
of  the  osseous  tissue,  The  primary  periosteum  consists  of  a 
compact  OMter  Jilirous  and  a  looser  inner  osleogeneiic  layer; 
the  latter  is  rich  in  cells  and  delicate  intercellular  fibres. 
The  initial  changes  appear  within  the  cartilage  at  points  known  as  centres  of 
ossification,  ivhich  in  the  long  bones  are  situated  about  the  middlc  of  the  future  shaft. 
These  early  changes  (Fig.  125)  involvc  both  cells  and  matrix,  which  exhibit  con- 
spicuous  increase  in  sizc  and  amount  respectively.  As  a  further  consequence  of  thts 
activity.  the  cartilage- cells  bccome  larger  .ind  more  vesiciilar,  and  encroach  upon  the 
intervening  njalrijt,  in  which  deposition  of  Umesalts  now  takes  plače,  as  evidenced 
by  the  gritty  resistance  oficred  to  the  knife  when  carrlcd  through  such  ossific  centres. 
On  acquiring  their  masimuni  growlh  the  cartilagc-cclls  soon  exhibit  indications  ol 
impaired   vitality.   as  suggestcd  by    their  shrinking   protoplasm  and  degenerating 
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nudei.     The  eniarged  spaces  enclosing  these  celU  are  sometimes  designated  as  the 

primary  areola. 

">    '  Coincidently  with  thcse  intracartilaginous  changes,  a  thin  peripheral  layer  of 

-^Jjone  has  been   formed  beneatTT  tTie  'yo"un^  periosteuni  :  frofn   tKe  Tatter  ^ud-likg 

,^processes  of  the  osteogenetic  iayer  p^o^v   jnvvardlrom  the   periphery  arid   invade 

^   -the  embryonal  cartilage,  by  absorptioh  of  the  carulage-matrix  gaining  the  centre 

of  ossification  and  thcre  eŠecting  a  destruction  of  the  lesa  resistant  cells  and  inter- 

venjog  jnaiEiK.      In  consequence  of  the  penetration  of  the  periosteal  processes  and 
;_^  ,the  accompanying  ab»orption  of  the  cartilage,  a  space,  the  f>rimary  marroW'Cavity, 

now  ocmoies  the  centre  o(  ossification  and  contains  the  direct  conCuiuatioa_oHh5.- 
/ '^teogenedc  la^r.     This  ti^ue,  tite  fir!mary  tnarrow,  which  has  thus  gained  access 

to  tlie  interior  oTthe  cartilage,  1 


^^/ 


ributes  the  cellular  elements  upon  which  a  double 
.   'rflle  devolves, — jo  produce  osseous  tissue  aod  to  remove  the  einbryonal  cartilage. 
The  cartilage^atrix  clošiag  the 
en!wEed_  cell-spaces   riext   the  pri-  Fio  115 

roaryjnarrow-cavity  sufiers  atragrp- 
Uon,  vtrhereE/TKe^čarllTage- cells  are 
liberated  and  the  opened  spaces  are 
convcrted  into  the  secondary  areola, 
and  direct1y  commiinicate  with  the 
growing  niedullary  cavity.  Afier 
the  establishment  of  this  communi- 
cation,  the  cartilage- cells  escape  from 
their  former  homes  and  undergo  dis- 

Iintegration,  laking  no  part  in  tke 
direct  production  o/  tke  osseous  tissue, 
Beyond  the  immediate  limits  of 
the  primarv  marrow-cavity  the  car- 
til^e-cells,  in  turn,  repeat  the  pre- 
paratory  stages  of  increased  size  and 
impaired  vitality  already  described, 
',.  hal  in  addition  they  often  exhibit  a 
'conspicuous  rearrangement,  where- 
by  lhey  form  columnar  groups  sepa- 
rated  by  intervening  tracts  of  calci- 
fied  matri«  (Figs.  136,  129).  This 
characteristic  belt^.or  z&ne  of  calci- 
ficatiatt,  ^rrounds  the  iiiedullary 
cavitv  and  marks  the  area  in  which 
the  aestniction  of  the  cartilage  ele- 
ments is  progressing  with  greatest 
energy.       In   consequence   of    the 

columnar  grouping  of  the  enlai^ed     s^  „  „(  „™,  bone  of  1  «ai  sh«p  >hD»  ng  «w™  oi  o«ifi- 
cartilage-cells   and    the  intervening  """       S" 

septaof  calcified  matrix,  an  arrange- 
'  ment  particularly  well  marked  in  the  ends  of  the  diaphysis  of  the  long  bones,  a  less 
I  and  a  more  resistant  portion  of  the  cartilage  are  oBered  to  the  attacks  of  the  marrow- 
tissue  by  the  celi-  and  matris-columns  respectively  ;  as  a  result  of  this  difierence, 
■  the  cells  and  the  immediately  surrounding  partilions  are  first  absorbed,  while  the 
'  intervening  trabeculie  of  calcified  cartilage- m  al  rix  reniain  for  a  tirne  as  irregular  and 
indented  processes,  often  deeply  tinted  in  scctions  stained  with  hamatoxyIin,  which 
.  extend  beyond  the  last  cartilage- cel! s  into  the  medullary  cavity.  These  trabeculie 
of  calcified  cartilage  -  mat  rix  serve  as  supports  for  the  marrow-cells  assigned  to  pro- 
duce the  true  bone,  since  these  elements,  the  osleoblasls,  become  arranged  along 
these  trabeculie,  upon  which,  through  the  influence  of  the  cells,  the  osseous  tissue  is 
lormed. 

Siniultaneousty  with  the  destrudive  phase  attending  the  absorption  of  the  car- 
tilage, the  eonstnutive  proces,s  is  instituted  by  the  osteoblasts  by  which  the  bone- 
'.'1  tissue  is  formed.     These  specialized  connecti ve- tissue  elements,  resting  upon  the 
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6nally,  they  lie  isolated  within  the  newly  formed  bone  as  its  cells  ;  the  bone-cetU  are 
therefore  imprisoned  osteoblasts,  which,  in  turn,  are  specialized  connective-tissue 
I  elements.  The  bone-cells  occupy  minute  lenticular  spaces.  ihe  primary  iacunte,  at 
this  imniature  stage  the  canaliculi  being  stili  unformed.  The  early  bone-matrix  is  at 
first  soft,  since  the  deposition  of  the  calcareous  materiala  takes  plače  subsec}uentiy. 

The  increase  in  the  thickness  of  the  new  bone  is  atiended  by  the  gradual  disap- 
pearance  of  the  enclosed  reniains  of  the  calcified  cartilage,  the  last  traces  of  \vhich, 
however,   can   be  seen  for  some   considerable  tirne  as 

irregular  patches  »ithin    the  osseous  trabeculs  (Fig.  Fig.  IJ7. 

131  J,  somewhat  removed  from  the  zone  of  calcification. 
The  cartilage  and  the  bone  of  the  trabecul^  stand, 
therefore,  in  inverse  relations,  since  the  siratum  of  bone 
b  thinnest  where  the   cartilage  is  thickest,   and.   con-  »^ 

verselv,  the  calcified  matrix  disappears  within  the  robusl  t».*^^  -^       * 

bonv  trabeculae.  A  number  of  the  latter,  togetlier  with  o,  ha  — ^a-jS  '■^  ^ 
the  enclosed  remains  of  the  calcified  cartilage,   soon      aho'""''  »^         k*~ 

undergo  absorption,  with  a  corresponding  enlargement  o  \  tt^ 

of  ihe  intervening  marrow -spaces.      The  remaining  tra-     ^^^^  i^       <    '^  *i 
beculs  increase  by  the  addition  of  new  lamelte  on  the  *~-s^     % 

surface  covered  by  the  osteoblasts,  aiid  at  some  distance  •■  ^3 

from  the  zone  of  calcification  form  a  trabccular  reticutum,  "  *      ~'~'~'^^JiA 

the  primary  centra/  spongv  bone.     In  the  čase  of  the  *"i^»fr 

in-cgutar  bones,  the  central  spongv  bone  is  represented  i^^,  ^  a  K>n  n  s«ra»  ■» 
by  the  cancellated  substance  forming  the  internal  f rame-  i^^  a  ai"!  a  n  »  »  x  3  5 
Vfork  :  in  the  long  bones,  on  the  contrary,  the  primarv 

cancellated  tissue  undergoes  (urther  absorption  »ithin  the  middle  of  the  shaft  s  mul 

taneously  with  its  continued  development  at  the  ends  of  tlie  d    ph  s  s  f  on   the  car 

tjlage.      As  the  result  of  this  absorption,  a  large  space — the  ce  t  aln  arrou    atii} — is 

formed  (Fig.  129),  ihe  growth  of  which  keeps  pace  with  the  ^c  e  al  expa  sion  of 

the  bone. 

,,  .         The  absorption  of  the  young  osseous  tissue  to  which   reference  has  been  made 

'"  'is  effected  through  the  agency  of  large  polvniorphonucleated  elements,   the  osiett- 

c/asts.     These  are  specialized  marrow- 

cells  whose  particular  role  is  the  break- 

ing  up  and  absorption  of  boTie-matrix. 

Thev  are   relatively   very  large,   their 

irregularly  oval  bodies  measuring  from 

.050  to  .  100  millimetre  in  length  and 

from  .030  to. 040 millimetre  in  breadth. 

^,  ^^       The  osteoclasts  (Fig,    128),  singly  or 

in  groups,  lie  in  close  relatton  to  the 

surface  of  the  bone  which  they  are  at- 

>,ii         tacking  »ithin  depressions,    or  /fiw- 

',','^  ski/>'s  lacuna,  produced  in  consequence 

of   the  erosion  and   absorption  of  the  1 

osseous     matrix     which     they    effect.  I 

When  not  engaged  in  the  destruction  of 

bone.  these  cells  occupy  themore  central 

portions  of  the  marrow-tissue,  where, 

in  the  later  stages,  they  are  probably 

identical  with  the  myeloplaxes  or  giant 

cells  encountered  in  the  red  marrow. 

The  only  part  of   the  central  spongy  bone  which  persists  after  the  completed 

development  and  growth  of  the  long  bones  is  that  constituting  the  cancellated  tissue 

occupying  their  ends.      It  will  be  seen,  therefore,  in  many  cases,  that  the  product  of 

the  endochondral  bo  ne- format  ion,  the  primary  central  osseous  tissue,  is  to  a  laiT^e 

esient  absorbed.  and  constitutcs  onlv  a  small  part  of  the  mature  skeleten.     The 

early  marrow-cavity.  as  well  as  aH  its  raniitications  between  the  trabcctitic,  is  filled 

*tlh  the  young  marrow-tissue  ;   the  latter  gives  rise  to  the  pcrmanent  red  r 
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in  the  limited  situations  where  the  central  spongy  bone  persists,  as  in  the  vcrtebrje, 
ihe  ribs,  the  sternum,  and  the  ends  of  the  long  bones. 

The  important  (act  niay  be  here  emphasized  thai  the  proccss  somctimes  spoken 

of  as  the  "  ossiftcalion  of  cartilage"  is  rea!ly  a  sulistilution  of  osseous  tissue  for  car- 

tilage,  and  that. even  in  Ihe  endochondral  mode  of  formation  cartilage  is  iicier 

direclly  con^-erted  into  bone. 

\  The  ossificatioH  of  the  epipkyses  (Fig.    ijoj,   tthicli  in  the  niajorily  of  cases 

;  does  not  begin  until  some  tirne  after  birth,  the  cartilage  capping  the  diaphysis  mean- 

while  retaining  its  enibryonal  character,  repeats  in  the  essential  fealurcs  the  details 

a]ready  described   in   connection  wilh   endochondral   bonc-formalion  of  the  shaft. 

Afier  the  establishment  of  the  priniary  niarrowcavity  and  the  surrounding  5pongy 

bone,  ossification  extends  in  lwo  directions, — towards  the  periphcryand  (owards  the 

adjacent  end  of  the  diaphysis.     As  this  process  continues,  the  layer  of  cartilage  in- 

terposed  between  the  central  spongy  bone  and  the  free  surface  on  the  one  hand, 

and  between  the  central  bone  of  the  epiphy5i3 

Fic.  119,  and  ihc  diaphysis  on  the  other,  is  gradually 

reduced  until  in  places  it  cntirely  disappeara. 

Over  the  areas  uhich  correspond  to  the  later 

joint-surfaces  the  cartilage  persists  and  be- 

comes  the  ariiciilar   cartilage   covering   the 

free  ends  of  the  bone.     With  the  final  ab- 

sorption  of  the  piates  separating  the  epiphyses 

trom  the  shaft  the  osseous  tissue  of  the  seg- 

ments   becomes  continuous,    ■'bony  union" 

being  thus  acconiplishcd. 

Intramembranous  Bone-Develop- 
ment, — The  foregoing  consideration  of  the 
formation  of  bone  within  cartilage  rendcrs  it 
evident  that  the  truc  osteogenetic  elemcnts 
are  contributcd  by  the  periosteum  when  the 
latter  membrane  sends  its  processes  into  the 
ossific  centre  ;  the  distinction,  therefore,  be- 
tween  endochondral  and  membranous  bone 
is  one  of  situation  raiher  than  of  inhcrent 
<iiflerence,  since  in  bolh  the  active  agents  in 
the  production  of  the  osseous  tissue  are  the 
ostcoblasts,  and  in  essential  features  the  pro- 
cesses are  identical.  Since  in  the  produc- 
tion of  membrane-bone  the  changes  within 
pre-existing  cartilage  do  not  come  into  ac- 
count,  the  development  is  less  complicated 
and  concerns  priniarily  on!y  a  tormative  pro- 

Loiigrludirial  »iion  »I  |jhalaiii  of  l.rms  oi  five        *^*^' 

m<Biih».    <  jj.  Although  the  development  of  ali  osseous 

tissue  outside  of  cartilage  may  be  grouped 
under  the  general  heading  of  intramembranous,  two  phases  of  this  mode  of  bone- 
formation  must  be  recognized  ;  the  one,  the  intramembranous.  in  the  more  literal 
sense,  applying  to  the  development  of  such  bones  as  those  of  the  vault  of  the  skull 
and  of  the  face,  in  which  the  osseous  tissue  is  formcd  within  the  mesohlastic  sheets, 
and  the  other,  the  subperiosteai,  contributing  wilh  few  excc|)tion3  to  the  producdon 
of  every  skeletal  segment,  in  «hich  the  bone  is  deposited  beneath  rather  than  vithin 
the  connectivc-lissue  matrix.  In  consideration  of  its  almost  universal  participation. 
the  periosteal  mode  of  development  will  be  rcgarded  as  the  rcprcsentative  of  the 
intramembranous  formation. 

Subperiosteal  Bone,— The  yonng  periosteum,  it  will  be  recalled,  consists  of 
an  outer  and  more  compact  Jibrous  and  an  inncr  looser  ostcogcnetie  layer.  The 
latter,  in  addilion  to  numerous  blooii-vesscls,  contains  voung  connective-tissue  ele- 
mcnts and  (lelicate  Iinndk-s  of  tibrons  tissue.  Thise  cclls,  or  osleobfasls,  lx'com« 
more  regularly  and  closely  arranged  along  the  fihrilhe,  about  which  is  deposited  the 
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b  length,  bv  the  addition  of  ihe  last-formeti  matri.\  ujron  the  siii)|K)rnng  fibrcs,  but 
also  in  uidth,  by  thf  dcposilioii  of  new  lavers  of  osscous  material  by  the  ostcoblasts. 
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These  cells  cover  the  exterior  ol  the  trabeculae  as  they  lic  surrounded  by  ihe  youag 
inarrow-li3Sue  which  cxtends  from  the  osteogenetic  layer  ol  the  periosleum  into  the 
intertrabecular  spaces.  The  union  of  the  young  trabecula  results  in  the  production 
ol  a  subpcnostcal  net-work  ol  osseous  tissue,  \.\\o peripkerai  sfiongj  bone.  The  latter 
forms  a  shclI  surroundingf  the  central  endochondral  bone,  or,  whcre  the  latter  has 
alrcady  disappcared,  the  central  maiTow-cavity  ol  the  shalt.  The  two  processes, 
central  and  peripheral  bone-formatJon,  progrcss  sitnuUaneously,  so  that  the  produc- 
tiotis  ol  both  lic  side  by  side,  often  in  the  same  inicroscopical  field  (Fig.  131). 

Fig.  »31. 
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The  development  of  compact  bone  involves  the  partial  absorption  ol  the 
subperiosteal  net-work  ol  osseous  trabecul.-e  and  the  secondary  deposition  ol  new 
bone-lissuc.  The  initial  phase  in  the  conversion  of  the  peripheral  spongy  bone  into 
compact  substance  is  the  partial  absorption  of  the  irabecul.-e  by  the  ostooclasts  of  the 
priniary  marrow-tissue  ;  in  conseqiience  of  this  proccss  the  closc  reticulum  of  perios- 
teal  bone  is  reduced  to  a  delicatc  framework,  in  w'hich  the  comparatively  thin  remains 
ol  the  trabecuht  separate  the  ji^reallv  inlarjjid  pnmarv  marrow-cavities,  which,  now 
known  as  the  Ilavi-rsinn  sfiacfs.  art-  of  roiind  or  oval  form. 

After  the  dtstructive  «ork  of  the  uslenchists  has  proj;resscd  to  the  reguired 
extenl,  the  ostcoblastic  elemtnis  of  the  voung  iiiarro«'  contained  \vithin  the  Haver- 
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sian  spaces  institute  a  secondary  (ormative  process,  by  wtlicli  new  bone  is  deposited 
on  ihe  walls  of  the  Haversian  spaces.  This  process  is  continued  until,  layer  after 
layCT,  almo9t  the  eniire  Haversian  space  is  filled  witli  the  rcsulting  concentricall/ 
disposed  osseous  lamella  ;  the  cavity  remaining  at  the  centre  of  the  new  bone  per- 
sists  as  the  Haversian  canal^  while  the  concentrically  arranged  layers  are  ihe  lametlSe 
of  the  Haversian  system,  the  ex^ent  of  the  latter  correspondiiig  to  the  form  and  size 
of  the  Haversian  space  in  which  the  secondary  deposit  of  bone  occurs.  It  is  evident 
from  the  development  of  the  compact  sutetance  that  the  intersdjjal  or  ground- 
lamellčeof  the  adult  tissue  correspond  to  tliPX^5iai"^  °^  the  traGecula:  of  the  primary 
spongy  bone  ;  these  lamell^e  are,  theretore,  geneticatl/  older  tlian  those  constituting 
the 'MaT^eršTan  systems.  The  details  of  the  formation  of  the  Haversian  lamellae,  in- 
duding  the  deposition  of  the  matrix  and  the  inclusion  of  the  osteoblasts  to  form  the 
bone-cells,  are  idemical  with  those  of  the  production  of  the  trabecu!*  of  the  earlier 
bone. 

Intramembranous  Bone. — The  development  of  certain  boiies,  as  those  con- 
stituting the  vault  of  the  skull  and  the  greater  part  oi  the  skeleten  of  the  face, 
differs  in  ics  earliest  details  from  that  of  the  subperiosteal  bone,  although  the  essen- 
tial  features  of  the  processes  are  identi- 


Fig.  13J, 


The  mode  by  which  these  mem- 
brane-bones  are  formed  inay  claim, 
therefore,  a  brief  consideration. 

The  early  roof  ol  the  skull  consists, 
exceptwhercdeve1opingmuscle  occurs, 
onlyof  theintegument,  the  dura  mater. 
and  an  intcrvcning  connective-tissui^ 
layer  in  which  the  membranous  boncs 
are  formed.  The  earliest  evidences  of 
Dssitication  usual!y  appear  about  the 
middleof  the  arca  corresponding  to  the 
laier  bone,  delicate  spicules  of  the  nen 
bone  radiating  from  the  ossific  centre 
tofli-ards  the  periphery.  As  the  tra- 
beculje  increase  in  size  and  number  thev 
join  tO  form  a  bony  net-work  (Fig. 
132),  close  and  robust  at  the  centre  and 
«ide-meshed  and  delicate  towards  the 
margin  where  the  reticulum  fades  into 
the  connective  tissue.  \Vith  the  con- 
tinued grottth  of  the  bony  tissue  the 

net-work  f>ecomes  more  and  more  compact  until  it  forms  an  osseous  plate,  which 
gradually  cxpands  towards  the  limits  of  the  area  devoted  to  the  future  bone.  For  a 
tirne,  however,  until  the  completion  of  the  earliest  growth,  the  young  bones  are 
separated  from  their  neighbors  by  an  intervening  tract  ol  unossified  connective  tissue. 
Suljsequent  to  the  earlier  stages  of  the  formation  of  thetabular  bones,  the  continued 
growth  takes  plače  beneath  the  periosteum  in  the  nianner  already  described  for 
olher  boncs. 

On  e.xamining  microscopically  the  connective  tissue  in  which  the  formation  of 
membrane -bone  has  l>egun,  this  laycr  is  seen  to  contain  nnmerous  osteogeitetic  fibres 
around  and  upon  »hich  are  grouped  many  irregularly  oval  or  stellate  cells  ;  the  latter 
correspond  to  the  osteoblasts  in  other  locations,  since  through  the  agency  of  these 
dements  the  osseous  matri."c  is  deposited  upon  the  fibres.  As  the  stratum  of  bony 
material  increases  some  of  the  cells  are  cnclosed  to  form  the  future  bone-cor- 
puscles.  Although  the  osteogenetic  fil)res  correspond  to  delicate  bundles  of  fibrous 
tissue,  they  are  stifler.  straighter,  and  present  less  indication  of  fibrillar  structure. 
Since  the  fibres  forminjj  the  ends  of  the  bonv  spicules  generally  spread  out,  lhey  fre- 
quently  unite  and  interlace  with  the  tibres  of  adjacent  spicules,  thus  eariv  suggesting 
the  production  of  the  bony  net-work  which  latcr  appears. 

Growth  of  Bone. — It  is  evident,  since  the  ncw  bone  is  deposited  beneath  the 
periosteum,  that  the  growth  ol  the  subperiosteal  bone  results  in  an  increased  diame- 


I02  HUMAN   ANATOMV. 

ter  of  thc  shafl  as  well  as  in  thickening  of  the  osseous  wall  separating  the  niedullary 
cavity  irom  the  surface.  In  order,  therefore,  to  maintain  the  balance  between  the 
longitudinal  growth  of  the  mcdullary  cavity,  efiecicd  by  the  absorption  of  the  endo- 
chondral  bone,  and  its  lateral  expansion,  the  removal  ot  the  innermost  portions  o( 
the  subperiosteal  bone  soon  becomes  necessary.  Absorption  of  the  older  internal 
trabeculffi  thiis  acconip;iiiies  the  deposition  of  new^  osseous  tissue  at  the  penphery  ; 
by  this  combination  of  destructive  and  formative  procesaes  the  thickncss  of  the 
cy]indricaj  wa]l  of  the  compact  substance  of  thc  diaphysis  is  kcpt  within  the  proper 
limita  and  thc  increased  diameter  of  the  medullary  cavity  insured. 

Throughout  the  period  of  carly  growth  the  increase  in  Icngth  of  the  lx>ne  is 
due  to  the  addition  of  new  cartilage  at  the  cnds  ;  later,  thc  cartilaginous  incrcments, 
contributed  by  the  chondrogenetic  laycr  of  thc  perichondrium,  are  supplemented  by 
interstitial  ex)>atiston  following  the  multiplication  of  the  existing  cartilage- cells.  On 
attaining  the  maximum  gro\vth  and  the  completion  of  epiphyseal  ossitication,  a  por- 
tion  of  the  cartilage  may  persist  to  form  the  articular  surfaces.  After  the  cessatioR 
of  peripheral  growth  and  thc  completion  of  the  investing  layer  of  compact  substance, 
the  ostcogenelic  Iayer  of  the  periosteum  becomes  more  condensed  and  less  rich  in 
cellular  elemcnts,  retaining,  howcver,  an  intimate  connection  with  the  last-formed 
subjacent  bone  by  means  of  the  vascular  processes  of  its  tissue,  which  are  in  con- 
tinuit/  with  the  marrow-tissue  within  the  intransseous  canals.  In  addition  tO  being 
the  most  important  structurc  for  the  nutrition  of  thc  bone,  on  account  of  the  blood- 
vessels  which  it  supports,  the  periosteum  responds  to  demands  for  the  production  of 
new  osseous  tissue,  ivhether  for  renewed  growth  or  repair,  and  again  becomes  active 
as  a  bone-forming  tissue,  its  elements  assuming  the  r&le  of  osteoblasts  in  jmitation 
of  their  predecessors. 


THE   SKELETON: 


INCI.VIMNG 


THE   BONES   AND  THE  JOINTS. 


The  skeleton  forms  the  framework  of  the  bodv.  In  the  widest  sense  it  includes, 
besides  the  bones,  certain  cartilages  and  the  joints  by  »hich  the  different  parts  are 
held  K^ether,  The  skeleton  of  vertebrates 
is  divided  into  the  axial  and  the  appendu- 
tilar ;  the  former  constitules  the  support- 
ing  framework  of  the  trunk  and  head  ;  the 
latter,  that  of  the  extremities. 

The  Axial  Skeleten,— The  general 
plan  of  the  axial  skeleton  of  the  trunk  is 
as  follows  :  a  rod  composed  of  many  bony 
disks  (the  vertebral  bodies)  connected  by 
fibro-cartilage  separales  lwo  canals,  a  dorsal 
and  a  ventral.  In  most  \ertebrates  the  rod 
b  in  the  main  horizontal,  with  the  don>:il 
canal  above  and  the  ventral  below  :  but  in 
man  the  rod  is  practicallv  vertical,  with  the 
dorsal  canal  behind  and  the  ventral  in  front. 
The  former  is  called  the  nniral,  beeause  it 
endoses  the  centra!  neri'ona  svstom  ;  the 
latter,  the  viseeral.  The  vertebral  colunin 
has  developed  about  the  primary  axJs,  the 
notockord.  The  neural  canal  is  endosed 
by  a  series  of  separate  arches  springing  one 
from  each  ^'ertebra.  The  skeletal  parts  of 
the  anterior,  or  ventral,  canal  are  less  nii- 
merous  ;  they  are  the  ribs,  the  eostal  carti- 
lages, and  the  breast  bone.  Above  is  the 
bony  (ramework  of  the  head.  or  the  skull. 
This  also  is  divided  into  a  dorsal  and  a  \en- 
tral  portion  by  a  bony  element  which  is 
apparently  a  continuation  of  the  bodies  of 
the  vertebra,  and,  indeed,  is  actually  de- 
veloped, in  part,  around  the  front  of  the 
notochord.  The  cephalic  axis,  howei'er,  is 
bent  at  an  angle  with  the  vertebral  bodies, 
so  that  the  neural  arches,  »hich  bere  en- 
close  the  brain,  are  chiefiy  no  longer  be- 
hind but  above.  Belovc  and  in  front  of 
the  brain-case  is  the  face,  which  contains 
the  begi  nn  in  g  of  the  digestive  tube,  of 
which  the  iaws  and  teeth  are  special  organs. 
In  the  head  we  do  not  find  the  separation 
ol  the  parts  enclosing  the  brain  into  a 
series  of  vertebra-,  but  thev  are  cleuriv  a  '" 
continuation  of  the  vertebral  arches,  the 
posterior,  or  occipilal,  division  stronglv  s«ggw 


ertebra. 


complicatcd,  the  vertebral  plan  bcing  lost.     In  short,  the  axial  skeleton  consists  of  a 
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central,  many-jointed  rod  bent  for\vard  near  the  top,  with  very  perfect  bony  walls 
behind  and  abovc  it,  enclosiny;  thc  central  ncrvous  system,  and  very  imperfect  bony 
and  cartilaginous  \valls  bcfore  and  belovv  it,  enclosing  the  digestive  apparatus  and  its 
associates,  the  circulatory,  respiratorv.  urinarv,  and  reproductive  organs. 

The  Appendicular  Skeleton  has  an  entircly  distinct  origin  ;  it  is  the  frame- 
work  of  the  limbs.  It  consists  of  two  girdies,  a  thoracic  and  a  pelvic,  to  each  of 
which  is  attachcd  a  series  of  scgments,  the  terminal  one  of  which  expands  into  five 
rays, — -Jingers  and  iocs,  According  to  some  anatomists,  the  true  vertebrate  plan  is 
of  seven  terminal  rays,  but,  the  question  being  stili  undecided,  the  more  usual  sys- 
tem  is  followed.  Elach  of  these  rays  consists  of  three  or  four  bones.  Proximal  to  this 
comes  a  series  of  short  bunes, — icrist  and  ankle  ;  stili  nearer,  a  pair  of  bones, — -fore- 
arm  and  kg ;  then  a  single  bone,  —  arm  and  tliigh  ;  and  lastly  a  bony  arch, — the 
girdle. 

In  man,  the  thoracic  girdle,  niade  up  of  collar-bone  and  shoulder-blade,  lies 
extcrnal  to  the  chest,  \vhile  the  pelvic  girdle  fuses  on  each  side  into  one  bone,  meets 
its  fellow  in  front,  and  unites  \vith  the  bodies  of  certain  vertebrie.  Thus,  besides 
bearing  a  linib,  the  pelvic  girdle  fornis  a  part  of  the  \vall  of  the  abdominal  and  the 
pelvic  cavities  and  \vould  seem  to  belong  to  the  axial  skeleton,  but  embryology  and 
comparative  anatomy  sho\v  that  it  does  not. 

GENERAL   CONSIDKRATION   OF   THE   BONES. 

The  bones  have  the  physiological  function  (;f  bearing  vveight,  of  aflfording  pro- 
tection,  and  especiallv,  by  the  systems  of  levers  composing  the  limbs,  of  eflfecting 
movements  through  the  action  of  the  muscles.  Thcv  must,  therefore,  be  capable  of 
resisting  pressure,  accidental  violence,  and  the  strain  caused  by  the  puli  of  the 
muscles.  The  size  of  the  bones  nnist  be  such  that  besides  serving  the  obvious  needs 
of  support  and  protection  they  may  be  sufficiently  large  to  offer  adequate  surface  for 
the  origin  and  insertion  of  muscles,  and  the  shape  must  be  such  as  to  allo\v  this 
\vithout  undue  vveight. 

Shapes  of  Bones. — Bones  are  divided,  according  to  their  form,  into  lofig^ 
flat,  and  irrcgular  ;  such  classification,  hovvever,  is  of  liltle  value,  since  many  bones 
might  be  variously  placed. 

Long  bones  form  the  best-defined  group.  They  consist  of  a  shaft  and  two 
extremities,  each  of  \vhich  takes  part  in  the  formation  of  a  joint,  or,  as  in  the  čase  of 
the  last  phalanges,  is  terminal. 

Fiat  bones,  \vhere  very  thin,  consist  of  a  single  plate  :  \vhcre  thicker,  they  con- 
sist of  tvvo  plates  separated  by  spongv  sul)stance  called  diploe. 

Irregu/ar  bones  may  be  regarded  as  embracing  ali  others.  The  group  of  the 
so-called  shori  bones  has  no  significance. 

Sesamoid  Bones,  \vith  the  exception  of  the  i)atella,  are  not  usually  included 
in  the  description  of  the  skeleton.  \Vith  the  above  exception,  they  are  small  rounded 
bones  developed,  for  the  most  part,  in  the  capsules  of  joints,  but  sometimes  in  ten- 
dons.  Usually  one  surface  is  cartilage-covered,  and  either  enters  into  the  formation 
of  a  joint  or,  separated  by  a  bursa,  i)lays  on  another  bone,  or  on  cartilage  or  liga- 
ment.  Their  function  is  to  obviate  friction,  and,  in  some  cases,  to  change  the  direc- 
tion  of  the  puli  of  a  muscle.  The  number  of  sesamoid  l)ones  is  very  variable  ;  but 
the  usual  idea  that  they  are,  so  to  speak,  accidental,  depending  on  the  mechanics  of 
a  certain  joint  or  tendon,  must  probably  Ik'  abandoned.  They  are  rather  to  be  con- 
sidered  as  real  parts  of  the  skeleton,*  ali  of  \vhich  have  their  places  in  certain 
animals.  but  aH  of  \vhich  either  are  not  developed,  or,  if  they  do  appear,  are  again 
lost  in  others.  Thus,  certain  sesamoid  bones  of  the  fingers  are  vcry  frequent  in  the 
ffctus  and  very  rare  in  the  adult. 

G^o^vth  of  Bones. — The  microscopical  details  of  bone-gro\vth  are  given  else- 
where  (pagc  94).  Suftice  it  to  say  here  that  each  bone  has  certain  so-called  eentres 
of  ossifieation  from  which  the  formation  of  the  ne\v  bone  spreads.  In  the  long  bones 
there  is  one  main  centre  in  the  shaft,  or  diaphvsis,  \vhich  appears  in  the  first  half  of 
ta*tal  Hfe.     Other  eentres  appear,  usually  some  time  after  birth,  in  the  ends  of  the- 
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bones.  There  may  be  one  or  several  in  each  end.  The  part  formed  around  each 
of  these  secondary  centres  is  called  an  epiphysis.  Growth  takes  plače  chiefly  in  the 
cartilage  between  the  epiphyses  and  the  shaft.  When,  therefore,  a  joint  is  resected 
in  childhood  the  surgeon  tries  to  leave  a  part  of  the  epiphysis  in  plače.  A  curious 
relation  exists  between  the  course  of  the  chief  medullary  artery  of  the  shaft  of  a  long 
bone  and  the  behavior  of  the  epiphyses.  The  epiphysis  tovvards  \vhich  the  vessel  is  di- 
rected  is  the  last  to  appcar  and  the  first  to  unite.  (The  fibula  furnishes  an  exception. ) 
As  a  rule,  also,  the  largest  epiphyses  appear  first  and  unite  last.  In  long  bones  with 
an  epiphvsis  at  one  end  only,  the  nutrient  canal  leads  towards  the  opposite  extremity. 

Mechanics  of  Bone. — A  long  bone  has  a  hollow  shaft  containing  marrow, 
the  wall  being  of  compact  bone.  The  hollowness  of  the  shaft  takes  from  the  weight, 
and,  moreover,  conforms  to  the  well-known  la\v  that  a  given  quantity  of  matter  is 
much  stronger,  both  lengthwise  and  crossvvise,  vvhcn  disposed  as  a  hollo\v  cvlinder 
than  as  a  solid  one  of  equal  length.  The  proportion  of  the  central  or  medullary 
cavity  is  not  the  same  in  ali  bones.  Perhaps,  as  an  average,  its  diameter  may  be 
said  to  equal  one-third  of  that  of  the  bone.  In  the  shaft  this  cavity  is  crossed  by  a 
few  bony  trabeculse,  almost  ali  of  which  are  destroved  in  maceration.  To\vards  the 
ends,  as  the  outer  wall  becomes  thinner,  large  numbers  of  thin  plates  spring  from  its 
inner  surface  and  incline  towards  one  another  in  graceful  curves,  until  at  last  the 
expanded  end  of  the  bone  consists  of  spongv  or  cancellated  tissue  enclosed  within  a 
delicate  \vall  of  compact  substance.  The  arrangement  of  these  plates  is  distinctly  pur- 
poseful«  since  it  has  been  shovvn  that  they  are  so  disposed  as  to  correspond  with  the 
stress-Hnes  an  engineer  would  construct  for  the  special  purpose  served  by  the  end  of 
the  bone.  None  the  less,  it  would  be  unvvarr^nted  to  maintain  that  mathematical 
correctness  is  always  to  be  found,  or  that  there  are  not  other  modifving  influences. 
The  internal  structure  of  ali  bones,  excepting,  perhaps,  those  of  the  skuU,  is  of  this 
nature,  so  that  the  following  remarks  applv  to  spongv  bone  in  general. 

The  delicate  cancellated  structure  is  for  the  most  part  in  thin  plates.  The  sim- 
plest  arrangement  occurs  in  a  short  bone  cxposed  to  pressure  only  at  two  opposite 
surfaces  ;  in  such  cases  the  plates  run  betvveen  these  surfaces  \vith  few  and  insignifi- 
cant  cross-pieces.  \Vhere  severe  pressure  may  come  in  almost  anv  direction,  as  in 
the  čase  of  the  globular  heads  of  the  humerus  and  femur,  the  roiind-meshed  pattern 
predominates,  producing  a  verv  dcnse  spongy  structure  \vhich  may  be  represented 
diagrammatically  by  dravving  lines  crossing  at  right  angles  and  by  enlarging  every 
point  of  intersection.  In  the  midst  of  this  round-meshed  type  there  is  very  fre- 
quently  a  central  core  \vith  stronger  plates  and  larger  spaces.  The  vaulted  system 
b  found  at  the  projecting  ends  of  bones,  and  bet\veen  the  round-meshed  cancellated 
substance  and  the  shaft.  Several  special  arrangements  will  be  described  in  connec- 
tion  with  the  bones  in  which  they  occur.  An  epiphvsis,  until  it  has  fused,  shows  the 
mechanical  structure  of  a  separate  bone.  A  process  for  the  attachment  of  muscles 
or  ligaments  generally  contains  a  very  light  internal  structure,  the  surface  of  the  shaft 
of  the  bone  being  rarely  continued  under  it.  The  continuation  of  the  fibres  of 
attached  tendons  is  not  represented  by  internal  plates  of  bone,  although  the  oppo- 
site opinion  has  supporters. 

Certain  of  the  bones  of  the  cranium  and  the  face  are  in  parts  hollowed  out  into 
mere  shells  bounding  a  cavity  lined  with  mucous  membrane  continuous  with  that  of 
the  noše  or  the  pharynx. 

The  clasticity  of  bones  is  enhanced  by  cur\es.  The  long  bones  ver>'  usually 
present  a  double  curve.  It  has  been  maintained  that  these  curves  form  a  spiral 
structure.  There  are  striking  instances  of  it,  but  the  universality  of  the  la\v  is  not 
proved  ;  although  shocks  are  thus  lessened,  the  passage  of  one  curve  to  another  is 
a  weak  point  in  the  bone. 

The  ends  of  the  long  bones  are  enlarged  for  articulation  with  their  neighbors. 
The  greater  part  of  this  enlargement  forms  the  joint,  the  various  shapes  of  which 
will  be  discussed  later.  Besides  this,  there  are  usually  at  the  ends  prominences  for 
muscles.  The  shaft  generally  bears  ridges,  which  in  some  cases  are  made  of  dense 
bone  and  materially  add  to  the  strength  of  the  bone.  A  ridge  or  prominence 
usually  implies  the  insertion  of  a  fibrous  aponeurosis  or  a  tendon.  Muscular  fibres,. 
however,  inay  spring  from  the  periosteum  o  ver  a  flat  surface. 
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Parts  of  Bones. — The  foUoiving  are  some  of  the  names  applied  to  features 
of  bone  : 

A  process  is  a  general  term  for  a  projection. 

A  spine  or  spinous  process  is  a  sharp  projection. 

A  tuberosity  is  a  large  rounded  one,  a  iubercle  is  a  small  one,  either  rounded  or 
pointed. 

A  crest  is  a  prominent  ridge. 

A  head  is  an  enlargement  at  the  end  of  a  bone,  in  part  articular. 

A  neck  is  a  constriction  below  a  head. 

A  condyle  is  a  rounded  articular  eminence,  generally  a  modification  of  a  cylinder. 

A/ossa  is  a  pit. 

A  glenoid  cavity  is  a  shallow  articular  depression. 

A  cotvloid  cavity  is  a  deep  one. 

A  sidciis  is  a  furrow. 

A./oramen  is  a  hole,  in  the  sense  of  a  perforation. 

A  sinus  is  the  cavity  of  a  hollow  bone,  equivalent  to  a?ttrum.  It  is  used  also 
to  designa  te  certain  grooves  for  veins  in  the  cavity  of  the  cranium. 

In  addition  to  the  cartila^e-covered  articular  surfaces  proper,  the  fresh  bones 
show  in  some  places  a  plate  of  cartilagc  quite  like  one  for  a  joint;  such  plates  serve  to 
lessen  the  friction  of  a  tendon  playing  over  the  bone.  In  other  places  a  look  of  pecul- 
iar  smoothness  is  confcrred  by  the  presence  of  a  bursa,  although  cartilage  is  vvanting. 

Sex  of  Bones. — Kemale  bones  are  characterized  in  general  by:  (a)  a  greater 
slenderness;  (^)  a  smaller  development  of  i)rocesses  and  ridges  for  muscular  attach- 
ment*;  (r)  and,  most  important  of  aH,  the  small  size  of  the  articular  surfaces.  These 
guides  usually  sufhce  to  determine  the  sex  of  the  chief  bones;  some,  especially  those 
of  the  pelvis,  possess  characteristic  sexual  differences  of  form. 

Age  of  Bones. — At  birth  the  long  bones  have  cartilaginous  ends  in  which, 
with  one  or  t\vo  cxceptions,  the  centres  of  ossification  have  not  yct  appeared.  Many 
bones  at  this  period  stili  consist  of  several  pieces  \vhich  ultimately  fuse.  The  shape 
and  proportions  are  in  some  cases  differcnt  from  those  of  the  adult.  Sexual  differ- 
ences cannot  in  most  cases  lxi  determined.  During  the  first  years  new  centres  of 
ossification  appear,  distinct  pieces  unite,  and  the  proportions  change  from  the  type 
of  the  infant  to  that  of  the  child.  Towards  puberty  important  further  changes  in 
proportion  occur,  and  sexual  differences  develop. 

After  puberty  the  lx)nes  present  three  stages, — adolescence,  maturity,  and  seniiiiy. 
In  the  first  the  union  of  the  epiphyscs  is  going  on  ;  after  this  has  taken  plače  the 
line  of  separation  is  visible  for  a  time,  but  gradually  disappears.  Our  knowledge  of 
the  time  at  \vhich  these  changes  occur  enables  us  to  determine  the  age  of  the  skel- 
eton.  The  long  period  of  maturity  presents  little  that  allows  of  a  precise  estimate 
of  age.  The  separate  bones  of  the  vault  of  the  cranium  gradually  fuse  into  one. 
The  senile  skeleton  in  its  extreme  stage  is  verv  striking.  There  is  a  general  atrophy 
of  the  bones  both  within  and  without,  those  of  the  face  becoming  in  parts  of  paf)ery 
thinness  ;  not  only  the  cavities  within  the  cranial  bones  become  larger,  but  also  the 
spaces  within  the  cancellous  tissue  inside  the  bones,  due  to  the  partial  absorption  of 
the  spongy  substance.  The  only  bones,  hovvever,  which  show  a  distinct  change  of 
form  are  the  jaws,  and  this  is  a  secondary  result  of  the  loss  of  the  teeth.  In  many 
cases,  however,  senile  absorption  and  atrophy  do  not  occur,  except,  perhaps,  in  the 
head  ;  it  may  be,  therefore,  absolutelv  impossible  to  distinguish  a  long  bone  of  an 
old  subject  from  one  of  an  individual  in  early  maturity.  The  periods  at  which  the 
age  of  bones  is  most  often  a  matter  of  medico-legal  inquiry  are  at  the  time  of  birth 
and  in  childhood  and  youth.  The  dates  of  the  first  appearance  of  ossification  in 
the  various  bones  are  the  criteria  for  the  first.  These  are  to  be  used,  hovvever,  with 
great  caution,  since  variation  is  considerable.  The  information  to  be  derived  from 
consideration  of  the  general  development  of  the  bodv  is  perhai)s  of  equal  value. 
The  same  holds  good  for  childhood  and  adolescence.  The  particular  point  on  which 
the  writer  holds  strong  views,  based  on  his  ovvn  observations,  differing  from  those 
generallv  accepted,   is  as  to  the  time  of  union  of  the  epi|)hyses  at  the  end  of  ado- 
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lescence.  He  is  convinced,  as  his  statements  will  show,  that  this  union  occurs  earlier 
than  is  generally  taught. 

Relation  of  thc  Bones  to  the  Figure— While  it  may  be  said  that  power- 
ful  muscles  leave  their  imprint  on  the  bones  in  strong,  rough  ridges,  yet  it  is  inipos- 
sible  to  give  a  trustworthy  description  of  the  figure  from  the  size  and  shape  of  the 
bones,  since  these  are  determined  chiefly  by  prenatal  influences.  Very  delicate, 
even  puny,  bodies  may  have  large  and  strong  bones,  and  great  muscular  develop- 
ment  niay  coexist  with  a  light  framework. 

Variations. — Besides  the  great  range  of  individual  variation,  without  departure 
from  the  usual  type,  bones  occasionally  show  greater  peculiarities.  These  niay  occur 
through  either  exces3  or  defect  of  ossification.  Structures  which  are  normally  car- 
tilaginous  or  fibrous  may  become  replaced  by  bone,  and  abnormal  foramina  may 
occur  in  consequence,  or  to  accommodate  the  aberrant  course  of  blood-vessels  or 
nerves.  The  most  interesting  of  these  variations  are  such  as  present  an  arrangement 
which  is  normal  in  some  of  the  lovver  animals.  Many  variations  may  be  plausibly 
accounted  for  as  reversions,  but  others  cannot  be  explained  in  this  way  according 
to  any  conceivable  scheme  of  descent.  By  speaking  of  these  variations  as  animal 
analogies  we  avoid  theories  and  keep  to  scientific  truth. 

Number  of  Bones. — The  usual  enumeration  of  the  bones  composing  the 
human  skeleton  is  misleading,  for  \vhile  it  is  customary  in  some  parts,  as  the  head, 
to  count  each  bone,  in  others,  like  the  sacrum  and  the  hyoid,  only  the  ultimate 
condition,  after  union  of  the  component  segments,  is  considered.  In  other  cases, 
like  the  sternum,  there  may  be  grave  doubt  which  course  is  the  proper  one  to 
follow  ;  and  finally,  as  in  the  coccyx,  the  number  is  variable.  Bearing  these  impor- 
tant  facts  in  mind,  it  may  be  stated  that  the  human  skeleton  in  middle  life  usually 
comprises,  as  conventionally  reckoned,  two  hundrcd  separate  bones,  excluding  the 
sesamoids  within  the  tendons  of  the  short  fiexor  of  the  thumb  and  of  the  great  toe 
and  the  ear-ossicles,  but  including  the  patella  and  the  hyoid  bone.  Of  this  number, 
seventy-four  bones  belong  to  the  axial  and  one  hundred  and  t\venty-six  to  the  appen- 
dicular  skeleton. 

The  skeleton  is  advantageouslv  described  in  the  follovving  order  :  the  spine,  the 
thorax,  the  head,  the  shoulder-girdle  and  the  arm,  the  pelvic  girdle  and  the  leg. 
The  account  of  the  bones  of  each  region  is  succeeded  by  that  of  the  joints  and  the 
ligaments  holding  them  together,  folloued  by  a  consideration  of  the  region  as  a 
whole  and  of  its  relation  to  the  surface.  The  applications  of  anatomical  details  of 
the  skeleton  to  the  requirements  of  medicine  and  surgery  are  pointed  out  in  appro- 
priate  places. 

GENERAL   CONSIDERATION   OF  THE  JOINTS. 

A  JOINT  or  articulation  implies  the  union  of  tuo  or  more  bones.  Joints  may  be 
divided,  according  to  their  mobility,  into  three  great  classes  :  the  fiked  joint  {Syn' 
arthrosis),  the  half-joint  {Amphiarthrosis)^  and  the  true  joint  {Diarthrosis), 

Fixed  Joints. — These  allovv  no  motion  in  the  mature  condition,  and  are  rep- 
resented  by  two  subdivisions,  the  Suture  and  the  Syyicho7idrosis. 

The  suture  is  the  direct  union  of  two  bones  \vhich  at  first  may  be  separated  by 
membrane  or  by  fibrous  tissue,  but  which  eventually  become  firmlv  united.  Several 
varieties  of  this  form  of  union  are  recognized  ;  thus  a  serrated  suture  is  one  in  which 
the  edges  are  interlocked,  as  the  teeth  of  two  saws  ;  conspicuous  examples  are  seen 
in  the  interparietal  and  the  parieto-occipital  junctures.  Frequently  one  bone  tends 
to  overlap  at  one  end  of  the  suture  and  to  be  overlapped  at  the  other.  A  sguamous 
suture  is  one  in  which  a  scale-like  bone  very  much  overlaps  another,  as  in  the  relation 
between  the  temporal  and  the  parietal  bone.  An  harmonic  suture  is  one  in  \vhich 
two  approximately  plane  surfaces  are  apposed,  as  in  the  čase  of  the  vertical  plate  of 
the  palate  and  the  maxillary  bone.  The  term  in^rooved  suture  is  sometimes  employed 
to  designate  a  form  of  union  in  vvhich  one  lx)ne  is  received  within  the  grooved  sur- 
face of  another,  as  the  rostrum  of  the  sphenoid  and  the  vomer.  \Vormian  bofies  are 
small,  irregular  ossifications  \vhich  appear  as  bonv  islands  in  the  course  of  a  suture. 
Familiar  examples  of  these  are  seen  in  the  line  of  the  parieto-occipital  suture. 
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Synchondrosis  is  the  union  of  two  bones  by  an  intervening  strip  of  cartilage, 
which  usually  ultimately  becoines  replaced  by  bone.  Such  is  the  union  between 
the  pieces  of  the  body  of  the  sternum  and  between  certain  bones  of  the  base  of  the 
skull.  The  term  is  also  applied  to  the  union  of  the  shaft  and  the  epiphyses  of  long 
bones. 

Half-Joints,  including  Symphysjs  and  Svpidesmosis.  From  the  stand-point  of 
development,  there  is  no  fundamental  difference  between  symphyses  and  the  true 
joints.  In  both  cases  a  small  cavity  appears  within  the  intervening  mesoblastic  tissue 
connecting  the  ends  of  the  embryonal  bones.  This  small  cavity,  in  the  čase  of  the 
true  joints,  rapidly  increases,  and  later  is  lined  by  the  fiattened  mesobhistic  celb 
investing  the  subsequently  differentiatcd  synovial  membrane.  When,  on  the  con- 
trary,  the  bones  are  to  become  united  by  dense  fibrous  and  fibro-cartilaginous  tissue, 
as  in  the  čase  of  a  symphysis,  the  interarticular  space  is  always  a  mere  cleft  sur- 
rounded  by  the  interlacing  and  robust  bundles  of  the  dense  tissue  forming  the  union 
in  the  mature  joint. 

A  syniphysis  implies  great  strength  and  very  limited  and  indefinite  motion, 
there  being  no  arrangement  of  surfaces  to  determinc  its  nature.  The  chief  function 
of  this  form  of  union  seems  rather  to  be  to  break  shocks.  The  central  cavity  is  not 
always  found.  The  symphysis  pubis  (Fig.  361;  is  a  typical  half-joint.  Those  con- 
necting the  bodies  of  the  vertebrae  are  usuallv  so  classed,  but  it  is  not  certain  that 
they  quite  agree  either  in  structure  or  development  with  the  description.     A  transi- 
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Diaj^rams  of  various  forms  of  suture.     A,  scrraled  ;  B,  squamous ;  C,  harmonic ;  D,  g^roovcd. 

tional  form  leading  from  the  symphysis  to  the  true  joint  is  one  in  which  the  limited 
synovial  cavity,  instead  of  being  in  the  centre  of  a  m.iss  of  fibro-cartilage,  lies  between 
two  cartilaginous  surfaces,  somewhat  like  that  of  a  true  joint,  but  so  interlocked  and 
surrounded  by  short,  tense  fibres  as  to  precludc  more  than  very  slight  motion.  Thfa 
arrangement  is  often  scen  in  the  articulation  bctween  the  sacrum  and  ilium,  some- 
times  improperly  called  the  sacro-iliac  svnchondrosis. 

Syndesmosis  is  to  be  included  among  the  half-joints.  It  is  the  binding 
together  of  bones  by  fibres,  either  in  bundles  or  as  a  membrane,  without  any  inter- 
vening cartilage  ;  an  exami)le  of  this  arrangement  is  seen  in  the  union  effected  by 
the  interosseous  ligament  in  the  lovver  tibio-fibular  articulation. 

Truc  Joints. — Thcse  articulations  develop  in  a  similar  manner  to  the  half- 
joints,  except  that  the  opposed  ends  of  the  developing  bones  are  of  hyaline  carti- 
lage, fibro-cartilage  being  i)resent  only  at  the  sides,  except  in  the  čase  of  a  compound 
joint,  \vhere  it  forms  the  intervening  plate.  The  tissue  at  the  sides  of  the  articular 
cleft  diflerentiates  into  tvvo  lavers, — the  inner,  which  is  the  svftoviai  membrane,  consist- 
ing  of  a  layer  of  cells  continuons  \vith  the  sui)erficial  layer  of  the  cartilage-cells  and 
secreting  a  viscid  fiuid,  the  svnovia,  which  hibricates  the  joint  ;  and  the  outer  part, 
vvhich  l)ecomes  a  fibrous  bag  called  i\\Q  capsular  lij^ament.  The  latter,  in  its  simplest 
form.  ronsists  of  only  enough  fibrous  tissue  to  snpport  the  synovial  membrane.  The 
ca|)sular  ligament  is  strengthened  by  accessorv  litraments  developing  in  or  around  it, 
the  arrangement  of  which  depends  on  the  needs  of  the  joint.     During  development. 
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independent  of  the  influence  of  motility  or  of  muscular  action,  the  articular  snds  ol 
the  bones  assumc  definite  shapes  such  as  will  allow  the  motion  peculiar  to  that  joint. 
and  ( barring  the  frequenl  want  of  perfcct  coaplation)  no  other.  The  common  char- 
acteristics  of  true  joints  are  articular  sur/aces  covered  by  hyaline  cartilage,  so 
sbaped  as  to  determine  the  nature  of  the  movement,  enclosed  by  a  capsule  lined  with 
a  syjiovial  membrane.  The  articular  surfaces  are  not  necessariiy  (ormed  wholly  of 
bone,  since  \cry  often  increased  concavity  is  secured  by  the  addition  of  a  lip  of  tibro- 
cartilage  to  the  margin  of  the  bone  ;  in  other  cases  liganients  coated  with  carti- 
lage compjete  a  socket  ;  or  again,  disks  of  fibro- cartilage  loosely  attached  to  the 
periphery  mav  project  into  a  joint  and  partially  subdivide  it,  following  one  bone  in 
certain  moveinents  and  the  other  in  others. 

Compoutid  joints  resuil  from  the  persistence  and  difierenliation  of  a  portion  of 
the  tissue  uniting  the  ends  of  the  embryonal  lxines  into  a  partition  whicli,  ili  the 
complete  compound  joint,  separates  the  two  synovial  cavilies  developed,  one  on 
Mther  side  of  the  septum.  The  tissue  between  ihe  boncs  becomes  a  iibro-cartilagi- 
nous  disk,'  which  partial]y  or  completely  subdivides  the  cavity.  In  such  a  joint, 
when  typical,  there  are  two  ends  of  bone  covered  with  articniar  cartilage,  separated 
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by  a  fibro-cartilaginous  disk  or  meniscus,  and  two  distinct  5ynovial  membranes.  The 
iDovements  are.  however,  stili  determined  to  a  considerable  extent  by  the  shape  of 
the  bones,  so  that  these  articulations  may  be  classed  as  true  joints.  The  fibro- 
cartilaginous  meniscus  may  be  replaced  by  a  row  of  bones  as  in  the  wrist. 

Structure  of  True  Joints. — The  opposed  ends  of  the  bones,  and  sometimes 
Other  tissues,  are  coated  with  hyaline  articular  cartilage,  which  gives  a  greater 
smoothness  to  the  articulating  surfaces  than  is  found  on  the  niaceratcd  bones, 
Though  following  in  the  main  the  bony  contours,  the  cartilage  does  not  do  so  accu- 
rately  ;  details  are  found  on  the  cartilage  that  are  obscure  on  the  bones.  It  dimin- 
ishes  the  force  of  shocks.  Although,  as  already  stated.  the  shape  of  the  articular  ends 
determines  the  nature  of  the  motinn,  it  is  important  to  recognize  that,  as  in  the  čase 
of  sadd le- joints,  the  opposed  surfaces  are  not  so  accurately  in  apposition  that  irreg- 
ular  movements  cannot  and  do  not  occur.  Failure  to  appreciate  this  fact  has  given 
rise  to  much  difficulty  in  accounting  for  motions  that  undoubtediv  take  plače,  but 
which.  according  to  the  matbematical  conception  of  the  joint,  are  impossiblc. 
Furthcr,  the  range  of  individual  variation  is  great  ;  just  as  a  man  niay  have  a  long 
or  a  short  head,  so  anv  of  the  artiruhr  ends  of  his  boncs  niay  depart  considerably 
from  the  average  propurtions.     It  is  evcn  possible  in  some  of  the  snialler  joints  that 
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the  articular  siirface  of  a  certain  bone  may  hc  plane,  convex,  c 
persons. 

The  capsule. — Every  joint,  »ith  possibly  some  exceptions  in  ihe  carpus  and 
ttie  tarsus,  is  cnclosed  by  a  cajtisit/e,'  or  capsular  ligamenl,  which  arises  from  the  peri- 
osteuin  near  the  l)ord<.Ts  of  the  arlicular  cartilage  and  surrounds  the  joint.  This 
envelope  consisls  of  a  membrane,  often  contaJning  fat  within  its  meshes,  composed 
ol  two  lavtTs,  the  Inncr  delicate  synovial  membratie  aiid  the  external  fibrous  layer. 
The  latter,  while  in  some  places  very  thin,  is  usijally  strengthened  by  the  incorpora- 
tion  of  fibrous  bands  vvhich,  from  thtir  position,  are  known  as  ialeral,  anlerior,  or 
posterior  ligaments.  Thcse  bands  are  of  strong,  non-elastic  fibrous  tissue  uhich 
under  ordinary  circumstanccs  do  iiol  admit  of  slrclching.  The  strcngth  and 
secunty  of  the  joint  are  often  matcrially  increased  through  thickenlngs  of  fascis  and 
expahsion  of  teiidons  which  blend  with  the  underlying  capsule.  The  capsule  must 
be  large  enough  to  allow  the  characteristic  movements  of  the  joint  ;  consequently, 
when  the  bone  is  movcd  in  any  particular  dlrectlon  that  side  of  the  capsulj;  is  relaxed 
and  throivn  into  folds,  These  folds  are  drawn  oiit  of  tlie  wny  either  by  small  special 
muscles  situated  beneath  those  causing  the  chief  movement  or  by  fibres  from  the 
deeper  surfaces  of  ihesc  latter  muscles.  In 
l'ni    iid.  the  joints  of  the  archcs  of  the  vertebne,  ihere 

being  no  muscles  inside  the  spinal  canal,  a  dif- 
ferent  arrangement  e.tists  for  ihe  inncr  side  of 
the  capsuie,  clastic  tissue  there  taking  the 
plače  of  muscle.  The  relaiion  of  the  insertion 
of  the  capsule  to  the  line  of  the  epiphysis  is 
important.  Although  this  point  is  ful!y  con- 
sidered  in  the  descrlption  of  the  individual 
joints,  it  may  be  here  stated  that,  as  a  rulc,  in 
the  long  boncs,  the  capsule  arlses  very  near 
the  line  of  the  epiphy5is. 

The  8ynovial  membrane  which  lines 
the  intcrior  of  the  capsule  and  othcr  portions 
of  the  joint,  except  the  surfaces  of  the  articular 
cartilages,  consists  of  a  delicate  connective- 
tissue  sheet,  containiiig  niany  branched  and 
flattened  connective-tissue  celi  s.  The  latter, 
where  numerous,  as  is  the  casc  except  at  points 
subjectcd  to  considerable  pressure,  are  ar- 
rangcd  on  the  free  surface  ol  the  synovial  mem- 
brane as  a  more  or  less  continuous  layer.  often 
spoken  of  as  ihe  endothclium  of  the  synovial 
sac.  Since  in  niany  places  the  Iayer  of  connective-tissue  ekmenls  is  imperfect  and 
the  component  cells  retain  their  stellate  form,  the  cellular  invesiment  of  the  joint- 
cavity  is  at  bcst  endothelioid,  suggesting,  rather  than  constituting,  an  endothelium. 
The  synovial  membrane  is  in  certain  places  pushed  inward  b>-  accumulations  of  fat 
of  definite  shapc  between  it  and  the  capsule.  It  is  aiso  prolonged,  as  the  sjrnovial 
fringfs,''  into  any  space  that  might  othenvise  be  left  vacant  in  the  various  movements. 
They  are  alternately  drawn  in  or  thrust  out,  according  to  circumstanccs,  Some- 
times  pieces  of  them,  or  of  fibro-cartilage,  become  detached  in  the  joint,  giving  rise 
to  much  trouble. 

The  cavity  which  is  found  when  a  joint  is  opened  on  the  cadaver,  with  the 
tissues  dead  and  rclaxed,  easily  suggests  a  false  iniprcssion.  It  is  to  be  remembered 
that  the  svnuvial  liuid  normalty  is  present  in  quantity  littlc  more  than  sufTicient  tO 
lubricate  the  i<iint,  and  that  in  life  aH  the  parts  are  stronglv  pressed  together  so  that 
no  Inie  caviiv  exists.     This  is  well  shown  by  frozen  sectiims. 

Certain  so-callfd  intra-articular  ligameiils.  as  the  ligamentnm  teres  of  the  hip, 
or  the  cnicial  ligamonts  of  tlie  knee-joint,  are  foiind  in  the  adult.  roughlv  si>eaking, 
inside  the  joint.  The  skelch  of  develoi)menl  given  above  shi)ws  thal  lhey  cannot 
be  irulv  ttithin  the  articular  cavitv.  In  lact,  lither  thcy  wander  in  from  the  capsule, 
carryiiig  »ith  thcm  a  refleclion  of  synovi:il  membrane,  or  they  are  the  remnants  o( 
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ihe  capsules  separating  two  distinct  joints  which  have  broken  down  so  as  to  make  a 
common  articular  cavity.  Such  ligaments  retain  their  s)-novial  covering  and  rcally 
lie  without  the  joint-cavitjr, 

Vessets  and  Nervcs. — Important  arterial  anastomoses  surround  al)  the  larger 
joints  ;  Crom  the  larger  vessels  small  branches  pass  inward  to  the  ends  of  the  bones, 
to  the  periphery  of  the  articular  cartilages,  and  to  the  capsule.  The  margins  of  the 
cartilages  are  surrounded  by  vascular  loops  ;  the  arciculating  surfaces  are,  however, 
free  from  bloo  d -vessels.  The  sy-novial  membrane  is  usually  well  suppHed  with 
minute  branches,  a  rich  net-work  being  described  al  the  bases  of  ihe  synoviaI  fringes. 
The  veins  form  strong  plexiises. 

LymphaUcs  are  found  well  de\eIoped  directly  beneath  the  inner  surface  of  th« 
svaovial  membrane  ;  while  it  is  certain  that  ihev  absorb  from  the  joini,  direct  open- 
ings  into  the  artcula    ca  'ty  ha  e  not  been  demonstrated 

Nerves,  presun  ab  y  senso  y  and  asomo  o  nd  n  ti  c  ssues  around  he  syno- 
vial  membrane  In  idd  t  on  to  the  Pa  an  bcdes  h  h  ar  some  n  es  very 
numerous,  krause  has  debC  bed  speč  ^  a  t  n  lar  e  d  bu  bs  outs  de  he  synovial 
membrane  surround  ng  the  hnger  jo  nts  n  n  an 
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Bursae '  are  sacs  fiUed  with  fluid  found  in  various  places  ivhere  friction  occurs 
'►ttveen  different  layers  or  structures.  They  are  sometimes  divided  into  synoviat 
fd  mucous  burs<e.  These  varieties  are  distinct  in  typical  instances,  but,  since  the 
ftie  passes  insensibly  into  the  olher,  it  is  doubtful  »hether  this  subdivision  is  war- 
'Mied.  Some  burs^,  especially  those  around  the  tendons  of  the  fingcrs,  have  a 
tnie  synovial  lining  reflected  over  the  tendons,  and  are  surrounded  by  strong  tibrous 
sheaths  known  as  the  theca  synoviales*  Other  bursa  are  placed  as  capsules  around 
* cartiiage-coated  facet  over  tAhich  a  tendon  p!ays.  Both  the  vaginal  and  capsular 
^tieties  mav  l>e  classed  as  svnovial  bursre.  Reprcsen  tati  ves  of  the  mucous  burs^e 
*■"*  those  within  the  subcutaneous  tissue  where  the  skin  is  csposed  to  friction.  as  al 
'w  e)bow  and  ihe  knee.  These  bnrsae  seem  liltle  more  than  esaggerations  of  the 
^ces  beiween  Iayers  of  areolar  tissue.  The  same  mav  be  said  of  some  of  those 
among  the  muscies.  The  mucous  bursa.  are  provided  with  more  or  less  of  a  cellu- 
™  lining,  bul  the  latter  is  less  perfcct  than  in  the  svnovial  class,  A  bursa  mav  be 
sitnple  or  composed  of  severa!  cavities  conmninicating  more  ur  less  freclv.  They 
"ten  communicate  with  joints.  Their  number  is  uncertain.  Manv,  perhaps  most, 
"t«  present  at  birth,   but  new  ones  may  appear  in  situations   esposed  in  certain 
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individuals  to  uncommon  pressure  or  friction,  and,  under  these  circumstances,  the 
ones  usually  prescnt  may  be  enormously  enlarged. 

Modes  of  Fixation  in  Joints. — Ligaments,  muscles,  atmospheric  pressure, 
and  cohesion  are  the  agents  for  tixation. 

Ligaments. — A  capsular  ligament,  pure  and  simple,  has  little  retaining 
strength.  The  accessory  ligaments,  on  the  contrary,  have  great  influence.  Their 
arrangement  differs  with  the  nature  of  the  joint.  Thus,  a  ball-and-socket  joint  has 
thickenings  at  such  parts  of  the  capsule  as  the  particular  needs  of  that  joint  require. 
A  hinge-joint  implies  strong  lateral  hgaments  ;  a  rotary  joint,  some  kind  of  a  retain- 
ing-band  that  shall  not  arrest  motion.  Sometimes  certain  ligaments  are  tense,  or 
nearly  so,  in  every  position  of  the  joint,  as  the  lateral  ligaments  of  a  hinge-joint 
Often  a  ligament  is  tense  only  \vhcn  a  joint  is  in  a  particular  position,  as  the  ilio- 
femoral  ligament  of  the  hip  \vhen  the  thigh  is  extended.  A  strong  ligament  like 
the  one  just  mentioned  is,  \vhen  tense,  the  greatest  protection  against  displace- 
ment. 

Muscles. — The  action  of  the  muscles  is  of  great  importance  in  maintaining 
the  joints  in  i)osition,  in  certain  instances  being  the  most  efficient  agency.  The  con- 
stant  puli  of  the  muscles  keeps  the  more  movable  bone  closely  applied  to  the  more 
fixed  in  aH  positions.  Muscles  \vhich  are  no\vhere  in  contact  with  the  joint  may 
exercise  this  function.  The  tendons  of  nuiscles  s<^metimes  act  as  ligaments,  which 
differ  from  the  ordinary  ligamentous  bands  in  that  they  may  be  made  tense  or 
relaxed  by  muscular  action.  Sometimes  thev  are  intimately  connected  with  the 
capsule,  at  other  times  distinct  from  it.  Some  muscles,  \vhose  tendons  cross  severa! 
joints,  exercise,  by  their  tonicitv,  an  influence  on  them  aH.  Thus,  the  peroneus 
longus  is  essential  to  the  maintenance  of  the  transverse  arch  of  the  foot.  Certain 
muscles  passing  over  more  than  one  joint  exert  a  ligamentous  action  on  one  joint 
determined  by  the  position  of  the  other.  This,  ho\vever,  is  more  properly  dis- 
cussed  in  connection  with  the  action  of  muscles. 

Atmospheric  Pressure.  — Much  h;is  been  written  about  the  action  of  this 
agency  in  holding  joints  in  plače.  The  atmosphere  cxerts  a  certain  pressure  on  ali 
bodies,  animate  or  inanimate,  and  thus  tends  to  compress  them.  The  joints,  as 
parts  of  the  bodv,  are  subject  to  this  general  influence.  It  is  by  no  means  very  effi- 
cacious.  The  shoulder-joint  has  a  capsule  long  enough  to  allo\v  very  free  motion, 
and  consequently  too  long  to  hold  the  humerus  in  plače.  This  is  done  chiefly  by 
the  muscles.  When  these  are  paralyzed  the  arm  falls  out  of  plače,  atmospheric 
pressure  being  inadequate  to  resist  the  weight.  The  most  important  action  of 
atmospheric  pressure  is  to  keep  the  soft  parts  closely  applied  to  the  bones. 

Cohesion  is  the  action  of  the  viscid  synovial  fluid  which  tends  to  hold  the 
surfaces  together.  It  is  very  feeble,  but  probably  has  an  appreciable  influence  in 
the  smaller  joints. 

Limitation  of  Motion. — The  shape  of  the  joint  determines  the  nature  of  the 
movement ;  its  range  depends  in  part  on  other  factors,  such  as  the  tension  of  liga- 
ments or  of  the  tendons  of  muscles  and  the  resistance  of  the  soft  parts. 

Motion  in  Truc  Joints. — It  is  easy  to  conceive  that  an  upright  rod  on  the 

highest  point  of  rather  less  than  half  a  sphere  may 
Fig.  138.  slide  to  the  periphery  along  an  indeflnite  number  of 

ROTATioMo    AniQ^  Hues.     This  is  an^ular  motion.     The  rod  on  reach- 

'    '  "^ --^1^  ing  the  periphery,  or  at  any  point  on  the  way,  may 

travel  round  in  a  circle  describing  the  surface  of  a 
cone.  This  is  ciraimduction .  Finallv,  without  any 
change  of  position,  the  rod  may  revolve  on  its  own 
axis.     This  is  rotatiofi. 

Changes  of  Position  of  Parts  of  the  Body. 

DiaKmm  iUustmtmK ,!iffcr.nt  kind, of      " Assuming  that  the  palms  arc  looking  for^ard,  an- 
imiii<Mi.  gular  motion  ot  a  nml),  or  of  a  part  of  one,  towards 

tile  median  i)lane  of  the  l)ody  h  called  adduction  :  the 
opj)osiic  movcmenl.  abduction.  \  motion  bringinir  the  dislal  end  of  a  limb  bone 
ncan  r  to  thr  head  is  rallcd  flt\\ion  :  the  o|)posite  movement,  ex(ensiiypi.  The  move- 
ments  of  the  ankle  and  the  foot,  however,  present  a  difticulty,  although  the  above 
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nomenclature  is  generally  accepted,  since  the  digital  extensor  muscles  flex  and  the 
flexors  extend.  It  is  best  with  reference  to  the  ankle-joint  to  speak  of  plantar 
fiexion  and  dorsal  flexion,  Profiation  in  the  arm  is  turning  the  front  of  a  limb 
downward  ;  supination^  the  converse.  Thus,  when  the  palm  rests  upon  a  table  the 
arm  is  pronated  ;  when  the  back  of  the  hand  rests  upon  the  same  support  the  arm 
is  supinated.  Reference  to  the  skeleton  during  these  movements  will  shovv  that  pro- 
nation  is  associated  vvith  crossing  of  the  bones  of  the  forearm,  while  during  supina- 
tion  they  are  parallel.  These  terms  should  not  be  applied  to  motions  of  the  kg. 
Rotaiion  is  inward  or  outward,  according  as  it  is  towards  or  away  from  the  median 
line  of  the  body. 

Varieties  of  True  Joints. — The  following  are  the  chief  kinds  of  true  joints, 
the  nature  of  the  motion  being  determined  by  the  articular  surfaces  : 

Arthrodia,'  a  gliding  joint  permitting  merely  a  sliding  between  two  nearly 
plane  surfaces,  as  between  the  articular  processes  of  the  vertebrae. 

Enarthrosis,'  a  bali-and-socket  joint  permitting  angular  motion  in  any  direc- 
tion,  circumductiofi  and  rotaiion,  The  shoulder-  and  hip-joints  are  conspicuous 
examples. 

Condylarthrosis,'  an  egg-shaped  joint  permitting  ajigular  motions  more  freely 
on  the  long  axis  than  on  the  short  one,  circumdnction  but  (theoretically,  at  least) 
no  rotaiion^  as  in  the  radio-carpal  articulations.  The  imaginary  axes  for  the  angular 
motions  lie  in  the  convex  bone. 

The  Saddle-Joint/  is  a  modification  of  the  above,  the  end  of  one  bone  being 
convex  in  one  plane  and  concave  in  another,  at  right  angles  to  the  first,  while  the 
other  bone  is  the  converse  ;  thus  in  one  plane  one  lK)ne  is  the  receiver  and  in  the 
other  the  received.  The  articulation  of  the  trapezium  with  the  first  metacarpel  bone 
Ls  an  example.  The  motions  in  such  joints  are  precisely  the  same  as  those  of 
the  preceding  form.  The  two  imaj^inary  axes  are,  hovvever,  on  opposite  sides  of  the 
joint.  each  being  at  right  angles  to  the  convex  plane  of  its  own  bone.  It  is  clear 
that  if  the  reciprocal  curves  of  the  two  bones  of  a  saddle-joint  coincide,  and  thit  if 
they  fit  closely,  rotaiion  is  out  of  the  question  ;  but,  in  point  of  fact,  that  is  not  the 
čase,  for  there  is  no  very  accurate  agreement  of  the  surfaces,  and  the  contained 
curve  is  smaller  than  the  containing,  so  that  a  certain  amount  of  rotation  is  possible.* 

Ginglynius,*  a  hingc-joint  permitting  motion  only  on  a  single  axis  approxi- 
inately  transverse  to  the  long  axis  of  the  bone,  consequently  the  moving  bone  keeps 
in  one  plane.  The  ankle-joint  is  an  example.  The  inclination  of  the  transverse 
axis  may  vary,  and  one  end  of  the  joint  be  larger  than  the  other.  If  the  course  of 
the  revolving  bone  is  that  of  a  spiral  around  the  transverse  cylinder  the  articulation 
a>nstiutes  a  screW'joint^  as  the  humero-ulnar  articulation. 

Trochoides,^  a  pivot-joint  permitting  motion  only  on  one  axis  coincident  with 
at  least  a  part  of  the  long  axis  of  the  bone, — namely,  rotation^  as  in  the  atlanto-axial 
articulation.  Should  a  part  of  the  bone  be  so  bent  as  to  lie  outside  of  the  axis,  as 
in  the  radius,  this  part  und()ubtedly  changes  position  ;  nevertheless,  there  is  merely 
rotation,  for  the  change  of  position  is  accidental,  depending  on  the  shape  of  the 
bone.  not  on  the  nature  of  the  motion. 

Certain  complicated  joints  may  combine  se\eral  of  the  above  forms. 

*Renddu  Bois-Reymond.     Archiv  fiir  Anat.  u.  Phys.,  Phys.  Abtheil.,  1895. 

'Arthradla.      *  Bnarthrosla.      '  Articvlatlo  elllpMldea.      *  Artlc«latlo  »ellarta.      ^GlnglrmnA.      '  Artlcolatlo  cochicaria. 
'  Artkralatio  tracholdca. 


THE  SPINAL  COLUMN. 

The  spinal  column  is  the  central  part  of  the  skelcton.  It  supports  th«  head, 
bears  the  ribs,  thus  indirectly  supportiiig  the  arms,  and  cncloses  the  spinal  cord.  It 
gives  origin  to  maiiy  niuscles,  some  passing  l)etween  difEerent  parts  of  the  spine, 
othcrs  connecting  it  with  the  body.  These  purposcs  demand  grcat  strength  and 
flexibility.  The  spine  is  composcd  of  many  pieces  united  by  tuugh  fibro-cartilagi- 
nous  disks.  by  wliich  the  forcc  of  shocks  is  brokeii  and  the  great  range  of  move- 
ment  is  distributed  among  manv  joints.  It  is  coiiv<;x  behind  in  the  regions  of  ihe 
thorax  and  pelvis,  so  as  to  enlargc  those  cavities,  and  has  forward  convexitics  in  the 
neck  and  loins.  The  numerous  proniinenccs  which  it  presents  serve  forthe  support 
of  the  ribs.  the  attachment  of  muscles,  and  the  interlocking  of  the  various  pieces. 
The  spinal  column  is  fimily  fixe(l  near  the  lower  end  l>etwecn  the  bones  of  the  pelvis. 

The  bones  composing  this  column  are  called  verUbra-.  of  which  in  the  adult 
there  are  thirty-three  or  thirty-four  in  ali.     They  are  dividcd  into  five  groups.    The 
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iinit  »evcn  are  the  cervical ;  the  next  twel\'c,  uhich  bear  ribs,  are  the  tkoracic ;  the 
next  hve  are  the  lumbar,  making  twenty-four  above  tlie  pelvis.  These  are  knovn 
as  the  presacral  vertebnt.  The  remainder  are  in  the  adult  united  into  two  bones, 
the  tirst  ti\'e  forniing  the  sacrum,  the  last  four  or  five  the  eoc(yx.  As  many  as 
thirtv-eight  are  s<'en  in  the  young  enibryo,  Itut  some  disappear  or  are  fused. 

\Vith  tlif  exieption  of  the  firat  two,  the  atlas  and  the  axis,  which  require  a 
separate  dL-scription  (!>age  iio)i  the  ve  rte  br;L  above  the  sacruni  present  the  following 
features,  »hieh  are  common  to  ali,  but  »hich  are  modified  in  the  diffiTcnt  regions  : 
(1)  a  (Wi''  or  ciiilrum  :  (21  \\firdule''  springing  frnm  the  Uick  of  the  l>ody  on  either 
sidf,  sup|>ortin(;  ( 3 )  the  lamina'  a  plate  »hirl.  mirts  its  fi-lli)w  in  the  middie  line  to 
form  an  arrh  Imnnding  the  spinal  or  verlih}al  foranien*  for  the  spinal  cord.  Kach 
\ertel>ra  gives  origiii  to  se\'fral  pmrvsses.  —  n3nifly,  1 4)  a  spinoiis  procfss ž-  s|>ringing 
from  the  |)oint  of  union  of  the  laininie  ;  1  5  1  ;i  transvrrsr  pronss  on  eacli  side,  pro- 
jceting  oiitward  from  ihe  junciion  of  the  pedi<le  and  lamina  ;  {dj  two  artirulating 
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ptotčssts '  on  each  side,  one  above  and  one  beIow  the  lamina,  forminp  truc  joints 

with  ihe  opposed  processes  ol  ihe  neifi^hboring  vertebra^ ;  ( 7  >  a  n/  or  coslal  element, 

which  in  the  thoracic  rcsion  is  a  separate  bone,  in  the  cervical  region  is  a  part  of  the 

venebra,  and  in  the  lumbar 

region  mingles  with  the  trans-  F"'-  '4o- 

veree  process.    The  costat  ele-  Pedieie 

mcnt   is  also   rep  resen  ted    in 

the  sacrum. 

Thoracic    Vcrtebrse, 

—A  vertebra  from  the  middle 

d  the  thoracic  region  i: 

scribed  first  as  intermediate  in 

K\'erai  respects  to  the  others. 
The  body  is  but  a  httle 

broader      transverselj"   ^than 

Irom  before  backuard.  71t  is 

a  litde  deeper  behind  than  in 

front,  thereby  helping  to  form 

the  cune  of  the  spine.  ^  The 

uppcr  and  lower  bordervpro- 

ject  a  little  anteriorly.  -  The 

upper  and  lower  surfaces,  as 

in  ali  the  vertebrae,  are  rough  ( 

»here  the  inten'ertebral  disks  j 

join    them.   '.  The    posterior 

surface  is  concave  from  side 

to  side,  and  prescnts  in  the  Sinh  thoncic  venrfn«  irom  the  ildc 

middle  one  or  two  foramina 

for  the  escape  ol  the  veins.   ■  At  the  back  of  the  side  of  the  body  there  is  half  an 

articular  facet  both  above  and  below,  which,  with  the  intervening  disk,  forms  an  oval, 

shallonr  socket  for  the  head  of  the  rib  belonging  to  the  lower  vertebra, 

The    spinal    foramen,    en- 
■  Fio-  141-  closed  by  the  arch,  is  circular, 

Body  The  pedicles,  which  are  much 

deeper  than  thick,  arise  from  the 
upper  half  of  the  body.  The  supe- 
rior  l)order  rises  gradually  to  the 
articular  process.  The  inferior  bor- 
der  is  concave.  forming  the  top  of 
the«c/<"A,' which,  when  the  succeed- 
ing  vertebra  is  in  plače,  forms  the 
top  of  thu'  intervertebral  foramen* 
which  is  wholly  behind  the  lower 
half  of  the  body. 

The  laminse  are  broad,  each 
reaohing  to  the  level  of  those  of  the 
next  vertebra. 

The  spinous  process  is  long, 
and  points  strongly  downward,  o\'er- 
lapping  the  one  below.  It  has  a 
narTow  under  surface  which  is 
grooved,  and  two  lateral  ones  meet- 
ing  above  in  a  ridge  continued  from 
the  lamin;e.     This  arrangemeni  of 

__ the  lamin.-e  and  spines  coniple[e!y 

closes  the  cavitv  of  the  spinal  ranal. 

The  spinnus  processes  are  slightly  enlarged  at  the  end  for  the  supraspinous  liga- 

ment  and  muscies. 

The  transverse  processes  are  strong.  having  to  support  the  ribs.     They  pro- 
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jcct  outward  and  baclcward,  and  eniarge  at  thu  tip,  which  antcriorly  presents  a  o 

cave  articular  surface  for  the  tubercle  of  the  rib,  and  is  rough  bchind  for  muscles. 

The  articular  surfaces  are  in  twu  pairs  above  and  below,  each  pair  facing 

opposite  directions,  so  that  the  lower  ones  of  one  vertebra  meet  the  upper  ona 
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ihe  next.  Each  presents  a  smooth,  roughly  oval  articular  surface.  The  super 
ones  facc  backward,  a  little  ouiward,  and  a  very  lillle  upward  ;  the  inferior,  a 
veisely,  look  fonvard,  inward,  and  slightly  downward. 


Cervical  Vertebrse. — A  typical  cervical  vertebra  is  much  smaller  than  I 
thoracic. 

The  body  is  decidedly  longer  froni  side  to  side  than  from  betore  backwa] 
The  iipper  aurfact-  k  raised  at  the  su 
Fig.  144.  so  as  to  t.Tnbrace't!n.'  body  nc.xt  abo' 

luur  ptoL™  tud  facM  ^nd  has  its  front  border  roundtd  for  I 

latter  to  di-scfnd  over  it  ;  for  ihis  p' 
[M>sc  the  lower  anterior  l^order  is  p 
long«!  downward.  The  hcight  of  1 
huilv  is  about  the  siuiic  bcfore  and  1 
himl. 

Thespinal  foramcn  istriangul 

with  thu  firt-atcst  diametir  transver« 

T\\c  pcdicles  are  short  and  lig 

and  cstend  barkvcard  ;ind  oiituard  fn 

the  hoilv.     Th<-  noirhcs  above  and  1 

line  them  are  aliont  eqiial.  ,■ . 

The  intervertebral  foramen  is  opposite  the  intervertebr.il  disk,  and  a  p 

oi  the  tx)dies  ol  Iwo  vertebra:. 
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The  laminse  are  smooth  and  do  not  quite  meet  those  of  the  next  vertebra, 
tuUess  the  head  be  bent  backward. 

The  spinous  process  projects  backward  and  a  litde  downward.     It  is  short 
and  forked  at  the  end,  very  ofCen  unevenly. 

The  transverse  processes  are  often  described  as  double.  The  posterior  limb, 
wluch  is  the  trne  transverse  process,  projects  outward  and  soinewhat  Iorward  from 
the  junction  of  the  pedicle  and  lamina,  and  ends  in  a  flattcned,  nearly  vertical  pro- 
jectidsn,  the posUrior  transverse  tubercU.  The  antcrior  limb,  a  vertical  plate  spring- 
ing  from  the  side  of  the  body  and  extending  oulward,  ends  in  the  anterior  Iransverse 
tiie^'^le.  This  limb  is  the  shorter  of  the  two  and  its  tubercle  the  larger.  The  limbs 
are  <=«nnected  by  a  concave  plate  or  bone,  slanting  s]ightly  outward,  which  forms 
tJie  rt«x)r  of  a  gutter'  in  which  the  spinal  nerve  lies,  and  which  represents  tlic  costal 
elen»^nt.  A  round  hole,  the  transverse  foramen.  for  the  vertebral  artery  and  veins, 
Jies  ivitemal  to  this  plate  ;  the  artery  usual1y  does  not  pass  through  the  foramen  of 
tlie  ^s.«venth  vertebra.     Since  the  scalenus  anticus  muscle  springs  from  the  anterior 
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tubercies  and  the  scalenus  medius  from  the  posterior  ones,  on  leaving  the  spine  the 
^inal  nerves  pass  between  these  muscles, 

The  articular  processes  are  placed  at  the  outer  ends  of  the  lamina ;  the 
upper  face  upward  and  backward,  the  lower  forward  and  downward. 

Lumbar  VertebrBC.— A  typical  lumbar  vertebra  is  very  much  larger  than  the 
otbers. 

The  body  is  broad  from  side  to  side,  the  upper  and  lower  borders  projecting 
especial!y  at  the  sides.  The  posterior  surface  is  slighdy  concave  and  presents  lwo 
large  venous  openings, 

The  spinal  foramen  is  three-sided,  with  a  transverse  diameter  but  slightly 
eJtceeding  the  antero-pnslerior. 

The  pedicies  are  short  and  strong,  diverging  only  slight1y.  Thev  are  very 
ncarly  on  a  level  above  with  the  top  of  the  body,  so  that  there  is  a  small  notch  above 
and  a  lai^e  one  below. 

The  lamin scv  are  broad  at  the  sides,  but  less  so  near  the  mid-line,  so  that  in  this 
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r^ion  therc  is  a  largc  opening  into  the  spinal  canal.  A  considerable  part  of  the  ar 
is  lowcr  than  the  body.  .  ■  ■  ■-'    . 

The  spinous  process  is  a  flat  projection  extenc]ing  nearly  straight  backwar 
»'ith  two  lateral  suriaces  and  a  supenor  initnor  and  (Kisterior  border.  The  last 
rough  and  thickened  below   with  olc  ibionally  d  C(.ndcncy  to  become  bifid. 

The  transverse  processes,  which  ire  boli.)y  for  mubcular  attachments,  ai 


h ib    r46 


Thir<l  lumb*i 


therefore  not  heavy,  project  outward  and  somcwhat  backward.     They  are  thi 
having  an  anterior  and  a  postcrior  surface  and  a  blunt  cnd. 

The  articular  processes  are  lar^e,  vcry  neariv  vertica!,  and  curved.  T 
supcrior,  facing  soniewhat  backward  but  chiefly  inward,  are  concave  and  erabra 
the  inferior  ones  oE  the  vertebra  above,  which  are  convex,  and  face  in  the  oppos: 
direction. 


Fig.  u7. 


Snperlor  •itkolit  procMi  and  facM 


The  inaininillary  processes  form  on  tilhcr  side  a  roundcd  lateral  projecti 
on  the  i>osterior  border  of  the  snpcrior  ;irti(nilar  process.  Additionai  ttibfrclcs,  1 
acccssor/  processes,  appc;ir  as  incons|ii<'iintis  c-levations  at  thi;  iunction  of  1 
piistcrior  Irerdcr  nf  tlic  tninsversi;  willi  tht-  snjiorior  articular  processes.  The  detj 
an<i  llic  morpholnpicnl  sijrnificancc  of  the  n)amn]il]ary  and  the  acccssory  proces: 
are  discnssed  iater  (pi^jc  123 ). 
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The  chiel  points  of  difEerence  between  typical  vertebire  of  the  three  presacra) 
groups  niay  be  tabulated  as  follows  : 

Cekvical.  Thoracic.  Luubar. 

Bol»y.  t.  Broad.  Diatneters  nearly  equali     Bruad. 

2.  Upper    suriace    with    Plane.  Plane, 

raised       sides        and 
rounded  ai 


Costal  semifacets. 


No  facets. 


PeiilCLES. 

Lamin«. 


>  spaces  be-  £xtendiiig  downward; 
lar^e  spaces  be- 
tween. 


PECULIAR   VERTEBR^. 

Certain  vertebrse  differ  more  or  less  markedly  from  the  type  of  their  respective 
groups  ;  in  some  cases,  as  tlie  upper  two  cervical  vertebree,  tliese  variations  result  in 
conspicuous  modifications  :  in  others,  as  the  lower  thoracic,  the  peculiarities  are  less 
pronounced.     Although  the  most  noteworthy  diRerences  are  here  given,  the  reader 

Fig.  14S. 


is  referred  to  the  discus.sion  of  the  Rradua!  changes  which  occiir  in  passing  from  one 
rcgion  to  the  other  fpage  122)  for  n  more  compicte  account  of  the  modifications  to 
be  observed. 

The  first  and  second  cervical  vcrtebrse,  knoun  as  the  a//<is  and  axis,  consti- 
tute  a  special  apparatus  for  the  security  and  movements  of  the  head.     The  key  to 
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the  arrangemcnt  is  that  the  part  which  in  the  ordinary  process  of  development 
should  becomt.'  the  body'  of  the  atlas  is  instead  Eused  with  the  body  of  the  axis. 

The  atlas,  having  no  body,  coiiaists  of  two  lateral  tnasses,  connected  by  a  short 
anUrior  arch  aiid  a  long  posierior  one.  The  lateral  tnasses  present  the  arlicular 
facels  on  thcir  1ower  and  upper  surfaces.  The  inferior  look  downward  and  slighdy> 
invvard,  and  are  vcrv  slightly  concave  froni  before  backward.  The  superior  facets 
are  oval  concavitics  the  backs  of  which  are  strongly  raiscd  from  the  surface.  Their 
long  axis  runs  forward  and  inward,  the  outer  uall  being  decidedly  higher  than  the 
inner.  The  articular  facet  narrotts  at  ihe  niiddle,  antl  is  often  niarked  by  a  trans- 
vcrse  ridge  at  this  point ;  rarely  it  is  divided  inlo  two  parts.  The  articular  surfaces 
of  the  two  sides  sometimes  vcry  nearly  correspond  wilh  parts  of  the  surface  ol  a 
single  imaginary  spherc. 

l"heir  variation  in  ali  respects  is  great.  Thus,  Macalister '  finds  in  one  hundred 
bones  lliat  the  distance  l)etween  the  front  ends  of  the  two  facets  varies  from  ten  to 
twcnty  millimetres,  being  usua]ly  from  fifteen  to  twenty  mili  imet  res,  and  that  the 
hind  ends  are  from  thirty-two  to  tifty  millimetres  apart,  the  greater  number  being 
separated  from  thirty-five  to  forty  millimetres.     The  angle  formed  by  the  interaec- 

Fio.  149. 


tion  of  the  prolonged  axes  of  the  articular  facets  ranges  from  thirty-two  to  sixty- 
three  degrecs.  Each  lateral  mass  |)resents  a  rough  tubercle  on  the  inner  side  between 
which  passes  the  transverse  ligament  holding  the  odontoid  process  close  against  the 
antenor  arch.  The  antfrior  arch  is  compres.sed  from  before  back«ard.  It  presents 
the  antenor  tubercle  m  front  in  the  median  line.  and  behind  has  a  slightly  concave 
articular  facet  for  the  odontoid  process.  The  posierior  areh  bounds  the  spinal  canal 
behinil.  The  transversc  ligament,  confining  the  odontoid  process,  bounds  the  spinal 
amal  in  front,  and,  being  in  plače,  the  transverse  diameter  of  the  canal  is  the  longer. 
The  placc  of  the  spinous  process  is  taken  by  the  posterier  iiibereh.  The  transverse 
processcs  extcnd  farllicr  out  than  any  in  the  cervical  region.  Each  ends  in  a  single 
flattened  knob  niih  a  surface  slanting  downward  and  forward.  Bifurcation  is  rare. 
The  Iransverse  foramen  is  at  it.s  base  ;  from  the  foramen  a  groifve  for  the  lertcbral 
arterv  crosses  the  root  of  the  postenor  arch  and  winds  round  behind  the  raised 
border  of  the  articular  surface.  This  groove  is  (iccasionallv  bridged  over  by  a  little 
arch  ol  bone  estendiiig  from  the  edge  of  the  articular  surface  either  to  the  trans- 
verse process  or  to  the  posterior  arch. 

Variations.— The  atlas  may  be  fused  with  the  occipital  bone  in  various  ways; 
this  inay  occur  by  the  pathological  destnirtion   of  the  joint,  or  the  arch,  or  a 
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part  of  it,  may  be  fused  with  the  skuH  around  the  foramen  magnum.     Such  union 

niay  be  partial  or  complete.  and  ia  usuany  associated  with  an  imperfecl  development 

of  the  atlas,  especially  on  one  side.     There  is  reaaon  to  regard  such  cases  as  con- 

genital.     The  transverse  process  and  the  paroccipital  process  of  the  occipital  bone 

niay  be  connected  by  bone. 

The  axi8 '  differs  leas  from  the  other  cervical  vertebrae  :  seen  from  beIow  it  pre- 

sents  no  essential  peculiarity.     The  bodv  is  ver\'  long  even  vithout  the  odontoid 

process  (the  separated  body  of  the  atlas)  which  surmounts  it.     The  odontoid,''  a 

cylindrical   process  lower  behind  than 

in  front,  ends  above  in  a  median  ridge, 

on  either  side  of  which  is  a  rough,  slant- 

ing  surface  for  the  origin  oi  the  check 

ligaments  connecting  it  with  the  skull. 

It  bears  an  oval  articular  facet  in  front, 

resting  against  one  on  the  atlas,  and  a 

smaller  facet  behind  at  a  lower  level 

which  forms  part  of  a  joint  with  the  ■ 

transverse  ligament.     The  lamina,  in- 

Stead  of    being  plates,    are  heavy  and 

prismatic,    each    with    a    rather    sharp 

upper  edge,  which,  meetinj;  its  fcllow, 

forms  a  ridge  on  the  spine.    The  spinoiis 

process  is  heavy,  projecting  considerablv 

bevond  the  third.     It  varies  greatlv  in  Thtasisicuminfrom.      '■''■"' 

length    and    in    degree  of    bifiircalion. 

The  Iransvfrse  process  is  sniall  ;  the  anterior  tubercie  is  a  mere  point  or  altogCther 

Munting.     '\\\G  Iransier se  foramen  is  replaced  hy  a  short  canal,  so  cur\'ed  that  its 

upper  opening  looks  ahnost  oiitvvard.      The  superior  articular  svrfaces  are  approxi- 

mate1y  circular  f.icets  on  the  upper  surface  of  ihc  bodv  inslead  of  on  the  arch,  as 

are  ali  below  ;  theylook  upward  and  a  liltle  outw.ird.     Although  nearly  plane,  they 

present  a  very  slight  antero-pnsterior  con\-exity. 

The  sevcnth  cervical  vertebra,  callcd  vcrtcbra  promiiictis  on  accoimt  of  its 

long,  knobbed  spine,  rathtr  resembles  the  upper  thorarics.     The  I  ran  sver se  foramen 

is  smaJler  than  those  above  it, 
Fic.  151.  and  ihe  anterior  tubercie  oi  the 

transverse  process  is  particu- 
larlvsmall  and  near  ihe  body, 
•'"  The  first  thoracic  ver- 

tebra h  as  the  sides  of  the 
upper  surface  soniewhat  raised 
at  the  roots  of  the  [>edicle3. 
It  has  a  complete  facet  for  the 
head  of  the  first  rib  and  a  half- 
facet  at  the  lowertiorder  of  the 
body.  Sometimes  the  former 
is  imperfect,  lieing  completed 
on  the  intervcrtebra!  disk. 
The  facet  on  the  transverse 
process  is  smaller  and  less  con- 
Tiw»iii«£romthesidr.  cave  than  the  ones  following  ; 

sometimes  it  is  even  convex. 
The  ninth  thoracic  vertebra  has  no  half-facet  below. 
The  tenth  thoracic  vertebra  has  a  nearly  complete  facet  above  and  none 

below. 

The  eleventh  thoracic  vertebra  has  a  complete  facet  on  the  body  and  none  on 

the  transverse  process,  which  is  small. 

The  twelfth  thoracic  vertebra  has  a  complete  facet  a  littlc  above  the  middle 

of  the  body.     The  transverse  process  is  broken  up  into  the  three  tubercles.     The 

Iower  articular  facets  face  outward.     The  spine  is  of  the  lumbar  type. 
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The  Bfth  lumbar  vcrtcbra  la  much  hiji^her  in  front  than  behind.  The  trans- 
v<'rH4*  procc^s  is  ln'oad  at  the  base,  bpringing  in  part  from  the  body  ;  the  spine  is 
n'lativcly  small. 

DIMENSIONS   OF   VERTEBR/E. 
(The  measurenients  are  given  in  centimetres. ) 


Vertekrtr. 

IlelKht      oi 
Front     of 
Hitdicn. 

llright       of 
h'umt     of 
Bodk-s. 

Hcin^ht      of 
Back        of 
Kodies. 

Transveree 

Diameter. 

(Anderson.) 

Antero- 
PoMerior 
Diamcter. 

Spread      of 
TransverM 
Proccsaes. 

Twcnly 

^AiKlcrnon.'; 
Thlrty 

(Anderson.) 
Thirty 

(Andcraon.) 
Twcnty-eiKht 

lDwigfat.) 

Fifty-thrce 

Fourtecn 

ApillCt. 

Kpifies. 

Hpines. 

tpinet. 

tpines. 

ipinca. 

Ccrvical     ...      , 

2 

•        ■ 

1.9 

19 

1.5 

5.5 

ii 

3 

1.2 

1.2 

1-9 

1.5 

5-4 

•  • 

4 

1.2 

1.2 

•        • 

2.1 

1.5 

5-4 

M 

5 

1.2 

1.2 

•        • 

2.3 

1.6 

5.7 

II 

6 

1. 1 

1. 1 

•        • 

2.5 

1.7 

5.9 

II 

7 

;      »^ 

1.3 

•        • 

2.7 

1.8 

7-2 

Tlioracir    .... 

I 

1.5 

1.4 

1.5 

2.7 

1.7 

7.6 

II 

2 

1.7 

1.6 

1.7 

2.8 

1-7 

7.1 

II 

3 

1.7 

1.7 

1.8 

2.6 

1.9 

^-5 

II 

t      «      •      • 

4 

1-7 

1.7 

1.9 

2.6 

2.2 

t'^ 

II 

•      •      •       • 

5 

1.7 

1.7 

2.0 

2.5 

2.4 

6.4 

1« 

6 

1.8 

1.8 

'9 

2.7 

2.5 

6.4 

II 

7 

I. S 

1.8 

2.0 

2.8 

2.6 

6.3 

II 

« 

i.H 

1.8 

2.1 

3.^> 

2.8 

^3 

I« 

•       •       1       ■ 

9 

«•9 

1.9 

2.1 

3.1 

2.9 

6.2 

II 

lo 

2.1 

2.1 

2.2 

34 

2.9 

5.8 

II 

II 

2.1 

2.1 

2.4 

3.6 

2.9 

5.2 

II 

12 

2.3 

2.3 

2.5 

4.0 

3.0 

4.7 

I.iinil)ar     .    ■    . 

I 

2.4 

2.4 

2.6 

4.2 

2.9 

l'^ 

II 

2 

2.5 

2.5 

2.7 

4.4 

3.1 

ao 

1 1 

3 

2.5 

2.6 

27 

4.7 

3.6 

Vs 

II 

*    '    '      1 

4 

2.5 

2.6 

2.6 

4.« 

3-3 

"              .    .      ' 

5 

2.6 

2.7 

2.2 

5.2 

3.6 

9» 

CIRADUAL  CHANGES   FROM   ONE  REGION  TO   ANOTHER. 

Bodies. — The  hei^ht  of  the  bodies  increases  as  wc  descend  the  spine,  very 
);radiiaUy  in  each  rc^ion  biit  rathcr  ra()idly  at  the  junction  of  two  regions,  as  shown 
in  tlu»  tablo.  The  first  two  liimlxirs,  like  those  above  them,  are  rather  deeper  behind 
than  in  front,  but  the  roverse  is  trne  of  the  last  two,  and  especially  of  the  fifth,  in 
vvhich  ihe  tlincri'nco  is  consitlerablo.  The  breadth  of  the  bodies  increases  to  the 
tirst  or  srcoiul  thoracic.  then  d\vindles  to  the  foiirth  or  fifth,  and  then  again  increases 
to  thr  s;uTUin.  The  elovation  at  the  sides  of  the  upper  surfaces  of  the  bodies  of  the 
t*er\  ioal  viTtebrir  iliminishi^s  in  the  lo\ver  part  of  that  rej^ion  ;  in  the  seventh  it  is 
linutoil  ii>  lUMr  the  nnn  of  the  |H'dicle.  The  s;une  condition  is  found  in  the  first 
thoraric  vorii-bra  aiui  to  a  slij^ht  extent  in  the  ne.vt  two.  The  downward  prolong^- 
tion  oi  the  front  of  the  IhhIv  of  a  cervioal  vertebra  is  slif^ht  in  the  lower  part  of  the 
!U'i'k.  Tlu*  tirst  thoraoio  has  an  oniire  facot  for  the  head  of  the  first  rib  near  the  top 
of  the  Uulv  and  a  part  of  one  at  the  lo\ver  lK)rder  for  a  portion  of  the  head  of  the 
Neauui.  As  a  ruh\  in  the  thoracio  rejjion  the  head  of  each  rib  rests  in  a  facet  on 
tu  ti  vertt'!>r.e  .iiul  the  inierveninj^  liisk,  the  lower  vertebra  contributinjf  more  of  the 
ioint  than  the  upper,  and  corrosj-HMulinij:  \viih  the  rib  in  name.  Thus,  the  head 
ol  thr  fourlh  ri!>  lii*s  Ivtutvn  thi'  thiril  aml  fonrth  thoracic  vertebn-e,  and  its  tubercle 
rests  \>n  i\\v  tiansvi-rse  pnunss  of  the  fonrth.  To\vards  the  lower  part  of  the  ref^on 
thr  hr.uls  ha  ve  a  tendenc  v  to  lake  a  lovvor  relalive  position  on  the  a^Inmn  coinci- 
dontlv  \\ith  the  incrrase  in  si/e  i>f  the  InHlirs.  The  head  of  the  tenth  rib  usually 
re>is  \\ht»lly  on  the  IhhIv  t>f  the  tonih  vertebra  or  on  it  and  the  disk  above,  conse- 

*  linirn.il  1»!  Aiulomv  .iiu!  rh\-sioloj:> .  vol.  \\ii*..  i^^;.  Amlor^^n  st.ites  that  the  \*ertical 
Ji.in>r!«iN  i»!  tlio  Trnnl  aml  Kuk  oi  tlu  ivrvuMl  \trtrbr.o  .iro  ^iMirMllv  ihv  Siinio ;  hence.  prob- 
Ab\\ .  \u'  tlioucM  it  mftlli-ss  to  i:i\v  \\\c  |Mistfrit>r  nuMšurrnu-nt';.  Tho  close  cv>rTespondence  ol 
hw  .4iUc(UM  nuMNUirnients  viith  i1k>m*  ot  tho  author  is  vcrv  strikin^. 
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quently  the  ninth  vertebra  has  no  half-facet  below.  The  tenth  has  a  nearly  or  qiiite 
complete  facet  at  its  upper  border,  the  eleventh  has  a  complete  one  rather  below 
the  top  of  the  body,  and  the  twelfth  has  a  complete  facet  nearly  half-way  down. 
At  the  ninth  or  tenth  the  facet  begins  to  leave  the  body  and  to  travel  backward 
onto  the  root  of  the  pedicle. 

When  the  body  is  seen  from  above  or  below  in  certain  parts  of  the  thoracic 
region  the  front  curve  is  tlattened  on  the  left  by  the  pressure  of  the  aorta.  Thk  com- 
pression  usually  is  first  seen  at  the  top  of  the  fifth  thoracic,  and  is  traceable  down- 
ward  for  a  few  vertebrae,  sometimes  as  far  as  the  lumbar  region.  The  depression 
gradually  passes  from  the  side  to  the  front  as  it  descends  the  spine. 

The  Transverse  Processes. — As  shown  by  the  table,  the  spread  of  the 
transverse  processes  increases  greatly  at  the  junction  of  the  cervical  and  the  thoracic 
regions,  falls  rapidly  to  the  third  thoracic,  remains  stationary  to  the  tenth,  falls  to  the 
last  thoracic,  the  narrowest  point,  and  then  gains  at  once,  reaching  the  maximum  at 
the  third  lumbar.  The  anterior  tiibercles  of  the  transverse  processes  of  the  cervical 
region  increase  to  the  sixth,  which  is  the  tubercle  of  Chassaignac^  who  taught  that 
the  carotid  artery  can  be  compressed  against  it,  the  force  being  directed  backward 
and  a  little  inward.  The  anterior  limb  of  the  transverse  proccss  of  the  seventh  ver- 
tebra is  very  short,  and  its  tubercle  is  usually  rudimentary.  It  is  distinctly  in  series 
with  the  slight  elevation  of  the  socket  for  the  head  of  the  first  rib  often  seen  on  the 
first  thoracic  vertebra.  The  piece  of  bone  between  the  tubercles,  form  ing  the  floor 
of  the  gutter  for  the  spinal  nerve,  is  much  longer  and  more  anteriorly  placed  in  the 
seventh  than  in  those  above  it.  It  is  this  piece  connecting  the  two  tubercles  that  is 
the  true  cosial  element  in  the  neck.  The  so-called  anterior  limb  of  the  transverse 
process  with  the  tubercle  on  it  is  in  line,  not  with  the  ribs  but  with  the  anterior 
tubercle  called  th^  processus  costarius.  The  articular  facet  on  the  transverse  process 
of  the  first  thoracic  is  shallow,  often  convex,  and  faces  a  little  do\vnward.  That  of 
the  second,  at  which  point  the  processes  slan  t  more  backward,  is  concave  and  some- 
what  overhung  above  ;  this  is  seen  in  the  two  or  three  following,  after  which  the 
facets  grow  smaller,  more  shallo\v,  and  look  upward  as  vvell  as  foniard.  As  the 
eleventh  rib  has  but  a  rudimentarv  tubercle  and  the  twelfth  none  at  ali,  there  is  no 
facet  on  the  transverse  process  of  the  last  two  thoracic  vertebrae.  The  latter  process 
of  the  eleventh  is  small,  and  that  of  the  last  broken  up  into  three  tubercles,  ( i )  the 
superior  or  mammiUar}\  rising  from  the  posterior  surface  ;  (2)  the  accessory  01  itife- 
rior^  j>ointing  downward  ;  C 3)  the  exter7iai,  a  knob,  the  smallest  of  the  three.  The 
latter  two  represent  the  transverse  process  of  the  upper  thoracic  vertebrae.  Ali  three 
tubercles  are  usually  to  be  recognized  on  the  eleventh  thoracic,  although  the  acces- 
sory  tubercle  is  usually  not  seen  higher  up.  The  knobs  for  muscular  attachment  on 
the  backs  of  the  thoracic  transverse  processes  are  evidently  in  line  \vith  the  mammil- 
lary  tubercles,  rudiments  of  which  are  found  in  a  large  part  of  the  thoracic  region. 
In  the  lumbar  region  they  are  found  on  the  sid*^  of  the  superior  articular  processes, 
growing  smaller  in  the  lower  vertebrae,  and  being  lost  in  the  fifth. 

Thie  lumbar  transverse  processes  increase  in  length  to  the  third,  which  is  the 
longest,  unless  it  be  equalled  by  the  fifth.  That  of  the  fourth  is  peculiar  in  being 
shorter  and  lighter  than  its  njighbors.  It  usuallv  has  a  rather  triangular  outline, 
owing  to  the  lower  border  approaching  the  upper  near  the  tip,  and  also  arises  farther 
fon%'ard, — i.e,,  nearer  the  side  of  the  pedicle  than  those  above  it.  The  fifth  is  much 
heavier  and  arises  from  the  side  of  the  body  as  well  as  from  the  pedicle,  so  that  its  ante- 
rior fK)rtion  is  evidently  in  series  with  the  costal  element  developed  in  the  sacrum, 
described  in  connection  \vith  that  bone.  The  process  which,  in  accordance  with  gen- 
eral usage,  has  been  called  the  lumbar  transverse  process,  is  clearly  in  direct  continua- 
tion  with  the  line  of  the  ribs.  This  is  particularly  striking  in  certain  cases  in  which  it  is 
not  easv  to  determine  \vhcther  there  is  a  thirteenth  rib,  or  whether  this  process  is  to 
be  considered  as  free  in  the  first  lumbar.  The  accessorv  tubercle,  which  can  be 
■nade  out  in  the  lumbar  region,  and  is  particularlv  large  in  the  lower  vertebrae,  is 
in  line  with  the  ends  of  the  transverse  processes  of  the  thorax.  Thus  the  so-called 
lumbar  transverse  process  represents  at  its  root  both  a  rib  and  the  accessorv  and 
transverse  tubercles,  and  bevond  its  root  a  rib  onlv.  This  is  especiallv  marked 
tn  the  broad  process  of  the  tifth  lumbar,  which  springs  from  the  side  of  the  bodv 
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as  well  as  from  the  pedide.     The  homologies  of  tbe  costal  elements  are  9hown  in 
Fig.  158. 

The  Spinous  Processes. — Thesc  are  short  and  bifid  in  the  third,  fourth,  and 
fifth  cervica)  vertebrs  ;  longer  and  usuall}'  nut  forkcd  in  the  sixth  ;  and  longer,  larger, 
and  knobbed  in  the  seventh.  The  typc  is  tiiat  of  the  last  mentioncd  in  the  upper 
thoracic,  only  the  spine  is  a  litde  longer,  stronger,  and  more  slanting.  At  about  the 
fourth  a  sudden  changc  occurs  :  the  process  becomes  longer,  sharper,  and  more 
descending.  At  about  the  tenth  it  shortens  again,  points  more  backvvard,  and 
approaches  the  lumbar  type,  which  is  generali/  reached  in  the  last  thoracic.  The 
spine  of  the  last  lumbar  is  usua)ly  much  smaller  than  those  above  iL 

The  Articular  Processes. — The  changc  from  the  cervical  type  to  the  thoracic 
is  gradual,  but  that  from  the  thoracic  to  the  lumbar  occurs  auddenly  at  the  junction 
of  those  regions.  The  inferior  processes  of  the  last  thoracic  face  outward.  Not  infre- 
quently  the  change  occurs  a  space  higher,  but  rarely  one  lower.  Occasionally  the 
facets  between  the  regions  face  in  an  intormediate  direction.  Sometimes  the  change 
is  normal  on  one  side  and  not  on  the  other. 

Fig.  152. 

Soperior  »rticular  pronvi  Proinonlory  Transvme  pronn 


THE   SACRUM. 

This  bone'  is  composed  of  livc  (used  and  nioditied  \ertebr;e,  of  which  the  threc 

U|>|>er  aupimrt  the  pelvis  latcr.illy.      The  vertc-bra.-  decrcase  very  much  in  size  from 

above  d.iwiiw;irtl.  the  lower  being  t>eiit  strongly  foruard.      The  lirst  vertebra  is  com- 

piinitively  but  little  changed  ;  the  last  toTisists  of  little  more  than  the  body.      The 
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easential  modilication,  besides  the  fusion,  is  thc  occurrence  of  tht-  lateral  masses,' 
reprcsenting  transverse  processes  and  ribs,  which,  springing  froin  the  bodies  and 
vches,  are  connected  with  the  innominate  bones  by  joints  and  ligaments.  The 
sacrum  has  an  upper  surface,  or  dase,  a  ]ower,  or  afiex,  and  a  front,  back,  and  two 
Uteral  surfaces.  The  base  has  above  a  ruugh  space  representing  the  end  of  the 
body  of  a  veitebra  to  which  the  last  lumbar  disk  is  attached.  It  is  raised  a  little 
from  the  bone  and  (orm^  an  acute  projecting  angle  with  the  front  surface,  known  as 
the  promonlory  of  the  sacrum,  an  important  landmark  in  niidwifery.  Behind  the 
body  of  the  tirst  sacral  vertebra  is  the  triangular  orifice  of  the  sacral  canal,  the 


Fig.  153. 


transveree  diameter  of  which  is  the  greater.  The  articular  process.  springing  from 
the  side  of  the  arch.  is  vertical,  the  concave  facet  facmg  backvvard  and  inward.  The 
upper  surface  of  the  lateral  mass,  the  ala,  springs  from  thc  side  of  the  bodv  and 
the  pediclc,  expanding  into  a  broad  area,  and  is  boundfd  in  front  by  an  ill-markt-d. 
rounded  border  nhich  separates  it  from  thc  anterinr  surface  and  ciirves  forward  ; 
behind  bv  a  shorlcr  border  curving  backward.  on  which  the  auricular  process  rtsts  : 
and  otitside  by  an  irrcgiilar  convcx  border.  Thr  latter  mnv  often  bc  subdivided 
ioto  two  parts  :  an  anterior,  rimning  prettv  nearly  forward  and  bnck«ard  and  cor- 
reponding  to  the  top  of  the  auricular  suriacc.  and  a  posterior,  running  backward 
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and  inward.     Thus  the  sacrum  is  broader  before  than  behind.     The  apex  is  nothing 
but  thc  undcr  side  of  the  body  of  the  vcry  small  fifth  sacnil  vcrtebra, 

The  anterior  surface  is  a  triangular  coiicavity  formed  by  thc  bodics  and  Ut- 
cral  niasses  of  the  tive  sacral  vertebru:.  It  has  a  double  row  ,of,.  four  ojieniiigs,  the 
anierior  sacral  /oramina,  one  on  each  side  o(  the  ridge^J;^<^{)fesent«^  the  ossilied 
disks  connecting  the  bodies  of  the  (used  sacral  vertebra;.  The  sacral  nerves,  like 
the  iiiher  spinal  nerves,  divide  into  an  anterior  and  a  posterior  division  on  Icaving 
the  spinal  cana!  ;  in  the  čase  of  thc  sacral  nerves,  however,  this  takes  plače  inside 
the  iKine,  the  anterior  divisions  escaping  by  ihesc  loramina.  The  bodies  and  the 
foramina  grnw  sinaller  from  above  dottnivard.  and  the  latter  are  nearer  togellier.  A 
transverae  depression  across  the  lMdy  of  the  third  vertebra  usiially  marks  a  rathcr 

suddL-n  C  ha  lige  in  the 
curvature  of  the  antetior 
surface.  Thc  irregular 
outline  of  the  lateral  bor- 
ders  mav  lx;  divided  into 
two  jjarts :  the  upper, 
rather  concave,  ends  be- 
low  in  a  little  point  on  a 
level  with  the  third  verte- 
bral  body,  and  represents 
the  extent  o!  the  articu- 
lar  surface,  Below  this 
the  border  slants  down- 
ward  and  inuard  until 
opposite  the  Iower  part 
of  thc  fifth  sacral  s^- 
ment,  when  it  suddenly 
turns  inward,  forming  a 
Hotfh  ovcr  the  anterior 
division  of  the  fifth  sacral 
ner\'e,  which  emerges  be- 
twecn  it  and  the  coccyx. 
The  posterior  sur- 
face is  composed  of  the 
fuscd  lamina  and  their 
tnoditications.  The  up- 
per borders  of  the  first 
Jaminie  sla  nt  downward, 
and  below  thcir  jiinction 
is  a  well-inarked  spim.* 
Below  this  thc  lamiiue  of 
the  sacral  vertebr*  are 
[used  and  the  spines 
small.  The  lamin^e  of 
the  liith  sacral  never  join, 
and  those  of  the  fourth 
frequently  do  not,  thus  leaving  the  lower  end  of  the  cana!  uncovered.  Thc  laminse 
that  do  nol  nieet  end  in  tubercles  cach  reprcsenting  one-half  ol  a  spinous  process, 
Thc  lowest  two  projcct  downward  at  the  sides  of  the  open  canal,  and  are  called  the 
sanal  (oriiua.  Four  posterior  sacral  foramina  for  thc  cxit  of  thc  posterior  divisions 
of  the  niTvcs  appcar  on  each  side  of  the  laminjf,  Outside  of  those  are  some  irrejfu- 
lar  tiiluTcIi-s  ri-pn-sentitig  th<-  fraimvi-rs,-  pror/ssrs.'  and  internal  to  ihe  first  three 
foramina  ar«-  lnl..Trh-s  in  lin<-  wilh  the  ,ir/t/i(/,ir  prvirssis. ' 

The  lateral  surface  !>cgins  just  outside  ol  the  transversc  tubercles.  It  is 
brci.id  almvc,  Imt  below  thc  ihird  vcrtebra  is  iiierclv  a  line.  The  iipper  part  is 
divided  into  two  {mrtions  ;  the  front  one  is  thc  aiirirn/ar  surface,  Irom  a  slight 
rcsenihliince  to  an  car.  which  joins,  by  fihro-eartiliigc,  the  corrcspondinp  surface  on 
the  iliuin.      It  is  broader  aJMve  tli:tn  t>clow,  cunvc\  in  front,  indented  behind,  wtth 
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slightl)'  raised  edges  and  a  rough,  irregiilar  surface.  The  auricular  surface  is  formed 
chieflj"  by  the  laleral  mass  of  the  firsi  sacral  {vertebra  fuUralis,  as  having  the  most 
10  do  in  supporting  ihc  pelvis),  to  a  less  exlent  by  that  of  the  second,  and  very  Httle 
by  that  of  the  third.  Behind  this  articular  portion  hes  the  rough  hgamentous  sur- 
face, which  slants  backward  and  inward,  and  aHords  origin  for  the  posterior  sacro- 
iliac  ligaments. 

Differences  depending  upon  Sex. — The  fetnale  sacmm  is  relatively  broader 
thanthe  male.  Thejucrn/iMA^,  or  the  ratio  of  the  breadth  to  the  length  (-'^t^!^'"^)' 
is  112  for  the  »hite  male  and  116  for  the  female.  Such  a  rule  is,  hovvever,  not  abso- 
lute,  there  being  many  doubtful  cases,  but  a  narrow  sacruni  is  almost  invariably 
male.  Another,  and  very  reliable,  guide,  especially  in  conjunction  with  the  first,  is 
ihe  curve.  There  are  conlra£iictory  stalements  among  authors,  but  the  truth  is,  as 
originally  shown  by  Ward,  that  the  male  sacrum  is  the  more  rcgularly  curved,  while 
ihe  anterior  surface  of  the  female  bone  runs  in  nearly  a  straight  line  from  the  prom- 
ontorv  to  the  middle  of  the  third  piece  and  then  suddenly  changes  its  direction. 

Variations. — The  sacrum  often  consists  of  six  vertebr«.  Such  a  one  may 
be  rccognized  even  when  the  lower  part  is  uanting,  so  that  the  vertebrse  cannot  be 
raunted.  If  a  line  across  the  front,  connecting  the  lowest  pnints  of  the  auricular 
surfaces,  passes  below  the  middle  of  the  third  sacral,  the  sacrum  is  of  six  pieces  ;  if 
above.  ol  tive.'    Sacra  consisting  of  onIy  four  vertebrie  are  rare. 
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This  bone  is  composed  of  four  or  five'  (lattened  plates  representing  vertebral 
bodies.  It  is  an  elongated  triangle  with  the  apex  below.  The  base,  joined  by  libro- 
cartOage  to  the  apex  of  the  sacrum,  is  oblique,  the  posterior  border  being  higher 
than  the  front,  so  that  the  cocc)x  slants  forttard  from  the  sacrum.  The  anterior 
tutface  of  the  coccyx  is.  moreover,  very  slightly  concave.  Thf^Jirst  verlebra  consists 
oi  a  thin  body,  about  twice  as  broad  as  long,  from  the  back  of  w  hich  on  each  side  the 
nidimentof  an  arch  extends upward  as  a  straight  process,  the  coccygeal corjiu,  wliich 


Fig.  155. 


ov-erlaps  the  back  of  the  boHv  of  the  last  sacra!  vertebra  and  joins  the  sacral  cornu, 
A  short  lateral  projection  from  the  side  of  the  bodv  represents  the  transver se  process; 
perhaps  the  coslal  element  also.  On  the.upper  border  of  this  process,  at  its  origin,  is 
a  mick.  which  usually  forms  a  foramen  with  the  sacrum  for  the  anterior  division  of 
the  lifth  sacral  nerv-e.  Very  (aint  rudiments  of  these  t*o  paJrs  of  processos  are 
sometimes  to  l>e  made  out  on  the  second  vertebra,  «hich  is  much  smaller  than  the 
fii^t,  but  also  broad  and  flat.  The  Miccefding  oncs  aro  much  smaller  and  ill-dcfined. 
Constrictions  on  the  surfaccs  and  notclies  on  the  edges  mark  the  outlines  of  the 


'  Bacaris.se  :  l.e  smcrum  siiivant  le  sexe  et  siiivant  les  race 

'  According  to  Steinb.ich.  there  are  five  in  man  and  foiir 

CaadRlwirbel  beim  Menschen.    Inaugural  Dis.se rtation,  Berim,  i8i»q. 
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urigiiial  pioccs,  which  become  less  and  less  flat  and  more  and  more  rounded.  Il 
rare  to  see  more  tlian  four  distinct  segments,  but  very  ofttn  thc  last  is  someur 
clongated  and  shows  signs  «f  subdivision.  It  is  nol  uncommon  ior  the  first  pii 
to  remain  separate,  neither  fusing  with  the  sacrum  nor  thc  next  coccygeal  plate. 

STRCCTURE   OF   THE   VERTEBRvt. 

The  shell  of  comjiact  bone  forming  ihe  surface  is  evcrywheri;  vcry  thin.  1 
general  plan  of  ihe  internal  spongy  bone  is  one  of  vertical  plates  which  in  a  frot 
section  (Fig.  156,  A)  are  bowed  somewhat  outward  from  the  middie  of  the  bone,  i 
of  trans\'erse  plates  connecting  them  ncar  together  at  the  ends  and  farther  apart  in 


The  strongest  plates  spring  from  the  p< 
ning,  probablv,  for  thc  most  [Kirt  the  hi 
^  genend  plan  ]>revai]s,  but  in  addition  th 
I  tlie  lateral  parts  ;  those  from  the  first  sai 


middie  third  where  larger  spaces  occur, 
cles  and  diverge  through  thc  lx»ne,  jo 
zontal  svstoni.  In  the  sacrum  thc  sam 
are  serii-s  of  plates,  mainly  horizontal,  ii 
are  tlie  most  important. 

DKVE[,OPMENT  OF  THE  VERTEBRiE. 

Presacral  Vertcbrse.  -These  vertehrie  ossify  from  three  čAie/  eenlres  i 
al  least  livc  acctssory  oncs.  The  median  one  of  the  three  chief  centres  forms 
greater  puri  of  the  lx)dy  ;  while  the  oiht^r  lwo,  one  appearing  in  each  pedicle.  Ic 
the  postero- lateral  part  of  the  body,  the  arch.  and  the  greater  part  of  the  proces; 
The  obliqiic  iirurocnitral  snliires  separate  the  rcgions  of  thcse  centres.  The 
eral  centres  of  the  upper  thoracic  and  the  cervical  vertcbrii-  appcar  firet.  Il 
usiiallv  taught  that  thev  appear  111  the  si\th  or  seventh  week  of  fcetal  life,  but  Bai 
with  the  Riinlgcn  ravs  foiuid  no  sign  of  thc-m  at  eight  vceeks.  The  point  is  um 
iled.  The  first  median  centns  to  appear  ;in;  those  of  the  lower  thoracic  and 
upper  lumhar  vertebnt-.  In  this  r<-gion  anii  bclow  It  the  medi.in  centres  precede 
lateral  imes  ;  In  the  upper  part  of  chc  spine  the  growth  is  much  more  vigorous 
the  lateral  centres.  The  median  centres  of  the  cervical  vcrtebni-  appear  in  or 
friim  lieJoM-  upiiard.  Thc  upper  ones  (judging  from  Rontgcn-rav  work  and  fr 
transjiarcnt  futiiwsl  sometimes  have  not  a])peared  as  late  as  the  si.xth  mor 
although  \ve  have  seen  them  tovvanls  the  rltise  of  the  third. 

,//  Mrth  the  upper  and  Iow<t  emis  of  the  iH.dies  are  stili  c.irtil.iginous.  but 
ar<'hes  in-  well  advanc<-d  in  os-^iliration,  atihough  bone  doi-s  nnt  cross  thc  med 
line  until  si>me  nionths  l.iter.  The  trmsverse  proresses  of  tlie  thontcic  vertebrae 
larthiT  .idvanieil  than  those  in  othtr  retrions.  The  spines  are  stili  cartilagino 
The  neuro-central  suture  is  lost  at  from  four  to  stx  vears,  disappearing  first  in 
'  Arcii.  iiir  Mikn«.  Aiial..  Itd.  Iv.,  1899. 
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lumbar  reg^on.  The  tips  of  the  spinous  and  transverse  processes  develop  from  cen- 
ires  which  appear  about  puberty  and  fuse  about  the  eighteenth  year.  A  thin  epi- 
physeal  disk,  covering  the  upper  and  lower  surfaces  of  each  body,  grows  from  a  centre 
seen  about  the  seventeenth  year,  and  joins  by  the  twentieth,  the  line  of  union  per- 
sisting  a  year  or  two  longer.  The  mammillary  processes  of  the  lumbar  region  arise 
from  separate  centres  ;  so  do  also  the  costal  eiements  of  the  sixth  and  seventh  cer- 
vicals,  and  sometimes  that  of  the  first  lumbar.  In  cases  in  which  this  costal  element 
of  the  seventh  cervical  remains  free  there  is  a  cervical  rib  and  no  transverse  fora- 
men  ;  exceptionally  in  these  cases  a  foramen  persists.  According  to  Leboucq/  the 
development  of  the  anterior  limb  of  the  transverse  process  of  the  cervical  vertebrae 
is  more  complicated  than  is  usually  taught.  There  is  a  slight  outward  projectioq 
from  the  ventral  side  of  the  body  rep- 

resenting  the  prominence  for  the  head  Fig.  157. 

of  the  rib  to  rest  upon  ;  this  grows  out- 
ward  and  meets  a  growth  from  the  ^ 

transverse  process  that  grows  inward 
like  a  hook.  This  inward  growth  rep- 
rcsents  what  we  commonly  call  the 
ooatal  dement  of  a  cervical  vertebra, 
biit  there  may  be  also  a  separate  ossi- 
iication  representing  an  actual  rib, — 
]ittndy,  a  small  piece  of  bone  on  the 
ventral  aspect  of  the  tip  of  the  trans- 
verae  process  of  the  seventh  cervical 
vettebra.  When  a  separate  ossifica- 
tion  occurs  in  this  region  in  the  fifth 
or  sixth  vertebra,  it  is  situated  stili 
more  extemally  than  in  the  seventh, 
and  forms  the  floor  of  the  gutter  be- 
tween  the  anterior  and  the  posterior 
tubercles,  which  is  the  true  costal  ele- 
ment. It  is  probable  that  in  certain 
cases  of  cervical  ribs  accompanied  by 
a  transverse  foramen,  the  latter  is  en- 
dosed  by  the  hook-like  process  from 
the  transverse  process  meeting  the 
gprowth  from  the  body  of  the  vertebra, 
and  that  the  rib  coming  from  the 
separate  ossification  lies  anteriorly  to 
it  and  disdnct  from  it  At  birth  the 
lumbar  articular  processes  resemble 
the  thoracic  The  type  changes  in 
early  childhood. 

The  Sacrum. — Each  sacral  ver- 
tebra has  the  three  primary  centres  of 
the  others,  the  median  ones  appearing  before  the  lateral  of  the  same  vertebra.  Proba« 
bly  the  median  centres  of  the  first  three  appear  first  and  then  the  lateral  ones  of  the 
first  vertebra  ;  data,  however,  are  wanting  for  a  definite  statement.  The  tirne  of  the 
first  appearance  of  ossification  in  the  sacral  vertebrae  is  very  variable  ;  probably  the 
earliest  median  centres  appear  about  the  beginning  of  the  fourth  month  and  the 
lateral  ones  some  weeks  later.  In  a  skiagraph  of  a  foetus  estimated  to  be  about 
three  and  a  half  months  old  the  median  centres  of  the  upper  three  vertebrae  and 
the  lateral  ones  of  the  first  are  visible.  This  is,  perhaps,  earlier  than  the  rule.  Little 
progress  in  ossification  of  the  last  two  sacrals  takes  plače  before  birth.  The  lateral 
centres  join  the  median,  in  the  lower  vertebrae,  during  the  second  vear  ;  in  the  upper 
ones,  three  or  four  years  later.  In  the  upper  three  vertebrae  a  centre  appears  out- 
side  the  anterior  sacral  foramen,  from  vvhich  a  part  of  the  lateral  mass  is  developed. 

*  M^moires  couronnes,  etc,  Acad.  Rovale  des  Sciences  de  Belgique,  tome  Iv.,  1896. 
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Ossification  of  the  vertebrae.  y|,  cervical  vertebra  at 
birth  ;  centres  for  body  (a),  ncural  arches  (^),and  costal  ele- 
ment (<:).  B,  dorsal  vertebra  at  two  years;  cartilaginous 
tips  of  transverse  (a)  and  spinous  (^)  processes;  </,  centre 
for  bodv.  C,  lumbar  vertebra  at  two  years ;  position  of  ad- 
ditional  later  centres  for  various  processes  indicated.  (a,  ^,  c)  \ 
rf,  centre  for  body. 
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This  reprcsents  a  coslal  element  which  fuses  with  the  front  of  the  pedicle.  Those  of 
thc  first  two  sacrals  appear  shortljr  before  birth  (Badc).  The  line  of  union  can  stili 
be  secn  at  seven  years  on  the  top  of  the  tirst  vertebra.    The  tirne  at  »hich  the  laminae 


IlIuMntinc  bcnolocv  of 


ical:  C  fiiih  Ibondc; 


meet  in  the  middle  is  uncertain  ;  the  arch  of  thc  tirst  vertebra  is  sometimes  complete 
at  seven,  those  l>elow  it  being  stili  open.  The  five  distinct  sacral  veitebrae  which  are 
thus  formed  remain  separate  for  some  tirne,  the  bodies  being  separated  by  interver- 


tebrnl  disks.  A  thiii  platc  appcars  in  the  upper  and  lower  parts  of  these  disksvhich 
fuses  witl)  the  bodies  t>efore  thc  latter  unitc.  The  iininn  of  the  vcrtebr^e  begins  below 
and  proceetis  upward  in  a  vcry  iirejjular  mannor. 

Probably  union  generally  occura  first  in  the  lateral  masses,  between  the  lamin« 
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aooner  than  between  the  bodies.  By  the  fifteenth  year  the  Iower  three  vertebriE  are 
generally  fused,  the  second  joining  them  Irom  eighteen  to  nineteen.  The  five  pieces 
are  united  by  the  twentieth  year.  In  some  cases  several  of  the  sutures  are  stili  to  be 
seen,  but  ali  may  have  dUappeared.  The  union  of  the  bodies,  as  shown  by  sections, 
in  the  čase  of  the  upper  ones,  inay  not  be  completc  internally  till  a  much  later  period. 
Two  thin  epiphyses  appear  on  each  side  of  the  sacrum  about  the  eighteenth  year, 
one  for  the  auriai/ar  sur/aee  and  the  other  below  it.  The  tines  of  union  of  these 
plates  may  be  visible  after  twenty-one. 

The  Coccyx. — Our  data  concerning  the  ossification  of  the  coccyx  are  very  un- 
satisfactory.  Each  segment  has  one  centre,  but  the  firet  may  have  two,  one  on  each 
side,  and,  according  to  some,  secondary  ccntres  for  the  cornua.  Ossification  begins 
in  the  first  piece  at  about  birth,  and  successively  in  the  others,  from  above  down- 
ward,  until  puberty.  The  lower  three  or  four  pieces  fuse  within  two  or  three  year9 
after  birth,  and  join  the  first  at  perhaps  about  twenty ;  there  is,  however,  great 
diversity,  and  frequently  the  first  unites  with  the  sacrum  instead  of  with  tlie  others. 

The  Atlas,— The  atias  is  atmost 
wholly  formed  from  two  centres  which 
appear  in  the  seventh  week  of  fcctal  life 
in  the  root  of  the  posterior  arches  ;  from 
these  points  ossification  spreads  most 
rapidly  backward.  In  the  course  of  the 
firet  year  a  centre  is  found  in  the  middie 
of  the  anterior  arch.  The  lateral  masses 
meet  behind  in  the  fourth  year  and  join 
the  median  anterior  nucieus  in  the  fifth. 
Sometimes  the  union  of  the  posterior 
arches  does  not  occur.  The  anterior  nu- 
cieus may  Ije  absent,  and  the  front  arch 
inay  show  a  median  suture  or  be  represented  by  ligament  or  carlilage.  In  one  in- 
stance the  anterior  arch  was  wholly  »anting,  the  lateral  masses  being  fastened  to  the 
odontoid  by  hgamenl'  (Fig,  161). 

The  Axis. — The  ossification  of  the  axis  begins  by  two  lateral  points  appearing 
by  the  elevcnth  week.  The  median  one,  which  does  not  come  till  the  fiftli  month, 
is  at  first  double,  but  the  two  points  speedily  fusc.  At  about  the  same  time  two 
nuci«  appear  side  by  side  in  the  odontoid  process,  which  join  together  before  birth, 
leaving  a  space  between  them  at  the  tip.  This  may  be  closed  by  the  extension  of 
ossification,  or  a  centre  may  appear  in  it  at  the  second  year,  which  fuses  by  the 
twelfth.  The  piece  thus  formed  has  been  held  to  represent  the  epiphyscal  plate  for 
ihe  top  of  the  atlas.  The  odontoid  process  joins  the  body  at  the  periphery,  the  union 
beginning  in  the  third  year  and  being  complete  a  year  or  two  later ;  a  piece  of  car- 
til^e  in  the  middie  of  the  juncture  is  said  to  persist  under  the  odontoid  until  old 
age.  Very  rarely  the  odontoid  remains  disiinct.  The  arches  }oin  the  body  in  the 
third  year,  and  usually  mect  behind  at  the  same  tirne ;  the  latter  union,  however, 
inay  be  delayed. 


Vuuitian«  of  tbe  VertebiK. — The  comrnonest  and  most  inlerestins;  variations  are  those 
of  number.  These  are  very  freguent  in  the  coccyx.  since  there  are  ori^nally  more  elcments  than 
peniist,  and  indeed  we  are  not  sure  even  of  the  normal  number  in  this  tx>ne.  Numerical  varia- 
tions are  also  often  observed  in  Ihe  sacral,  less  so  in  the  lumbar,  stili  less  so  in  the  thoradc,  and 
extrcmely  rarely  in  the  cervical  region.  The  number  of  vertebra:  above  the  sacrum  (twenty- 
four)  is  usuallv  unchanged,  but,  owing  to  dtfferences  in  development  of  the  costal  element,  one 
regkm  is  not  rarely  increased  or  diminished  at  Ihe  expense  of  the  next  one.  Thus  the  ver\'  com- 
mon  condition  of  six  lumbar  vertebrce  is  due  lo  the  vanl  of  development  of  the  costal  element 
( Ihe  rib)  of  the  last  thoracic,  and  implies  only  elcven  vertebrffi  in  that  ref;ion.  Conversely,  thir- 
teen  ihoracics  implv  an  undue  development  of  the  costal  element  ot  the  first  lumbar,  and  con- 
sequenlly  only  four  lumbnr  vertebrK.  Often  the  costal  element  ot  the  last  eersical  is  free  and 
over-de\'eloped.  makin^  a  cer\ical  rib.  Rut  even  if  this  b«  large  enoujth  to  rcach  the  stemum, 
which  U  exceedinKly  rare.  the  numlier  of  cerviciil  vtrtebrae  is  usually  considered  iinchanRed. 
Other  changes  are  due  to  variations  [n  development  of  the  cnsial  element  in  the  last  lumbar 
and  ihc  first  sacral.     Transilional  forms  are  here  \erj-  frequently  met  with.     The  last  lumbar 

*  Dvighl ;  Journal  of  Anatomy  and  Physioli^y,  vol.  xxi.,  1867. 
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may,  by  an  excessive  ^owth  of  ihcse  elenients,  beconie  sacralized,  articulatins:  more  or  less  per- 
fectly  vvilh  the  ilium,  and,  conversely,  the  first  s;icral  may  have  almost  frt;ed  itself  from  those 
belovv  it.  Thus  we  mav  tind  a  partially  sacralized  vertebra,  which  inay  be  either  the  twenly-fifth 
or  the  twenty-fourth.  It  often  happens,  particularly  in  the  latter  čase,  that  a  vertebra  appears  to 
be  a  tirst  s<'icral  on  superticial  exainination,  which  is  found  to  have  little  or  nothinjj;  to  do  in  form- 
ing  the  articular  surface,  in  which  čase  it  is  not  a  true  sacral,  for  the  first  sacrai  is  the  fuUralis 
which  has  the  largest  surface  for  the  joint  with  the  ilium.  A  false  promontory  niay  coexist  with 
the  normal  one.  This  is  probably  most  frequent  vvhen  the  twenty-fourth  vertebra  is  partly 
sacralized.  Any  of  the  preceding  peculiarities  may  be  unilateral,  so  tliat  sometimes  a  vertebra 
may  seem  from  one  side  to  belong  surely  to  one  region,  and  equally  surely  to  the  other  region 
when  seen  from  the  opposite  side. 

There  is,  hovvever,  another  set  of  variations  in  which  the  number  of  presacral  vertebrae  is 
increased  or  diminished.  There  may  be,  for  instance,  one  thoracic  or  one  lumbar  vertebra  too 
many  or  too  iew,  vvithout  anv  compensator>'  change  in  the  next  region.  In  these  cases,  more- 
over,  the  terminal  vertebrae  of  the  region  may  be  very  nearly  typical  ones,  and  sometimes  even 
the  size  of  the  vertebrae  vvill  be  modined  so  as  to  give  the  region  its  approximate  relative  length. 
Similar  changes  may  be  found  in  the  neck,  but  they  are  exceedingly  rare. 

Variations  of  either  kind  are  likely  to  have  an  effect  on  the  column  as  a  whoIe ;  thus,  U 
there  be  a  large  cervical  rib  the  last  thoracic  rib  is  likely  to  be  small,  or  if  the  first  rib  is  rudi- 
mentary  the  last  is  apt  to  be  large.  It  follovvs  that  the  thorax  seems  to  be  in  certain  cases 
moved  upward  or  downward  ;  this  change  may  occur  on  one  side  only. 

Rosenberg*s  thcor>',  formerly  much  in  vogue,  is  that  there  are  opposite  tendencies  at  the 
two  ends  of  the  spine.  At  the  upper  tJiere  is  a  tendency  for  the  cervical  region  to  encroach  on 
the  thoracic,  and  at  the  lower  for  each  of  the  regions  to  encroach  on  the  one  above  it  Such 
changes  he  considers  progressive.  On  the  other  hand,  the  opposite  movement  by  which  the 
thorax  encroaches  on  the  neck  or  loins  is  considered  reversive.  Rosenberg  has  described  a 
spine  vvhich  he  considers  archaic,  in  vvhich  there  are  two  extra  presacral  vertebrae  and  fifteen 
pairs  of  ribs,  the  first  being  cervical.  There  are  two  spines  in  the  \Varren  Museum  with  a  simi- 
lar number  of  presacrals  in  vvhich  the  last  is  sacralized  on  one  side.  As  to  the  way  in  which 
anomalies  of  the  lower  part  of  the  spine  come  about,  Rosenberg  *  thinks  he  has  shown  that  in 
the  course  of  development  the  sacrum  is  composed  of  vertebra?  placed  farther  back  than  the 
permanent  ones,  and  that  the  ilium  enters  into  connection  with  vertebrae  more  and  more  ante- 
rior.  As  new  ones  join  it  above  former  ones  become  detached  from  it  below.  If  it  does  not 
make  the  usual  progress  the  spine  is  archaic,  having  too  many  presacrals  ;  if  it  goes  too  far  the 
spine  is  of  the  future.  Rosenberg*s  theor>'  has  been  overthrown  by  Bardeen,*  who  has  shoun 
that  the  orijgjinal  position  of  the  ilium  is  opposite  the  superior  part  of  the  lumbar  region  and 
that  it  traven  taihvards.  Having  joined  a  vertebra  at  the  fifth  week,  it  never  leaves  it.  At  this 
early  time  the  thoracic  vertebra;  are  diflferentiated.  The  author*  and  Fischel*  belicve  that 
numerical  variation  is  the  result  of  an  error  in  .segmentation. 

A  want  of  development  of  the  bodies,  uhich  may  be  only  half  the  normal  height,  is  found 
almost  exclusively  in  tne  lumbar  region.  \Ve  h«ive  seen  (apparently  congenital)  fusion  of  the 
luml)ar  bodies  wnile  aH  the  arches  were  present,  but  three  of  them  crowded  together.  The 
separation  of  the  i>edicles  of  the  fifth  lumbar  from  the  body  is  a  very  rare  anomaly  among 
whites,  but  not  among  American  aborigines. 

ARTICULATIONS   OV  THE   VERTEBRAL   COLUMN. 

The  ligameiits  connectinj^  the  sej^^ients  of  the  spine  may  be  divided,  according 
to  the  parts  of  the  vertebne  which  they  unite,  into  t^^'o  groups  : 

1.  Those  connecting  the  Bodies  of  the  Vertebrae  ; 

2.  Those  connecting  the  Laniinie  and  the  Processes. 

LIGAMENTS   CONNECTING  THE   BODIES. 

Intervertebral  Disks*  (Figs.  162,  163). — These  form  a  series  of  fibro-carti- 
lages  interposed  between  the  bodies  of  the  vcrtebrre,  forming  about  one-fourth  of  the 
movable  part  of  the  spine  and  adding  greatly  to  its  strength.  They  are  developed, 
like  the  bodies,  around  the  notochord,  persisting  parts  of  this  structure  forming  a 
central  core  to  each  disk.  The  oulcr  i)art  of  the  disks  consists  of  oblique  layers  of 
fibres,  slanting  alternately  in  opposite  directions,  some  almost  horizontal,  which  hold 
the  verlchral  bodies  firmly  together  ;  the  centre  of  the  disks  is  occupied  by  a  space 
containing  tUiid  in  the  meshes  of  a  vellouish  pulp.*  This  central  core  is  strongly 
compressed,  so  as  practically  to  be  a  rcsistant  bali  \vithin  the  more  yielding  fibro- 
cartilaginous  socket.  The  proporlion  of  the  disks  to  the  vertebral  bodies  varies  in 
the  different  parts  of  the  spine.  Thev  are  al)soliitely  largest  in  the  lumbar  region, 
but  relatively  in  the  cervical.      For  manv  reasons  it  is  difticult  to  reckon  the  per 

*Morph.  Jahrbuch,  Ud.  i.  and  xxvii.  *  Anatomische  Hefte,  No.  95,  1906. 

*  Anat.  Anzciger,  Bd.  xxv.,  1904,  and  American  Journal  of  Anatomv,  vol.  iv.,  1905. 

'  nuiglu  :  Menioirs  Boston  Socicty  of  Nat.  Hi>t.,  vol.  v.,  1901. 

^  Flbrecartllaglocs  loterverUbralcs.     *'  .Nucleus  pulposut. 
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centage  vcry  accuratdy,  and  there  is  much  variation.  The  foUowing  proportions 
are,  thereiore,  only  approximate.  The  disks  form  in  the  cervical  region  forty  per 
cent.,  in  the  thoracic,  twenty  per  cenL,  and  in  ihc  lumbar,  thirty-three  per  cent.  oi 
the  length  of  the  spine. 

Tiansvtra«  ligameot 


id  procOA  ol  i 


Anteriorand  Posterior 
Cominon  Ligaments.— The 
bodies  are  connected  by  short 
fibres  suirounding  the  disks, 
and  by  long  bands  which  are 
only  partia]ly  separable  from 
the  general  envelope.  The  an- 
Urior  common  ligament^  (FigS- 
163,  165)  begins  at  the  axis 
and  extends  to  the  sacrum.  It 
consists  of  shorter  and  longer 
fibres  blending  with  the  peri- 
osteum  and  springing  from  the 
edges  of  the  vertebrae  and  from 
the  disks,  to  end  at  similar 
points  on  the  next  vertebra,  or 
(Ml  the  second,  thJrd,  fourth,  or 
fifth.  The  borders  are  not 
sharply  defined.  The  fiostrrior 
contmmt  ligatnenl^  {  Fig.  164) 
b  a  much  more  distinct  struc- 
ture.  It  artses  from  the  back 
of  the  body  of  the  axis,  re- 
ceiving  fibresfrom  the  occipito- 
ajcial  ligament,  and  runs  to  the 
sacrum.  It  also  is  attached 
tO  the  disks  and  the  edges  of 
the  bodies,  but  possesses  a  dis- 
tinct margin,  which,  except  in 
the  neck,  expands  laterally 
into  a  series  of  points  at  the 
intervertebral  disks.  It  stands 
well  out  from  the  middle  of 
the  bodies,  bridging  over  the 
vdns  of  the  larger  ones. 

LIGAMENTS  CONNECT- 
ING  THE  LAMINA  AND 
THE   PROCESSES. 

The  articular  processcs 
(Fig.  165)  are  coated  with 
hyaline  articular  carlilage  and 
surrounded  by  loose  capsules, 
with  which,  especially  in  the 
thorax,  the  ligamenta  subflava 
are  inseparably  connected,  pre- 
venting  by  their  tension  the 
occurrence  of  folds, 

The  tigamenta  subflava'  (  Fig.  163)  are  elastic  membranes  of  considerable 
strength  connecting  the  laminre  from  the  axis  to  the  sacrum.  They  are  particular!y 
developed  in  the  lumbar  region.  As  just  mentioned,  thev  encroach  on  the  side  of 
the  capsules  towards  the  canal.  They  also  e.>:tend  a  short  distance  under  the  spinous 
processes. 

The  supraspinous  ligament  (  Figs.  162,  163)  e.\tends  as  a  weU-marked  cord 
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along  the  tips  of  the  spines  from  the  last  cervical  to  the  sacrum.  The  interspinous 
ligaments  ar«  membranes  connecting  the  spinous  processes  between  the  tips  and 
the  lamiiue,  exten(ling  from  the  ligamenta  subtlava  to  the  supraspinous  l^ament. 


The  ligamentum  nuchae  (Fi^.  i66)  rcprcscnts  in  the  nock  a  modification  of 
the  two  last-mentioned  hgaments.     It  is  a  vertical  curtain  reaching  from  the  exter- 
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md  occipital  protuberance  to  the  spine  of  the   seventh  cervical,  separatJng  the 

muscies  of    the  two  sides.     The  free  border  is 

oontinuous  with  the  supraspinous  ligament,  but,  FiC'  164- 

instead  of    touching  the  cervical  spines,   it  lies 

in  the  superiicial  Uyer  of  muscles,  and  is  rein- 

forced  below  by  radiating  fibres  from  each  of  the 

spinous  processes  of  the  cervical  region.      It  is 

inseparably  blended  with  the  origin  of  the  trapezii 

and  wtth  the  fasciče  between  the  muscular  layers, 

especiaUy  with  that  covering  the  semispinalis  and 

the  short  subocctpital  muscles.     In  the  region  of 

the  axis  it  is  a  thiclc  median  membrane  ;  in  the 

lotver  cervical  region  it  is  of  little  importance. 

In  man  it  contains  but  a  small  proportion  of  elas- 

tic  fibres,  in  marked  contrast  to  what  is  found 

in  many  quadrupeds  in  which  the  structure  con- 

sists  principally  of  elastic  tissue,   since  in  these 

animals  the  ligamentum  nuchče  forms  an  important 

oigan  for  the  support  of  the  head  at  the  end  of 

the  horizontal  vertebral  axis.  Pi 

The    intertranaverae    ligaments    (Fig.     S?™Bh'!^VpX°«"  "'"''"''*' """"" 
163)  are  trifling  collections  of  fibres  between  the 

transverse  processes,  although  occasionally  distinct  round  cords  in  the  thoracic 
region. 

Fig.  165. 

•4tlantal  licuDcut 


ARTICULATIONS    OF    THE    OCCIPITAL    BONE,    THE    ATLAS,    AND 
THE   AXIS. 

The  arrangement  here  difiers  in  some  points  considerably  from  that  of  the  rest 
of  the  spine  in  order  to  provide  for  the  security  and  the  free  movement  of  the  head. 
The  ligaments  eflecting  this  union  consist  of  thrce  groups  : 
I.  Those  connecting  the  Atlas  and  the  Axis,  including  the 

Anterior  Atlanto-Axial  ;  Transverse  ; 

Posterior  Atlanto-Axial ;  Two  Capsular. 
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2.  Those  connecting  the  Occipital  Bone  and  the  Atlas,  induding  the 

Anterior  Occipico-Atlantal  ;  Posterior  Occipito-Atlantal ; 

Accessory  Occipito-Atlantal  ;  Two  Capsular. 

3.  Those  connecting  the  Occipital  Bone  and  the  Axi5,  including  the 

Lateral  Odontoid  or  Check  ;  Middle  Odontoid  ; 

Occipito-Axia]. 

The  impoitant  peculiarities  are  the  odontoid  and  the  transverse  ligaments. 

The  odontoid,  or  check  ligaments*  (  Fig.  168),  are  two  strong,  symn]etrical 

bundles  of  fibres  extending  from  the  slanting  surface  on  each  side  of  the  top  of  the 

odontoid  process  outward  and  a  iittle  upward  to  a  roughncss  on  the  inner  side  of 

each  occipital  condyle.     Some  tibres  pass  directly  across  frotn  one  condyle  to  the 


Fig.  166. 


LicimoilBRi  nnchir 


PuNcHor  >l1uUfr«Kkl 


Ligimcnlt 


other.  These  are  occasionaJly  collected  into  a  distinct  round,  glistcning  bundle. 
The  spacc  above  the  odontoid  process,  betwcen  it  and  the  basilar  process,  is  OC- 
cupied  by  a  masa  of  dtnse  fibrous  tissue  rcaching  to  the  anterior  occipito-atloid 
ligament,  in  the  inidst  of  which  is  a  more  or  Icss  distinct  median  hand  connecdng 
theae  parts,  the  middle  odontoid  ligament.'  A  ntpra-odonloid  bursa  may  be 
developcd  in  this  tissue' 

The  transverse  ligament*  C  F'gs-  167,  i68j  of  the  atlas  is  a  strong  band 
]>a.ssing  bctwcen  the  tubercks  on  the  innef  sidu  of  each  lateral  mass  oi  the  atlas.  It 
does  not  run  straiglu.  biit  ciirvcs  backward  around  thy  odontoid,  from  vthich  it  is 
separaled  by  a  bursa.  A  Kmd  from  the  middlu  of  the  transverse  ligament  passes 
ii}>w-ard  to  the  cerebral  side  of  the  kisilar  process,  ;ind  another  downward  to  the 
lM><ty  of  the  axis,  so  that  the  wli<ile  slructure  is  callcd  the  cruciform  Hgsment.* 
'Trolard:  Journ.  iIc  l',\iwt.  et  de  la  Physiol.,  1897, 
■lltt.aUrla.    *  Ug.  Ml<t>  Itnlli.    <Ua.  truntnan  lUutta.    '  U|  cnclatna  atlutU. 
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Another  bursa  lies  between  the  odontoid  and  the  anterior  arch  ol  the  adas.  The 
transverse  ligament  and  the  two  check  ligaments  are  in  series  with  the  interarticular 
ligaments  of  the  hcads  of  the  ribs. 

The  other  ligaments  of  this  region  are  in  the  main  simple  membranes  connect- 
FiG.  167. 


ing  neighboring  parts      The  anterior  occipito  atlantal  hgamcnt '  (Fig.   165) 

extends  between  the  front  of  the  foramen  magnum  and   the  anterior  aren  of  the 

atlas  :  the  anterior  atlanto-axial  (Fig.   165)  is  in  serial  continuation  with  it.     A 

distinct  rounded,  raised  band,  the  acccssory  occipito-atlantal,   passes  in  the 

median    h  ne   from    the    under   side    of    the 

occiput  to  the  front    tubercle  of    the  atlas  Fig.  168. 

(Fig.  165),  and  thence  to  the  body  of  the  Front  o(  Middir 

axis,  where  it   joins   the  anterior  common 

Kgament  of  the  spine. 

The  occtpito-axial  ligament*  {appa- 
raius  ligamentosus)  (Fig.  167)  descends  in- 
Mde  the  spinal  canal  from  the  basilar  procesa 
to  the  body  of  the  axis.  ivhere  il  joins  the 
postenor  common  ligament  and  completelv 
conceals  the  odontoid  process  and  its  special 
ligaments. 

The  posterior  occipito-atlantal'  and 
the  posterior  atlanto-axial  ligaments' 
liein  the  region  of  the  arches  (Fig.  166).    The 

former  extends  between  the  posterior  border     ftmo™!'"i''mM!dk"f''i.^«"™  l!J^r^ni*°Crii« 
ot  the  foramen  magnum  and  the  arch  ol  the     P'"«**  ■«  ihtown  Hrongiy  up«,aid. 
atlas  :    the  latter   bctween   the  arch   ol    the 

atlas  and  that  of  the  axis.  These  are  in  series  with  the  ligamenta  subflava,  bul  diRer 
from  them  in  being  non-elastic.  In  the  former  of  these  membranes  there  is  an 
opening  just  hehind  the  facets  on  the  atlas  for  the  condyles,  bridgod  over  by  a  band, 
for  the  entrance  of  the  \'ertel>ral  artery. 
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Synovial  jotnts,  the  shapes  of  which  are  described  with  the  bones,  exist  be- 
tween  ihe  oecipiia/  doru.  and  the  atias  and  between  the  a//as  and  the  axis.  The 
capsule  of  the  upper  joint  is  very  thick.  especially  behind,  where  it  is  continuous 
with  the  posterior  occipito-atloid  ligamenL  The  capsule  surrounding  the  articular 
surfaccs  of  the  atlas  and  axis  is  strengthened  posteriorly  by  a  bundle  running  upward 
and  outward  from  the  axis. 

Fic.  169. 


h  allHt  and  odonloid  proco*. 

THE  SPINE  AS  A  WHOLE. 

Anterior  Aspect  (Fig.  170). — The  bodies  enlarge,  in  the  main,  regularly 
(rom  above  downward.  This  progression  is  interrupted  only  by  a  slight  decrease 
from  the  first  to  the  fourth  thoracic.  In  the  cervical  region  the  origin  of  the  costal 
elementa  from  the  sides  of  the  bodies  givcs  the  latter  a  false  appearance  of  breadth. 
The  middle  of  the  thoracic  region  is  particularly  prominent  in  front,  owing  in  part 
,  to  the  aortic  depressiim  on  tht  left.  A  sliglit  curve  to  the  right  in  this  region  is 
generally  seen  ;  it  is  probably  attributable  to  this  cause. 

Posterior  Aapect  (Fig.  170). — A  deep  gutter  extends  on  each  side  of  the 
spinous  processes,  bounded  externally  in  the  neck  and  loins  by  the  articular  pro- 
cesses  and  in  the  back  by  the  transversc.  In  the  latter  region  the  spines  which  are 
subcutaneous  are  often  deflected  from  the  median  line,  and  may  be  arranged  in  zig- 
zag.  The  laminae  completely  close  the  spinal  canal  in  the  convex  thoracic  and 
sacral  regions,  while  it  is  left  open  in  the  neck  and  loins,  except  during  extension  of 
the  former. 

Lateral  Aspect  (Fig.  171). — The  profile  view  shows  best  of  ali  the  increasein 
the  importance  of  the  bodies  from  above  downward,  and  coincidently  with  this  the 
gradual  moving  backward  of  the  intervertebral  foramina.  Tbese  incrcase  greatly  in 
size  from  the  lower  part  of  the  thoracic  region. 

The  Curves. — The  curve  of  the  spine  is  necessaril/  an  arbitrary  one,  since  h 
varies  not  only  in  individuab  and  according  to  age,  sex,  and  occupation,  but  also 
with  position  and  the  timc  of  day,  being  longer  when  lying  than  standing,  and  after 
a  night's  rest  than  after  a  day's  work.  The  difierence  occasioned  by  position  occuis 
e3pccia]ly  in  youth,  when  it  may  amount  to  half  an  inch  or  more.  It  is  of  little 
conscc]uence  after  middle  age.  Bearing  these  variations  in  mind,  the  foIlowing  gnide 
to  the  cur\-e,  suggested  by  Huniphry,  may  be  acceptcd  :  a  line  dropped  from  the 
middle  of  the  odontoid  proccss  passes  through  the  middle  of  the  t)ody  of  the  second 
thoracic,  that  of  the  twclfth  thoracic,  and  the  anterior  inferior  angle  of  the  fiftb 
lumbar.  Hcnle  dividcs  the  spine  into  four  quartcrs  ;  and  although  this  method  has 
the  defect  of  using  the  unreliable  pelvic  seclion,  it  very  often  proves  remarkaUy 
correct.  Thus,  if  we  continue  Humphry's  line  to  the  level  of  the  tip  of  the  coccyx, 
the  middle  point  is  opposite  the  eleventh  thoracic,  the  end  of  the  first  quarter  oppo- 
site  the  lower  border  of  the  third  thoracic,  and  that  ot  the  third  quarter  opposite 
the  lower  edge  of  the  fourth  lumbar. 

The  development  of  the  curves  can  haTdly  be  said  to  have  b^un  at  biith.     At 
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Laicral  vlcw  el  adnll  ifitut. 


ihat  age  the  infant's  spine  presents  in  front 
one  (-cneral  concavity,  sliKhtly  iiitcrrupicd 
by  the  pronionlory  of  ihe  sacrum.  The  liga- 
mcntous  spine,  containing  littk-  bone,  is  cx- 
ceedingly  flexible  in  any  direction  :  the  atlas 
can  be  made  to  touch  the  sacritm.  It  is 
more  accurate  to  say  that  the  general  axia  of 
the  spine  is  a  ciirved  one  than  that  any  per- 
mancnt  or  fixed  curve  exists.  The  cervical 
curve  appears  as  the  infant  grows  strong 
enough  to  hold  up  its  head  ;  it  is  nevcr, 
properly  spcaking,  Consolidated  (Syming- 
ton),  since  it  is  always  obliterated  hy  a 
change  in  the  position  of  the  head.  The 
lumbar  curve  appeara  at  from  one  to  two 
years  when  the  child  begins  to  wallc.  The 
mechanism  of  its  productinn  is  explained  as 
follows.  When  an  infant  lies  on  its  back  the 
thighs  are  f1exed  and  fall  apart.  If  these  be 
held  togcther  and  pressed  forcibly  down,  the 
lumbar  region  wiil  spring  upward,  owing  to 
the  shortness  of  the  ilio-femoral  ligaments, 
which  bend  the  pelvis  and,  indirectly,  the 
spine.  The  psoas  muscles,  moreover,  act 
directly  on  the  spine.  When  the  child  firet 
stands,  the  body  is  inchned  forward  ;  when 
the  muscles  of  the  back  straighten  it,  the 
lumbar  cun'e  is  produced  by  the  same  mech- 
anism, since  it  is  immaterial  whether  the  lega 
are  extended  on  the  trunk  or  the  trunk  on 
the  legs.  How  or  when  these  curves  be- 
come  Consolidated  is  very  difhcult  to  deter- 
mine.  The  infiuence  o(  differences  in  thick- 
ness  of  the  front  and  back  of  the  various 
bodies  and  disks  is  inappreciable  in  the  neck  ; 
in  the  louer  part  of  the  back  and  in  the  first, 
and  pcrhaps  the  second,  lumbar  vertebrse  the 
hcight  is  greater  behind.  In  the  loins  the 
tifth  vertebra  is  much  tliickor  in  front  and, 
above  it,  the  fourth  and  third  in  a  less  degree. 
The  intervertebral  disks  are  also  much  thicker 
in  front.  How  soon  actual  difference  in 
the  diameters  of  the  \'crtebr£E  appears  is  un- 
certain.  A  child  of  about  thrce  shows  little 
of  it,  exccpt  in  the  last  lumbar,  and,  accord- 
ing  to  Symington's  plates.  therc  is  not  much 
more  ditierence  at  five  or  evcn  thirteen  yeaTS. 
It  is  certain  that  throughout  the  period  of 
growth  the  curves  can  be  nearly  or  quite 
effaced.  The  restraining  influences  are  the 
graduallv  developing  difierences  in  the  verte- 
br.f  and  the  disks,  the  effect  of  the  stemum 
and  the  ril«  on  the  thoracic  region,  the  puli 
of  the  elastic  ligaments  of  the  arches,  and 
perhaps,  aliove  ali,  muscutar  tonicitv.  In 
the  latitT  part  of  middle  age  the  curves  of 
the  biick  and  loins  bicnme  consolidaled ; 
this  is.  however,  disttnctly  a  degenerative 
process. 
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Dimensions  and  Proportions. — The  length  and  the  proportions  of  the  dif- 
lerent  presacral  regions  (including  the  intervertebral  disks),  measured  along  the  an- 
terior  surface  of  the  spine,  have,  in  fifty  males  and  twenty-three  female  bodies,  been 
found  by  us  as  stated  below.  We  give  for  comparison  RaveneFs*  and  Aeby*s^  propor- 
tions combined.  The  former  measured  eleven  and  the  latter  eight  spines  of  each  sex. 
Cunningham's'  proportions.  from  six  male  and  five  female  spines,  are  also  added. 
In  the  proportions,  one  hundred  represents  the  total  presacral  length  along  the  curves. 


ACTUAL  LENGTH   OF  PRESACRAL  REGIONS  OF  SPINE. 


Centimetres. 

Neck 13.3 

Back 28.7 

Loins 19.9 

61.9 


Male. 


(Inches.) 

(  5-25) 
(11-30 
(  7-8a) 

(24-38) 


Female. 
Centimetres. 

1 2. 1 
26.5 
18.7 


57-3 


(Inches.) 

(   4.75 
(10.44 

(   7.38 
(22.57) 


PROPORTIONS  OF  PRESACRAL  REGIONS  OF  SPINE. 


Neck 
Back 
Loins 


Male. 
(Ehvight.)     (R.  &A.)     (Cunningham.) 

21.5  21.7  21.8 

46.3  46.7  46.5 

32.2  31.4  3^7 

loo.o 


loo.o 


99.8 


(Dwight.) 
21.2 
46.1 
32.7 

loo.o 


Female. 

(R.  &  A.) 

21.7 
46.5 

100.6 


(Cunningham.) 
21.6 
45.8 
32.8 

100.2 


Thus,  while  it  is  true  that  the  lumbar  region  is  relatively  longer  in  woman,  the 
difference  is  trifiing.  • 

ABSOLUTE   AND    RELATIVE    LENGTH    OF    PRESACRAL    REGIONS     DURING 

GROVVTH. 


Agb. 


Atbirth 

Atbirth 

Atbirth 

One  month 

Onemonth 

Tbreemonths 

Six  months 

Six  months 

Ten  months 

One  year,  boy 

One  year,  bov 

One  year  ana  one  month,  boy 
One  and  a  half  years,  girl  .   . 
One  and  a  half  years,  boy     . 

Two  years,  boy 

Two  years,  boy 

Three  years,  pri 

Four  years,  girl 

Four  and  a  half  years,  boy   . 

Five  years,  boy 

Five  years.  boy 

Six  years,  bov 

Nine  years,  girl 

Eleven  years,  bov 

Thirteen  years.  girl     .... 

Fifteen  vears,  boy 

Sixteen  years,  girl 

Sixteen  years,  girl 

Sc\-enteen  years,  girl  .... 


Absolutb  Length. 
(In  Millimetres.) 


Observbr. 


Relativk  Length. 
(Total  —  i(x>.) 


Ravenel. 

Ravenel. 

Ravenel. 

Chipault.* 

Chipault. 

Ravenel. 

Aeby. 

Aeby. 

Dwight. 

Chipault. 

Chipault. 

Chipault. 

Chipault. 

Chipault. 

Ravenel. 

Aeby. 

Dwight. 

Aeby. 

Chipault. 

Symington.* 

Ravenel. 

Symington. 

Ravenel. 

Aeb^. 

Symmgton. 

Duight. 

Aeby. 

Aebv. 

Dwight. 


Neck. 

Back. 

Loins. 

t 

25.9 
21 

48.2 
52.6 

25.9 
26.3 

21.6 
24.2 

25.3 

51.3 
48.4 
48.1 

27 

27.4 
26.6 

24 
24.3 

24.1 

23.2 

23.7 
24.5 
25.2 

237 
24.3 
23.3 
24 

22.9 

23.1 

22.6 
22.5 
20.3 
22.2 
19.8 

197 

21.5 
21. 1 

21. 1 

21.9 

21.5 


48.1 

47.5 
48.6 

47.5 
47.8 

45-9 
44.8 
49.7 
47.4 
46.7 

46.4 

47.5 
46.9 

48.9 

48 

45.6 

48.5 

45-4 
47.2 

48.7 

46.6 

46.9 

46.9 

47-7 


27.0 
27.8 

27.5 
29.2 

28.5 
29.6 

30 
26.6 

28.3 

30 
29.6 

29.6 

29.9 

28.5 

29.4 

34.2 

293 

34.9 

331 
29.1 

32.2 

319 
31.1 
30.7 


»  Zeitschrift  fiir  Anat.  und  Entwicklng.,  1876. 
•  Cunningham  :  Menioirs,  1886. 
» The  Anatomy  of  the  Child. 


'  Arch.  fiir  Anat.  und  Entwicklng.,  1879. 
*  Revue  d'Orthop^die,  1895. 
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It  appears  from  the  above  that  in  the  adult  the  neck  is  a  little  more  than  one- 
fifth  of  the  movable  part  of  the  spine  and  the  loins  a  little  less  than  one-third.  In 
the  young  embryo  these  proportions  are  reversed,  but  by  the  tirne  of  birth  these  two 
parts  are  nearly  equal. 

Movements  of  the  Head. — Those  between  the  occiput  and  atlas  are  almost 
wholly  limited  to  flexion  and  extension^  of  which  the  latter  is  much  the  greater. 
This  is  in  part  due  to  the  reception  of  the  posterior  pointed  extremities  of  the  articu- 
lar  processes  of  the  atlas  into  the  inner  parts  of  the  posterior  condyloid  fossae.  The 
anterior  occipito-atlantal  ligament  and  the  odontoid  ligaments  are  tense  in  extreme 
extension.  \nflexion  the  tip  of  the  odontoid  is  very  close  to,  if  it  does  not  touch, 
the  basilar  process.  The  range  of  both  these  motions  is  much  increased  by  the 
participation  of  the  cervical  region.  There  may  be  a  little  lateral  motion  between 
the  adas  and  head,  and  there  is  some  slight  rotation.  The  great  variation  of  the 
shape  of  the  articular  facets  makes  it  clear  that  both  the  nature  and  extent  of  the 
motions  must  vary  considerably. 

The  joint  between  the  atlas  and  axis  is  devoted  almost  wholly  to  rotation,  The 
transverse  ligament  keeps  the  odontoid  in  plače,  and  the  very  strong  odontoid  liga- 
ments check  rotation  alternately.  The  head  is  highest  when  directed  straight  fonvard, 
but  the  joints  are  in  more  perfect  adaptation  if  one  condyle  be  a  little  anterior  to  the 
other,  and  if  the  atlas  be  slightly  rotated  on  the  axis.  This  position,  though  entail- 
ing  a  slight  loss  of  height,  is  the  one  naturally  chosen  as  that  of  greatest  stability. 

Movements  of  the  Spine. — The  very  extensive  range  of  motion  of  the 
whole  spine  is  the  sum  of  many  small  movements  occurring  at  the  intervertebral 
disks.  The  whole  column  is  a  flexible  rod,  but  this  conception  is  modified  by  the 
following  [>eculiarities  :  ( i )  the  motion  is  not  equally  distributed,  owing  to  the  vary- 
ing  distances  between  the  disks  and  the  differences  of  thickness  of  the  disks  them- 
selves  ;  (2)  the  bodies,  which  form  the  essential  part  of  the  rod,  are  not  circular,  so 
that  motion  is  easier  in  one  direction  than  in  another  ;  (3)  the  rod  is  not  straight 
but  curved  ;  (4)  the  kind  of  motion  is  influenced  by  the  articular  processes,  and 
varies  in  the  different  regions.  Other  modifying  circumstances  exist,  but  these  suf- 
fice  to  show  that,  while  certain  general  principles  may  be  laid  down,  an  accurate 
analysis  of  the  spinal  movements  is  absolutely  impossible. 

The  incompressible  semifluid  centre  of  each  disk  has  been  compared  to  a  bali 
on  which  the  rest  of  the  disk  plays.  This  would,  therefore,  be  a  universal  joint 
were  there  no  restraining  apparatus.  The  motions  are  fl€xion  and  extension^ — 
i,e,y  angular  movements  on  a  transverse  axis  ;  lateral  motion^ — i,e.^  the  same  on 
an  antero- posterior  axis,  and  rotation  on  a  vertical  axis.  It  is  unlikely  that  any 
single  one  of  these  motions  ever  occurs  vvithout  some  mingling  of  another.  Flexion 
and  extension  are  greatest  in  the  neck  and  loins.  Extension  is  more  free  than 
ilexion  in  the  neck,  where  it  is  limited  by  the  locking  of  the  laminae,  which,  when 
the  head  is  thrown  as  far  back  as  possible,  gives  great  rigidity  to  the  neck.  In  the 
loins  and  in  the  region  of  the  last  two  thoracic  vertebrae  flexion  is  the  more  exten- 
sive.  Bcfore  the  spine  is  Consolidated,  slight  flexion  is  possible  throughout  the  back, 
but  extcnsion  is  very  quickly  checked  by  the  locking  of  the  laminae  and  spines. 
lateral  motion  is  greatest  in  the  neck,  considerable  in  the  back  and  least  in  the 
loins.  Such  motion  is  always  associated  \vith  rotation,  which  is  most  free  in  the 
neck,  considerable  in  the  back,  and  very  slight,  at  most,  in  the  loins.  It  is  to  be 
remembercd  that  motions  both  in  the  antero- posterior  and  in  the  transverse  plane 
are  checked  by  the  tension  of  the  ligaments  on  the  side  of  the  body  of  the  vertebra 
opposite  to  the  direction  of  the  motion,  and  also  by  the  resistance  to  compression 
of  that  side  of  the  intervertebral  disk  towards  which  the  motion  occurs.  The  liga- 
menta  subflava,  being  elastic,  tcnd  continually  to  bring  the  bones  back  into  position 
from  the  innumerable  slight  displacements  to  which  thcy  are  subject.  That  this 
replacement  is  eflfectcd  by  a  purely  physical  property  of  the  tissue  instead  of  by 
muscular  action  implies  a  great  saving  of  energy.  The  amount  of  ali  motions,  and 
of  rotation  in  particular.  decreases  throughout  life  and  varies  much  in  individuals. 
According  to  Keen,  the  rotary  motion  betwcen  the  atlas  and  the  axis  amounts  to 
twcnty-five  dcgrees,  that  in  the  rest  of  the  neck  to  forty-five  degrees,  and  that  of  the 
thoracic  and  lumbar  regions  to  about  thirty  degrees  on  each  side. 
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PRACTICAL  CONSIDERATIONS. 

While  the  number  of  vertebrae  in  the  neck  is  almost  invariable  in  man  (and 
indeed  in  ali  the  mammalia  except  the  sloth  and  the  sea-cow),  the  length  of  the 
cervical  region  varies  greatly  in  individuals.  As  it  is  apparendy  shortened  during 
full  inspiration  and  lengthened  during  fuU  expiration,  so  an  actual  change  in  its 
length  is  associated  with  the  types  of  thorax  that  correspond  to  these  conditions. 
The  long  neck  is  therefore  found  in  persons  with  chests  that  are  flat  above  the 
mammae,  with  wide  upper  intercostal  spaces  and  narrow  lower  ones,  and  with  lack  of 
prominence  of  the  sternum.  These  conditions  are  often  associated  with  phthisical 
tendendes.  The  short  neck  is  found  in  persons  with  chests  of  the  reverse  type. 
Its  theoretical  association  with  apoplectic  tendencies  is  very  doubtful. 

The  remaining  variations  both  in  the  length  and  in  the  shape  of  the  vertebral 
column  are  closely  connected  with  corresponding  variations  in  its  curves. 

The  normal  curves  of  the  spine  are  four :  the  cervical,  thoracic,  lumbar,  and 
pelvic  (or  sacro-coccygeal).  The  cervical  and  lumbar  are  concave  backward,  the 
thoracic  and  pelvic  convex  backward  (Fig.  171).  These  curves  are  produced  and 
kept  up  partly  by  the  twenty-three  intervertebral  disks.  They  are  altered  by  disease. 
An  additional  curve  not  uncommon  in  absolutely  healthy  persons  consists  in  a  slight 
deflection  of  the  thoracic  spine  to  the  right ;  this  asymmetiy  is  usually  ascribed  to  the 
^eater  use  of  the  right  arm,  but  it  is  due  to  the  position  of  the  heart  and  the  aorta. 

Ali  the  vertebral  bodies  are  composed  of  cancellous  tissue,  which  is  more  spbngy 
in  direct  proportion  to  the  size  of  the  vertebrae,  and  therefore  is  least  so  in  the  neck 
and  most  spongy  in  the  lumbar  region.  This  corresponds  with  the  greater  succu- 
lence  and  elasticity  of  the  lower  intervertebral  disks  and  aids  in  minimizing  the  effect 
of  )ars  and  shocks  such  as  are  received  in  alighting  from  a  height  upon  the  feet,  the 
lower  portion  of  the  column  of  course  receiving  the  greater  weight.  If  in  such  falls 
the  calcaneum  or  tibia  is  broken,  the  spine  usually  escapes  injury.  If  the  lower 
extremity  remains  intact,  the  safety  of  the  spine  depends  largely  upon  the  elasticity 
given  by  its  curves  and  by  the  disks. 

The  fact  that  the  bodies  have  to  bear  the  chief  strain  of  such  shocks  and  of 
extreme  ilexion  and  extension,  the  most  usual  forms  of  spinal  in3ury,  serves,  together 
with  their  comparative  vascularity,  to  make  them  the  seat  of  tuberculous  infection 
when  it  invades  the  spine.  Their  spongy  texture,  once  they  are  softened  by  inflam- 
mation,  leads  to  their  ready  disintegration  under  the  superincumbent  weight.  In 
the  neck  and  in  the  loins  the  process  may  at  first  merely  cause  a  straightening  of  the 
column,  the  normal  curves  being  concave  backward.  In  the  thoracic  region — the 
most  common  situation — it  soon  produces  kyphosis,  an  exaggerated  backward  curve, 
the  sharp  projection  of  the  spinous  processes  of  the  affected  vertebrae  causing  it  to 
be  known  as  **angular  curvature."  The  abscesses  which  result  from  caries  of  the 
vertebrae  are  governed  as  to  their  position  and  course  by  the  fasciae  and  muscles 
that  surround  them.     They  will,  therefore,  be  described  later  (page  643). 

The  suspension  of  the  whole  body  from  the  chin  and  occiput  separates  the  indi- 
vidual  vertebrae  so  that  they  are  held  together  mainly  by  their  ligaments.  This 
ob\'iously  relieves  or  removes  the  pressure  of  the  superincumbent  weight  on  the 
bodies  of  diseased  vertebrae.  The  relief  of  pressure  in  cases  of  thoracic  caries  is 
continued  by  the  use  of  appliances  which  transfer  the  weight  of  the  head  and 
shoulders  to  the  pelvis.  The  simplest  of  these  is  the  plaster  jacket.  For  cervical 
caries,  the  weight  of  the  head  is  transferred  to  the  trunk  beneath  the  level  of  disease 
by  means  of  an  apparatus  extending  from  above  the  head  to  a  band  (of  leather  or 
plaster)  encircling  the  chest. 

In  cases  of  kyphosis  corrected  by  the  method  of  **forcible  straightening**  it 
is  obvious  that  a  gap  proportionate  to  the  amount  of  bone  which  has  previously 
bcen  destroyed  must  be  left  betvveen  the  bodies  of  the  diseased  vertebrae.  The 
ultimate  integrity  of  the  spinal  column  will  dcpend  upon  the  extent  and  character 
of  the  ankylosis  which  takes  plače  between  the  separated  vertebrae.  It  is  asserted 
(Calot)  that  such  consolidation  does  occur  between  the  bodies  in  moderately  severe 

i,  and  between  the  laminae,  transverse  processes,  and  spines  in  the  more  serious 
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ones.  It  has  been  shown  (Wunstein)  that  injiiry  to  the  dura  and  cord  and  even 
fracture  of  the  arches  and  processes  are  possible  concomitants  of  forcible  rectifica- 
tion  of  kyphosis. 

If  the  curve  forward  of  the  lumbar  spine  is  exaggerated,  constituting  lordosis^ 
it  is  usually  compensatory,  and  is  acquired  in  an  effort  to  maintain  the  erect 
position,  as  in  cases  of  high  caries,  great  obesity,  pregnancy,  ascites,  abdominal 
tumors,  etc. 

Scoliosis  or  lateral  curvature  conimonly  results  from  faulty  positions  in  young, 
undevelopcd  persons  with  weak  muscles,  as  school-girls,  who  sit  or  stand  in  such  atti- 
tudes  that  the  muscles  are  relieved  and  the  strain  is  borne  by  insensitive  structures, 
like  ligaments  and  fasciae.  This  results  in  a  defiection  of  one  part  of  the  column — 
generally  the  thoracic — to  one  side,  usually  the  right,  and  the  formation  of  a  compen- 
saiory  curve  below,  and  occasionally  of  one  above  also.  The  bodies  of  the  affected 
vertebrae  are  at  the  same  tinie  rotated,  partly  by  the  action  of  the  slips  of  the  longis- 
simus  dorsi  which  are  attached  to  the  ribs  near  the  angles  and  to  the  tips  of  the  trans- 
verse  processes  (Fig.  520),  so  that  in  advanced  cases  the  tips  of  the  spinous  pro- 
cesses  of  the  affected  segments  turn  towards  the  concavity  of  the  curves,  while  the 
transverse  processes  of  the  vertebrae  in  vol  ved  tend  to  lie  in  an  antero-posterior  plane 
and  can  often  be  felt  projecting  backward. 

A  further  explanation  of  the  causes  of  the  rotation  may  be  found  in  the  behavior 
of  a  straight  flexible  rod  under  similar  conditions.  Torsion  results  from  any  motion 
in  which  ali  particles  of  a  straight  flexible  rod  do  not  move  in  parallel  columns. 
Thei^efore,  if  it  be  bent  in  two  planeš  at  the  same  tirne  torsion  must  inevitably  occur. 
The  vertebral  column  being  bent  in  the  antero-posterior  plane  by  a  series  of  gentle 
curves,  lateral  bending  must,  therefore,  inevitably  lead  to  torsion,  since  it  means 
bending  in  two  planeš. 

A  litde  consideration  of  the  relations  of  the  spine  to  the  ribs,  scapula,  and  pelvis 
wiir  show  that  lateral  fiexion  and  rotation  cannot  take  plače  without  causing  (a)  sep- 
aration  of  the  ribs  on  the  convex  side  ;  (^)  change  in  the  costal  angles,  making 
the  ribs  more  horizontal  on  the  convex  and  more  oblique  on  the  opposite  side  ;  (c) 
undue  prominence  of  their  angles  on  the  convex  side,  the  scapula  being  carried  upon 
them  so  that  it  also  is  more  prominent  ;  {d )  diminution  of  the  ilio-costal  space  on 
the  concave  side  ;  {e)  elevation  of  the  shoulder  on  the  convex  side  ;  (/)  flatten- 
ing  of  the  chest  in  front  on  the  convex  and  undue  prominence  of  the  chest  on  the 
opposite  side  ;  (^)  projection  of  the  ilium  on  the  concave  side.  Lateral  curvature 
with  these  secondary  deformities  may  also  be  produced  by  unequal  leng^h  of  the 
lower  limbs,  one-sided  muscular  atrophy,  hypertrophy,  or  spasm,  sacro-iliac  disease, 
empyema,  and  asymmetry  of  either  the  pelvis  or  the  head. 

The  latter  factor  is  especially  interesting  from  an  anatomical  stand-point.  From 
what  has  been  said  (page  142)  of  the  position  of  greatest  stability  of  the  joints  be- 
tween  the  head  and  the  atlas  and  the  latter  and  the  axis,  it  is  evident  that  the  position 
of  greatest  ease  is  with  the  head  slightly  turned  to  one  side,  the  condyles  of,  the 
occiput  not  being  in  their  bost  contact  with  the  superior  articular  surfaces  of  the 
atlas  when  the  head  is  held  straight,  but  rather  when  the  head  is  s]ightly  tivisted 
(Dwight).  The  effecls  of  this  are  far-reaching.  First,  there  is  an  instinctive  effort 
to  get  the  eyes  on  the  same  plane  in  looking  forvvard,  which  is  presumably  the 
primary  cause  of  the  asymmetry  of  the  face  that  is  usually  found.  It  is  also  easier 
to  support  the  weight  in  standing  chiefly  on  one  leg,  hence  the  other  side  of  the 
pelvis  is  allowed  to  fall  so  that  the  lumbar  region  slants  away  from  the  supporting  leg. 
This  must  be  corrccted  by  a  lateral  motion  of  the  spine  above  it,  and  as  this  is  not 
I>ure  but  mixed  with  rotation,  there  occurs  a  tvvist  in  the  spine  ;  one  shoulder  is  higher 
than  the  other  as  \vell  as  farther  for\vard.  In  healthy  persons  such  positions,  if  not 
maintained  too  long.  do  little  harm  ;  but  ihcre  is  likely  to  be  some  spinal  asymmetry 
in  aH.  and  there  is  the  danger  that  it  mav  becomo  pronounced  and  fixed  in  the  weak. 

Sprains  of  the  spine  are  most  common  in  the  ccTvical  and  lumbar  regions  :  in 
the  former  because  of  the  greater  mobilitv  of  the  articulation  with  the  cranium,  and 
in  l>oth  l>ecause  of  thfir  own  mobilitv.  the  greatest  degree  of  bending  in  an  antero- 
posterior  direction  l)eing  possil^le  in  those  two  sej^ments  of  the  spine.  The  thoracic 
and   i>elvic  curves  are  primary,  form  part  of  the  vvalls  of  the  thorax  and  pelvis. 
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appear  early,  and  are  chiefly  due  to  the  shape  of  the  vertebral  bodies.  The  cervical 
and  lumbar  curves  are  secondary,  develop  after  birth,  and  depend  mainly  on  the 
shape  of  the  disks.  Greater  mobility  would  naturally  be  expected  under  the  latter 
circumstances.  The  close  articulation  between  the  separate  vertebrae  throughout 
the  whole  column,  while  it  renders  a  slight  degree  of  sprain  not  uncommon,  tends 
at  the  same  tirne  to  diffuse  forces  applied  to  the  spine  and  to  concentrate  them  within 
certain  areas.  These  areas  are  the  points  at  which  fixed  and  movable  portions  of  the 
spine  join  each  other,  as  in  the  neighborhood  of  the  atlanto-axial,  the  cervico- 
thoracic,  and  the  dorso-lumbar  regions. 

If  the  force  is  sufficient  to  cause  an  injury  of  greater  severity  than  a  sprain 
it  is  apt  to  be  a  dislocation  or  a  fracture  with  dislocation  at  one  or  other  of  these 
localicies.  The  latter  accident  is  usually  caused  by  ex treme  ficxion  of  the  spine,  and 
of  the  three  points  mentioned  is  most  often  found  in  the  segment  including  the 
lower  two  thoracic  and  the  upper  one  or  two  lumbar  vertebrse.  This  is  due  to  the 
fact  that  ( I )  this  segment  has  to  bear  almost  as  much  weight  as  the  lumbar  spine, 
and  yet  its  vertebrie  are  smaller  and  weaker.  (2)  The  transverse  processes  are 
short,  while  the  longer  ones  below,  together  with  the  crest  of  the  ilium  and  the  ribs 
above,  g^ve  a  powerful  leverage  to  the  muscles  that  move  the  region  in  question. 
(3)  It  is  the  region  at  which  the  most  concave  part  of  the  thoracico-lumbar  curve  is 
found,  making  the  **  hollow  of  the  back*'  and  corresponding  to  the  *'  waist"  where 
the  circumference  of  the  trunk  is  smallest.  (4)  Its  nearness  to  the  middle  of  the 
column  enables  a  greater  length  of  leverage  to  be  brought  to  bear  against  it  than 
against  any  other  part.  (5)  The  different  segments  of  the  spine  above  it  are  com- 
paratively  fixed  (Humphry).  These  anatomical  facts  account  for  the  frequency 
and  severity  of  the  injury  known  as  **  fracture-dislocation"  in  this  region  as  a  result 
of  extreme  flexion. 

A  view  of  the  vertebral  column  from  behind  (Fig.  170)  ser\'es  well  to  illustrate 
some  of  these  points. 

Pure  dislocations  are  rare,  but  are  more  frequent  in  the  upper  than  in  the  lower 
part  of  the  spine,  because  the  bodies  of  the  cervical  vertebrae  are  small,  and  the 
mterlocking  of  the  articular  processes  is  less  firm  than  it  is  lovver  in  the  column. 
The  vertebra  most  commonly  dislocated  is  the  fifth  cervical,  \vhich  might  be  expected 
frohi  the  fact  that  in  the  neck  flexion  and  extension  are  freest  between  the  third  and 
sixth  vertebrae.  The  dislocation  is  usually  anterior,  —  that  is,  the  articular  process 
of  one  vertebra  slips  fon^ard  and  falls  down  on  the  pcdicle  of  the  vertebra  below, 
resting  in  the  intervertebral  notch, — this  accident  being  rendered  easy  by  the  com- 
paratively  horizontal  position  of  the  articular  processes  in  the  cervical  region.  Such 
dislocation  is  practically  impossible  in  the  thoracic  or  lumbar  region  without  fracture, 
vhfle  fracture  is  comparatively  rare  in  the  cervical  region.  The  lumen  of  the  spinal 
canal  may  be  but  little,  if  at  ali,  invaded. 

As  to  reduction,  experiments  show  ( Walton)  that  no  moderate  amount  of  exten- 
sion  in  a  direct  line  vvould  raise  the  displaced  articular  processes  in  the  least  degree. 
It  was,  however,  found  easy  to  unlock  these  processes  by  retro-lateral  flexion,  bend- 
ing  the  head  towards  the  side  to  which  the  face  was  already  turned,  an  inappreciable 
amount  of  force  being  necessarv.     Rotation  into  plače  completed  the  reduction. 

Ali  pure  dislocations  are  reallv  subluxations,  as  without  extensive  fracture  of 
the  processes  and  great  laceration  of  ligaments  a  complete  separation  of  the  articu- 
lar surfaces  of  two  adjoining  vertebrae  is  practically  impossible. 

Pure  fracture,  not  the  result  of  a  gunshot  wound,  is  rare.  If  from  flexion,  the 
fracture  involves  the  body  ;  if  from  direct  violence,  usually  the  laminae.  These  facts 
require  no  explanation. 

Dislocations  and  fractures  of  the  upper  tw'o  cervical  vertebrae  are  especially 
serious  on  account  of  the  proximity  of  the  medulla  and  of  their  position  above  the  roots 
of  the  phrenic  nerve  and  of  the  nerves  supplying  the  external  muscles  of  respiration. 
If  the  accident  is  from  overflexion,  it  may  be  a  dislocation  betvveen  the  occiput  and 
the  atlas,  as  it  is  there  that  the  movements  of  flexion  and  extension  of  the  head  take 
plače.  If  it  arises  from  extreme  rotation.  and  especiallv  if  there  is  rupture  of  the 
check  ligaments,  it  may  be  a  dislocation  of  the  atlas  from  the  axis,  as  it  is  there  that 
the  rotaiy  movements  of  the  head  occur.      "  A  dumb  person  expresses  '  yes'  at  the 
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occipito-atloid  joint  and  'no'  at  the  atlo-axoid"  (Owen).  Painless  nodding  and 
rotation  of  the  hcad  aid,  therefore,  in  the  exclusion  of  the  occipito-atlantal  and 
atlanto-axial  regions  in  obscure  cases  of  high  caries. 

The  axis  is  more  spongy  than  the  atlas,  and  is  ueakest  about  one  centimetre 
below  the  neck  of  the  odontoid  process,  and  this  is  one  of  the  most  frequent  seats 
of  fracture. 

In  fracture-dislocations,  which  constitute  from  seventy  to  eighty  per  cent.  of  se- 
vere spinal  injuries,  the  thoracico-lumbar  region  suffers  most  commonly  for  the  reasons 
above  stated.  The  almost  vertical  direction  of  the  articular  processes  of  the  thoracic 
vertebrae  causes  them,  vvhen  tlexion  is  extreme,  as  vvhen  a  weight  has  fallen  on  the 
back,  to  be  frequently  fractured,  vvhich,  together  with  the  accompanying  crushing 
of  the  vertebral  body  and  rui)ture  of  the  supra-  and  interspinous  ligaments  and 
the  ligamenta  subflava,  permits  the  immediate  sHding  fon\'ard  of  the  vertebrat  above 
the  crushed  one  and  the  compression  of  the  cord — often  its  practical  severance — 
between  the  anterior  edge  of  the  posterior  arch  of  the  upper  vertebra  and  the  poste- 
rior  edge  of  the  body  of  the  lower  one. 

(For  the  resulting  symptoms,  see  section  on  Nervous  System,  page  1053.)  It 
may  be  mentioned  here  that  the  spinal  nerves  do  not  arise  from  the  cord  opposite 
the  vertebrae  after  which  they  are  named.  Their  regions  of  origin  may  briefly  be 
stated  as  follows  : 

( 1 )  Occiput  to  sixth  cervical  spine,  ^-eight  cervical  nerves. 

(2)  Seventh  cervical  to  fourth  thoracic  spine, — upper  six  thoracic  nerves. 

(3)  Fifth  to  tenth  thoracic  spine, — lower  six  thoracic  nerves. 

(4)  Eleventh  and  twelfth  thoracic  spines, — five  lumbar  nerves. 

(5)  First  lumbar  spine, — ti  ve  sacral  nerves. 

Landmarks. — To  fix  the  limits  of  the  spine  in  the  living,  draw  a  horizontal 
line  from  the  anterior  nasal  spine  to  the  lower  edge  of  the  external  occipital  pro- 
tuberance  and  another  backward  from  the  top  of  the  symphysis  pubis.  Seen  from 
the  side,  the  top  of  the  spine  is  in  a  line  connecting  the  front  of  the  lobe  of  each  ear, 
passing  behind  the  neck  of  the  lower  jaw.  Frozen  sections  sho\v  that  the  front  of 
the  vertebral  bodies  is  much  nearer  the  centre  of  the  body  than  one  is  prepared  to 
expect.  A  vertical  transverse,  or  frontal,  i)lane  through  the  thorax  at  its  greatest 
breadth  strikcs  the  angle  of  the  javv,  the  front  of  the  cervical  convexity  of  the  spJ\ie, 
and  cuts  the  body  of  the  fourth  lumbar  (Langer). 

The  relations  of  the  spine  anteriorlv  are  considered  with  the  parts  in  front  of  it. 
The  parts  felt  from  the  surface  are  the  spinous  processes  and  some  few  of  the  trans- 
verse ones.  The  line  of  the  spines  is  a  good  example  of  the  general  rule  that 
promincnces  on  the  skeleton  lie  in  hollows  in  the  flesh  ;  a  deep  furrow  between  the 
muscular  mitsscs  marks  their  position. 

Palpation  of  the  norinal  spine  with  the  soft  parts  in  plače  gives  the  following 
Information.  The  spine  of  the  second  cervical  can  be  felt  by  deep  pressure  a  little 
below  the  occiput.  The  short  spines  of  the  succeeding  vertebra*  are  made  out  \vith 
great  difficulty.  The  fifth  is  longer  than  those  just  above  it.  The  sixth  is  much 
longer  and  nearly  as  long  as  that  of  the  seventh.  Tho  name  vertebra  prominens 
conferred  on  the  seventh  is  misleading,  for  the  spine  of  the  first  thoracic  is  the  most 
prominent  in  this  region.  The  third,  fourth,  and  fifth  cervical  spines  recede  from 
the  surface  by  reason  of  the  fonvard  curve  of  the  cervical  segment  and  on  account 
of  their  shortness.  This  permits  of  free  extension  of  the  head  and  neck.  The  liga- 
mentum  nuchae  also  i)revents  them  from  being  felt  distinctly.  The  sixth  and  seventh 
cervical  and  first  thoracic  are  easily  felt.  The  remainder,  lying  in  the  groove  caused 
by  the  prominence  of  the  erector  spinie  muscles,  can  usually  be  palpated  without 
much  difficultv. 

The  relative  sizes  vary  so  much  that  it  is  not  safe  to  identifv  any  spine  in  this 
way.  If  the  whole  serits  from  the  second  cannot  be  counted,  it  is  hest  to  start  from 
the  fourth  lumlxir,  which  is  on  a  level  with  the  highest  points  of  the  ilia.  Vertebrae 
can  also  be  identified  from  ihe  lower  ribs  by  the  relations  of  the  heads  to  the  bodies. 
The  relations  of  the  spinous  processes  to  the  bodv  varv.  Thus,  in  the  cer\'ical 
region  the  first  ^\'^  spines  pjiss  nearlv  straight  backward.  The  sixth  and  seventh, 
like  the  upper  two  or  three  thoracic  spines,  descend  a  little,  so  that  the  tip  is  opposite 


LANDMARKS   OF   THE   SPINE. 
Fic.   171. 


Astcrior  bDundarv 


ThyroidKla 
UpfKT  bordcr  of  manubr 


AamidlDc  panion  of  a,>nii: 


L.i>mr  border  ol  body  of 


148  HUMAN   ANATOMV. 

to  the  body  next  below  it.  With  the  fourth  or  fifth  thoracic  they  point  much  more 
strongly  downward,  so  as  to  be  opposite  the  disk  below  the  succeeding  body.  This 
continues  to  the  tenth,  where  they  are  opposite  the  body  below.  In  the  loins  the 
spines  have  a  considerable  posterior  surface,  which  is  opposite  the  disk  and  the 
upper  part  of  the  body  below  it.  The  tips  of  the  spines  are  not  always  in  a  straight 
line,  but  sometinies  describe  a  zigzag.  The  transverse  process  of  the  atlas  can  be 
felt  below  the  tip  of  the  mastoid  process,  nioving  with  the  head  when  the  latter  is 
turned.  The  transverse  processes  below  this  are  felt  \vith  great  difficulty  through 
the  muscles  of  the  side  of  the  neck.  Those  of  the  back  and  loins  are  too  thickly 
covered  to  be  felt.  The  laminae  are  also  thickly  covered  with  muscles,  so  that  the 
operation  of  laminectomv  necessarily  involves  a  deep  wound,  and  in  the  thoracic 
region  this  difficultv  is  increased  by  the  backward  projection  of  the  ribs. 

As  landmarks  the  spim^s  of  the  vertebrit,  on  account  of  their  accessibility,  have 
great  value.  These  spines  have  the  following  relations.  The  fourth  cervical  spine 
corresponds  to  ( i )  the  opening  of  the  larynx  ;  ( 2 )  the  bifurcation  of  the  carotid 
artery,  and  hence  the  point  of  origin  of  both  the  external  and  internal  carotid 
arteries.  The  si.vth  cervical  indicates  the  level  of  the  carotid  tubercle  (transverse 
process  of  the  sixth  vertebra)  and  the  entrance  of  the  vertebral  artery  into  the  bony 
canal.  The  sevetUh  cervical  spine  is  a  guide  to  ( i )  the  lower  border  of  the  cricoid 
cartilage  ;  the  lower  opening  of  the  larynx  and  the  beginning  of  the  trachea  ;  (2) 
the  lower  end  of  the  pharynx  and  the  upper  opening  of  the  cesophagus  ;  (3)  the 
Crossing  of  the  omo-hyoid  over  the  common  carotid  ;  (4)  the  level  of  the  apex  of 
the  lung  and  to  the  summit  of  the  arch  of  the  subclavian  artery.  The  fourth  thoracic 
spine  corresponds  to  the  level  at  which  the  aorta  reaches  the  spinal  column,  the 
trachea  bifurcates,  and  posteriorly  the  apex  of  the  lovver  lobe  of  the  lung  is  found. 
It  is  on  the  same  level  as  the  root  of  the  spine  of  the  scapula.  The  seventh  thoracic 
lies  on  a  level  with  the  infcrior  angle  of  the  scapula.  The  ci^i>;hth  thoracic  indicates 
the  lower  level  of  the  hcart  and  that  of  the  central  tendon  of  the  diaphragm  and  the 
level  at  which  the  inferior  vena  cava  passes  through  the  diaphragm.  The  ninth  tho- 
racic marks  the  level  at  which  the  upper  ^i\%ft  of  the  spleen  is  found  in  health,  and  at 
which  also  the  cesophagus  pierces  the  diaphragm.  The  tenth  thoracic  corresponds 
to  the  lower  edge  of  the  lung,  the  spot  at  which  the  liver  comes  to  the  surface  jK)ste- 
riorly.  The  spines  of  the  third  to  the  ninth  thoracic  correspond  to  the  heads  of  the 
fourth  to  the  tenth  ribs  respectively.  The  cleventh  thoracic  is  a  guide  to  the  normal 
situation  of  the  lower  border  of  the  spleen  and  to  the  upper  part  of  the  kidney. 
The  twelfth  thorcu^ic  marks  the  lower  limit  of  the  pleura,  the  passage  of  the  aorta 
through  the  diaphragm,  and  the  situation  of  the  pyloric  end  of  the  stomach,  and 
is  on  a  level  with  the  head  of  the  last  rib.  The  frst  lumbar  spine  is  on  the  line  of 
the  renal  arteries  and  the  pelvis  of  the  kidney.  The  second  lumbar  spine  corre- 
sponds to  ( I )  the  termination  of  the  duodenum  and  the  commencement  of  the 
jejunum  ;  (2)  the  opening  of  the  ductus  communis  choledochus  into  the  intestine  ; 
(3)  the  lower  border  of  the  kidney  ;  (4)  the  lower  border  of  the  pancreas  ;  (5)  the 
upper  end  of  the  root  of  the  mesentery  ;  (6)  the  point  of  origin  of  the  superior 
mesenteric  artery  ;  (7)  the  commencement  of  the  thoracic  duct  ;  (8)  the  commence- 
ment of  the  vena  porta  ;  ( 9 )  the  termination  of  the  spinal  cord  and  the  origin 
of  the  cauda  equina  ;  (  10)  the  upper  end  of  the  receptaculum  chvli.  The  third 
lumbar  corresponds  to  the  level  of  the  umbilicus  and  the  origin  of  the  inferior 
mesenteric  artery  ;  the  fourth  lumbar  spine  marks  the  point  of  bifurcation  of  the 
abdominal  aorta  into  the  two  common  iliac  arteries,  and  lies  on  a  level  with  the 
highest  part  of  the  ilium  ;  and,  finally,  the  fifth  lumbar  spine  is  a  little  below  the 
beginning  of  the  inferior  vena  cava. 

Direct  cocainization  of  the  s[)inal  cord  has  recentlv  been  employed  in  surgery  in 
operations  on  the  lo\ver  abtlomen,  pelvis,  and  lovver  extrcmities.  The  injection  into 
the  sulKirachnoid  space  surrounding  the  cord  is  made  through  the  space  between 
the  fourth  and  tifth  lumbar  vertebr4ne.  To  find  this  space,  dravv  a  line  connecting 
the  highest  points  of  the  crest  of  the  ilium  posteriorlv.  This  will  pass  through  the 
spine  of  the  fourth  lumbar  vertebra.  The  [)oint  for  injection  is  one  centimetre  below 
and  one  centimetre  to  the  outer  side  of  the  point  at  which  the  transverse  line  crosses 
the  vertebral  s[)ine  in  the  median  line. 


THE  THORAX. 


The  thorax  is  that  part  of  the  body-ca\ity  separated  by  the  diaphragm  from 
the  abdomen  below,  but  without  complete  separation  from  tht;  neck  above.  Its 
bonv  wall3  are  forraed  behind  by  the  thoracic  vertebr*,  at  the  sidcs  by  the  ribs,  and 
in  front  by  their  continuations,  the  costal  cartilag^es,  and  the  sternuni. 


The  ribs,  arranged  as  tu-elve  pairs.  are  flat  bars  of  bone,  curved  and  twisted, 
»hich  are  attached  behind  to  the  spine  and  continued  in  front  by  the  costal  cartilages  ; 
Uiey  form  the  greater  part  of  the  bony  walls  of  the  thorax.      The  tirst  seven  pairs. 
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cxceptionally  eight.  reach  thc  sternum  through  their  cartilagcs  ;  hence  they  are  called 
Sternal  ribs,'  as  di:^tinguishcd  Irom  the  remaininfr  five  pairs  of  astcrnal  ribs.'  Each 
cartila^e  of  the  iicxt  three  joins  that  of  the  rib  abovc  it.  The  last  two  pairs  have 
the  cartilages  ending  frce,  and  are  termed  floating  ribs,  Their  complicatcd  cunes 
are  best  underslood  by  sludying  thein  in  place.  Each  rib  (with  certain  exceptions 
to  be  detailcd  iatcr)  has  an  articular  surface,  the  head,  at  the  [Kisterior  end  ;  foUoMed 
by  a  narrowcr  neck,  succeeded  by  an  articular  facet  on  the  lubercle  which  rests  on 
the  transvcree  process  of  the  vertebra.  The  first  rib  has  an  up))er  and  a  lower 
surface,  an  outer  and  an  inner  border  ;  the  second  faces  in  a  direction  intemiediate 
to  this  and  the  following,  wliicti  havc  an  outer  and  an  inncT  suHace,  an  upper  and  a 
Iower  border.  They  are  placcd  obliquely,  the  front  end  being  loMcr  than  the  hind 
one.  The  outhne  of  the  ribs  is  irregular,  so  that  their  declination  is  not  duewholly 
to  their  position,  biit  in  part  also  to  their  shape.  Thus,  one  in  the  middle  of  the 
seriea  slants  a  little  downward  as  far  as  the  tubercle,  thcn  declines  more  sharply 
to  a  roughness  near  the  tubercle  known  as  the  angle,  and  thence  more  gradua]ly 
to  the  end.  The  main  curve  of  such  a  rib  is  backward,  outward.  and  downward 
as  far  as  the  angle,  which  marks  a  rather  sudden  change  of  direction,  the  course 
changing  to  one  fonvard,  slight1y  outward,  and  downward,  untii,  as  it  reaches  the 
front  of  the  chest,  it  runs  forward,  downwar(l,  and  inward.  The  external  surface 
is  vertical  at  the  back  and  side  and  slants  shghtly  iipward  in  front,  Bearing  the 
declination  of  the  rib  in  mind,  it  is  cvident  that  to  accomplish  this  the  rib  must  be 
twisted  on  itself,  otherwise  the  upper  edge  would  projcct  in  front. 


Artkukir  t>f  cu  loi 


Kight  fifth  rib  Irum  bchintl. 

The  head'  is  an  enlargomcnt  at  the  posterior  end  and  on  the  outer  surface, — ^c. , 
the  one  farthest  from  the  c;ivity  of  the  chest.  It  lias  an  articular  sur/ace  at  tlie 
end  tacing  inward  and  b;»ckward,  dividcd  intu  an  upfier  and  a  lon-er  facet,  each  for 
the-  botiy  of  a  \ertebra,  by  a  transversc  ridge,  whcnce  a  liganient  passes  to  the  inter- 
\ertebral  disk.  The  low'er  facet  is  the  largcr,  aiul  is  gencrally  concavu  ;  the  upper 
is  nearly  plane.      The  head  inrreascs  in  sizc  to  the  ninth  riband  then  lesscns. 

The  neck'  is  c<impres.se<l  fnini  l»efore  lKiekwar<l,  smooth  in  fri>nt  and  rough  for 
lignnicnts  behind.  The  iipiK-r  as|HTt  has  a  sharp  border,  the  trest,^  for  the  superior 
costo-transversc  ligamenl.  The  nt-ck  ^n>ws  slighdv  Innger  in  descending  the  series 
to  the  same  levoL  The  crest  <in  the  top  »it  the  neck  is  most  tieveloped  in  the  sixth, 
seventh.  and  eighth  ril>s. 

The  tubercle '  is  an  dcvalion  b.-youd  the  mck  cm  the  jiosterior  surface  of  the 
rib,  liearing  internallv  a  roiind  ariieular  snrface  facing  b;ukw;ird  and,  in  niosl  cases, 
diiwnwar<I,  to  n-st  nn  the  transvcrso  process  ;  lnvond  ihc-  articular  facet  is  a  rough 
knob  (.>r  thi-  i'.\ti-rnal  uulo-lransvt-rsf  lif^-animl . 

The  ahaft-  is  snm.ith  insidi-,  ihi'  surlacc  bi-ing  cimtinimus  »ilh  ihat  of  the  neck. 
T\\K  siidiosla/  f;r<hKr^  d.r  the  rnterrosl^il  vdn  isUsl  markeil  in  die  middle  ribs,  begin- 
ning  nt  the  IiiUtcU-  :in<l  nmniii^;  fi.rwHrd,  j-rnvvini,-  fainu-r,  alotig  three-quarters  of 
ihe  ril),  jiw  undi-r  ov.-r  of  the  loui-r  iMirdiT.     The  outer  siirfiico  is  ralht-r  irregular. 

The  angle"  al  «hi.h  tlu-  shaft  rhangcs  its  directiun  is  marki-d  l>y  a  rough  line 
i>n  the  pi^liriiir  siirfaiT,  si.nu-  di.sLmcc  iKvond  the  tiilK-rcU-,  receiving  »niscks  from 
the  svsii-ni  of  the  iTt-rtnr  .s|iin;e,      The  aiigk-,  which  is  nr.t  Icuind  in  the  tirst  rib.  is 
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very  near  (one  centimetre  beyondJ  the  tubercle  in  the  second  ;  it  gradually  recedes 
from  the  tubercle,  being  in  the  ninth  and  tenth  about  five  cenlimetres  distant.  The 
angle  is  a  httie  nearer  in  the  eleventh,  and  is  wanting  in  ihe  last.  The  lwtst  is 
greatest  from  the  sixth  to  the  ninih  rib.     Several  of  the  upper  ribs  present  near 


the  middie  a  rough  iinjircssion  fur  a  point  nf  the  serralus  niagnus.  The  iipper 
border  of  the  shaft  is  thirk  and  roundt«!  bohind,  biit  thin  near  the  front.  The  lower 
Ijorder  is  sharp  wh(.-re  it  . >\'crh;iiit:s  tlie  siibcoslal  groovc :  ti-ss  so  in  front.  The 
anterior  end  of  each  ril)  is  ciippeil  t"  receive  the  coslal  cariilage. 
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The  ribs  increase  in  length  from  the  first  to  the  scventh  or  eighth,  after  which 
they  dccrease  to  the  last,  which  is  usually  the  shortest.  The  length  of  the  last  rib 
is,  however,  very  uncenain,  varying  from  one  centimetre  to  perhaps  tiiteen  centime- 
tres  or  more.  It  often  is  longer  than  the  fint.  The  curve  is  comparativeiy 
regular  in  the  first  rib,  after  which  the  diRerencc  between  the  two  ends  becomcs 
moro  marked,  the  curve  being  very  pronoiinced  behind  and  Icss  so  in  front  The 
curve  is  much  less  throughouC  in  the  loucr  ribs ;  in  fact,  it  decreases  continually. 
The  first  rib  is  the  broadest  of  aH  at  the  anterior  end.  There  Is  a  general,  but  not 
regular,  increase  from  the  second  to  the  seventh  rib,  and  a  subsequem  decrease. 
The  fourth  rib  is  rciative!y  broad,  the  fifth  narrovv.' 

Exception8l  Ribs.— Ceruin  of  the  ribs — the  first,  second,  tenth,  eieventh, 
and  twclfth — present  peculiarities  which  claim  mention. 

Fig.  176. 


The  first  rib  is  fJat.  not  twisted.  wtth  an  outer  and  an  inner  border,  The 
head  is  small  and  has  but  one  facet.  resting  as  it  does  on  the  first  thoracic  vertebra. 
The  neck  is  small  and  Hat  like  the  bodv.  The  tubercle  is  very  promincnt.  The 
scaUne  tubercle  is  a  very  small  but,  from  its  rclations.  important  elevatton  on  the 
inner  margin  nf  the  upper  siirface,  at  about  ihe  middle,  for  the  insertion  of  the 
scalcnus  anticiis.  It  separates  two  groovcs  crossing  the  bone  for  the  subclavian 
arterv  and  vein.  The  postcrior  one  for  the  artery  is  the  more  marked.  There  is  a 
rough  impression  behind  the  lalter  near  the  outer  lwrilcr  for  the  scalenus  medius. 
There  is  no  siil>cfwtal  groovc. 

The  second  rib  is  intermediate  in  shape  bctwccn  the  first  and  the  rest.     The 
roughness  for  the  serratus  magnus  is  very  marked  about  the  middle  of  the  shaft. 
'  Anderson  ;  Journal  uf  Anaiomj*  ainl  Phvsiolof^',  vol.  xviii..  1884. 
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Tenth  rib. 


Sinjfle 
facet  on 
head 


Facel  on 

tubercic 


Elevcnth  rib. 


\ 


Sinjfle 
facet 


Twelflh  rib. 


The  tenth  rib  has  usually  only  a  single  articular  facet  on  the  head  ;  it  may  or 
may  not  have  a  facet  on  the  tubercle. 

The  eleventh  rib  has  a  single  articular  facet  on  the  head  ;  the  tubercle  is  rudi- 
mentarv  and  non-articular  ;  the  angle  and  the  subcostal  groove  are  slightly  marked. 

The  tv^elfth  rib  has  also  a  single  articular  facet  on  the  head  ;  the  tubercle  is  at 
most  a  faint  roughness  ;  the  angle  and  the  subcostal  groove  are  wanting. 

Development. — The  first  centre  for  the  shaft  appears  in  the  ninth  week  of 
fcetal  life,  and  spreads  so  rapidly  that  by  the  end  of  the  fourth  month  the  perma- 
nent  pro{>ortion  of  bone  has  been  formed.  At  an  uncertain  period,  probably  before 
puberty,  a  centre  appears  for  the  head  and  another,  except  in  the  last  two  or  three 
ribs,  for  the  tubercle  ;  these  unite  presumably  by  the  twentieth  year. 

Variations. — The  num- 
ber  of  ribs  is  often  increased  or  Fig.  177. 

diminbhed  by  one,  generally  by 
a  change  at  the  end  of  a  re- 
gion,  as  explained  in  varia- 
tions of  the  spine  (page  131). 
Cervical  ribs  occur  by  the  cos- 
tal  element  of  the  seventh  cer- 
vical becoming  free.  In  the 
lowest  and  most  common  grade 
it  consists  of  a  head,  a  neck,  a 
tubercle,  and  a  rudimentary 
shaft  one  or  two  centimetres 
long,  ending  free.  In  the  next 
grade  it  is  longer,  and  its  end, 
perha(>s  continued  in  cartilage, 
rests  on  the  first  rib.  Some- 
times  it  fuses  with  the  first  rib, 
which  then  becomes  bicipital, 
as  is  normal  in  certain  whales. 
In  the  third  grade,  which  is 
very  uncommon,  it  resembles  a 
small  first  rib,  reaching  the  ster- 
num.  A  cervical  rib  has  been 
seen  more  than  once  with  the 
transverse  foramen   persisting. 

The  explanation  of  this  condition  is  given  under  ossification  of  the  vertebrae.  When 
a  cervical  rib  reaches  the  stemum,  the  next  rib  is  usually  attached  to  the  side  of  the 
manubrium  by  a  broad  cartilage,  fusing  with  that  of  the  cervical  rib.  The  rib  of  the 
eighth  vertebra  has  been  seen  to  end  like  an  ordinary  second  rib.  It  is  also  very 
rare  to  have  only  twelve  pairs  of  ribs,  of  which  the  first  is  cervical.  There  may  be 
thirteen  ribs  by  the  addition  of  the  costal  element  of  the  first  lumbar.  This  may 
be  so  small  as  to  present  no  rib-like  feature,  or  it  may  resemble  an  ordinary  twelfth 
rib.  In  cases  of  an  extra  rib  from  this  source  the  twelfth  rib  is  usually  uncom- 
monly  long.  Very  rarely  the  first  true  thoracic  rib  is  imperfect,  being  continued 
in  ligament  to  the  sternum,  joining  the  shaft  of  the  second  rib,  or  even  ending  free. 
A  bicipital  rib  may  occur  also  by  the  fusion  of  the  first  thoracic  with  the  second  be- 
yond  the  tubercles.  The  resulting  plate  later  subdivides,  to  be  continued  by  two 
normal  costal  cartilages.  Ribs  sometimes  divide,  generally  near  the  front.  The 
parts  formed  by  such  cleavage  are  continued  by  costal  cartilages  which  usually  re- 
unite,  so  that  a  foramen  is  formed  which  is  bounded  laterally  or  externally  by  bone, 
mesiallv  by  cartilage.  This  occurs  most  commonly  in  the  third  and  fourth  ribs,  espe- 
c]ally  in  the  latter. 

THE   COSTAL   CARTILAGES. 

The  costal  cartilages  *  continue  the  ribs,  the  first  seven  goinj^f  directly  to  the  stčr- 
num,  the  next  three  each  to  the  one  alx>ve  it,  and  the  last  two  ending  free.  They 
grow  longer  from  the  first  to  the  seventh,  sometimes  to  the  eighth.     The  last  two 

'  Cartilaflnes  costalcs. 


Single 
facet 


Vertebral  ends  of  tenth,  eleventh,  and  twelfth  ribs  of  right  side  from 

below. 
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cartilages  are  short  and  pointed.  There  is  occasionally  a  projection  dovnn-ard 
from  the  fifth,  at  its  most  dependent  point,  which  articulates  with  the  sixth.  UsuaUy 
there  is  a  similar  projection  on  the  latter  for  the  seventh.     The  eighth,  ninth,  and 


tcnth  cartilaRcs  have  usiiallv  thi-ir  chiel  conncctinn  with  the  ono  abo\c.  not  through 
thoir  i-nds.  biit  throiif;h  similar  facets.  As  lo  dircction  :  tlic  first  cartilage  desccnds. 
the  aecimd  is  horizontal,  the  third  risos  very  slightly,  and  the  foiirih  is  the  first  to  fall 
and  then  rise,     This  change  of  direction  occurs  in  each  to  the  ninth  or  tenth  cartt- 
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Uge,  Ihe  falling  portion  becoming  always  relatively  shorter  and  the  rising  longer, 
The  last  two  cartilages  continue  the  line  of  their  ribs,  having  no  rising  portion.      It 
b  not  uncommon  to  find  eight  cartilages  joining  the  sternum.     Tredgold  found  this 
condition  in  ten  per  cent.  of  white  men.      It  is  very 
much   more  frequent  in  negroes  and  in  other  dark  Fic.  179- 

races.'    It  is  said  to  occur  more  often  on  the  right  side 
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Pirs 

The  adult  stemum  consists  of  three  flat  median      ran 
plates,  the  two  former  being  bone,  the  last  largely  car- 
tilage, — namely,   the  presUrnum  or  manubrium,  the 
mesoitemum,  gladiolui,  or  body,  and  the  melasUrnum 
or  ensiform  cartilage. 

The  raanubrium'  is  broad  in  mammals  having 
davicies,  to  which  it  gives  support  at  the  upper  angles. 
In  man  it  is  irregularly  quadrilateral,  wlth  the  angles 
cut  ofi,  broad  above.  narrower  below,  the  greatest 
breadth  equalling  or  exceedlng  the  length.  It  is  con- 
cave  behind,  but  in  front  it  is  convex  from  side  to  side 
and  slightly  concave  from  above  down.  The  upper 
border  is  concave  in  the  middle,  forming  the  bottom 
<A  the  interdavicular  noUh.''  On  each  side  of  this,  in 
the  piace  of  a  comer,  is  a  conca\ily  for  the  stcrnal  end 
of  the  clavicle.  This  depression  '  is  more  on  ihe  top 
than  on  the  side  of  the  sternum,  and  iisijally  encroaches 
more  on  the  back  of  the  bone.  It  is  concave  from 
within  outward  and  may,  or  may  not,  be  slighdy  con- 
cave from  before  backward.  The  facet  is  coated  with 
articular  cartilage.  Just  below  the  3<)iit,  the  side  of 
ihe  manubrium  projects  outward  to.meet  the  cartilage 
of  the  first  rib.  This  is  the  widest  part  of  the  liret 
piece;  the  border  then  slanting  inward  to  the  lower 
angle,  which  aiso  is  cut  off  by  a  notch  for  the  second 
costal  cartilage,  which  is  received  between  it  and  the 
body.  The  lower  border,  separated  from  the  ineso- 
nemum  by  fibro- cartilage,  projects  a  liltle  forward  into 
a  transverse  ridge,  always  to  be  felt  in  life,  which  in- 
dicates  the  level  of  the  second  costal  cartilage. 

The  oblong  body.  or  gladiolus,'^  ossifying  origi- 
nally  in  four  pieces,  one  abo\'e  another,  varies  con- 
siderably  in  shape.  It  is  generally  slightly  concave 
behind  and  nearly  plane  in  front,  but  it  mny  be  conveit 
or  even  concave.  The  greatest  breadth  is  below  the 
middle,  whence  the  borders  slani  inward  to  the  iower 
end,  the  narrowest  part,  where  it  joins  the  ensiform 
cartilage.  The  sides  of  the  t>ody  prescnt  alternately 
smooth  concavities  opposite  the  spaces  bet^veen  the 
costal  cartilages  and  articular  facets  for  the  latter.  To 
understand  the  position  of  these  articular  facets,  u'e 
must  recall  the  composition  of  the  mesosternum  as 
consisting  of  four  pieces.     The  second  cartilage  reaches 

the  junction  of  the  manubrium  and  the  bodv  ;  the  third,  Ri^hi  side  of  si*mum. 

that  of   the  first  and  second  pieces  of  the  bodv  :  the 

founh,  that  of  the  second  and  third  piecc-s ;  the  ttfth,  that  of  the  third  and  fourth 

jMeces.      The  two  remaining  slernal  ribs  send  their  cartilages  to  this  fourth  piece  of 

the  bodv  :  the  sixth  tu  the  side,  and   the  scvcnth  to  the  Unvcr  angle.  <fr  even  the 

'Journal  of  Anatomy  and  Physiolog}-,  vd.  xxxi.  1.S97,     Lamh  ;  Nature,  1SS.S. 
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lower  edge,  The  first  and  second  picces  of  thc  body  are  about  equal  in  lengtli ;  the 
ihird  is  shorter,  and  the  fourth  stili  more  so  ;  hence  the  fiflh,  si^th,  and  seventh 
cartilagca  end  ver)-  dose  logcthtT,  especiallv  the  tw(»  last. 

The  cnsiform  cartilagc,'  or  xiphoia  proccss,  more  or  less  bony  in  middie 
life,  is  a  flat  plate  with  a  rounded  end,  not  rarely  bilid.  It  is  fastcned  to  the  lower 
end  of  the  body  in  such  a  «ay  thal  their  posterior  siirfates  are  continuous,  but  ihat 
the  ensiform,  being  thinner,  is  overlapped  by  thc  ends  of  the  scventh  cartilages  ;  its 
front  is  therefore  al  a  deeper  level  than  that  of  the  body.  The  size  and  shape  of 
the  ensiform  cartilage  are  very  uncertain  ;  usuallv  the  tip  projects  soniewhat  forward. 

Differences  due  to  Scx. — The  body  of  the  male  sternum  is  both  absolutely 
and  relatively  longer  than  that  of  the  female.  This  is  in  accordance  with  the  greater 
development  of  the  male  thorax.  The  following  table  gives  the  actuat  size,  accord- 
ing  to  the  writer'  and  to  Strauch.' 


Manubrium 
Body    . 

Totul    . 


9^1 9 
14- "3 


5."49 
^.063 


Wom*n. 

5.056 
9.059 


Hyrti  gave  a  rule  for  determining  ihc  sex,  that  the  manubrium  of  the  female 
exceeds  half  the  length  of  the  body,  whilc  thc  lattcr  in  the  male  is  at  ieast  twice  as 
long  as  the  manubrium.     A  studv  of  343  stema,  of 
KiG.  i8u.  which  222  werc  male  and  120  female,  confirmed  Hyrtl'» 

law  for  the  mean  ;  since,  however,  approximately  forty 
per  cent.  of  the  cases  were  exceptions,  it  b  c]early 
worthiess  to  determine  the  sex  m  any  given  čase. 
Probably  the  law  would  be  correct  if  we  had  to  do 
only  with  well-formed  sterna,  but  the  body  varies 
greatlv.  It  is  easy  lo  recognize  a  typical  male  or 
female  sternum.  The  former  bas  a  long,  regular  body, 
the  iower  pieces  of  which  are  well  developed,  sepa- 
rating  the  Iower  cartilages  of  the  true  ribs.  The  latter 
has  a  shorter  and  relatively  broader  body,  the  lower 
parts  of  which  are  poorly  developed,  so  that  the  carti- 
lages are  near  togethcr,  and  the  scventh  ones  of  the  two 
sides  almost,  or  quite.  meet  beIow  the  body  in  front  <rf 
the  base  of  the  ensiform. 

Variations. — The  very  rare  cases  of  fissure  of 
the  sternum,  and  ihe  not  uncommon  ones  of  perfora- 
tion  in  the  median  line,  represenl  different  degrees  of 
arrest  of  de\'elopment.  The  lower  half  of  the  sternum 
nitn  is  Bometimes  imperfectly  de%'eloped.  We  have  de- 
scribed  a  čase  in  a  negress  in  which  there  was  but  little 
and  irreguiar  ossification  bclow  the  fourth  costal  carti- 
If^e.  A  very  rare  anomaly  is  that  of  the  manubrium 
being  prolonged  to  the  insertion  of  the  third  costal 
cartilages,  as  occurs  usually  in  the  gibbons  and  occa- 
sionallv  in  other  anthropoid  apes. 

The  sufirasUma/  bones,  very  rarely  seen  in  the 
^'pirf«ruiiron'U''™ir"i^an«!''"  adult,  are  a  pair  of  rounded  bones  compressed  later- 
ally,  about  the  size  of  peas.  placcd  on  the  top  of  the 
manubrium  at  thc  posterior  Imrdcr  just  inlernal  to  the  stcrno-clavicular  joint.  They 
are  presumablv  thc  tops  of  thc  lateral  cartilaginous  strips  forming  the  sternum,  in 
»hich  they  are  normaIly  lost.  They  are  regarded  as  reprcsenting  the  episiemuim 
of  li)wiT  vertebratcs. 

'  Juumal  of  Anatimiv  iiri.l  I'h>sioloK> ,  vi.l.  xxiv..  1X9,1.     '  [iiaujt.  )>issiT..  I  )orpat.  1881. 
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Development  and  Subsequent  Changes. — The  cartilaginous  bars  repre- 
senting  the  ribs  in  the  early  embryo  end  in  front  in  a  strip  connecting  them  from  the 
first  to  the  ninth,  which  approaches  its  fellow  above  and  recedes  from  it  below. 
The  union  of  these  two  strips,  which  bogins  above,  forms  the  future  sternum  as  far 
as  the  ensiform  cartilage.  Thus  at  this  early  stage  there  are  nine  sternal  ribs.  While 
the  mesosternum  is  forming  by  the  union  of  the  lower  part,  a  portion  of  the  ninth 
strip  separates  itself  from  tbe  rest  to  fuse  with  its  fellovv  for  the  ensiform  cartilage, 
and  the  remainder  of  the  ninth  joins  the  eighth,  \vhich,  as  a  rule,  itself  later  recedes 
from  the  sternum. 

The  original  cartilaginous  strips  having  fused,  points  of  ossification  first  appear 
in  the  manubrium  about  the  sixth  month  of  foetal  life.  There  is  one  chief  one  and 
a  var>-ing  number  of  small  ones  variously  disposed.  Sometimes  it  ossifies  in  a  larger 
upper  and  a  smaller  lower  piece.  In  the  latter  months,  before  birth,  several  points 
appear  in  the  mesosternum.  The  first  piece  generally  has  a  single  centre,  those  below 
t\%'o  in  pairs.  At  birth  one  usually.  finds  ossification  begun  in  the  first  three  pieces 
of  the  body.  The  centre  for  the  last  piece  of  the  body  begins  to  ossify  at  a  very 
variable  time.  We  have  seen  bone  in  it  at  thirteen  days  and  have  found  none  at 
seven  years.  Pcrhaps  three  vears  is  not  far  from  the  a.\'erage.  The  centre,  or  cen- 
tres,  for  this  last  piece  of  the  body  are  placed  in  its  upper  part.  Its  cartilage  fa 
directly  continuous  with  that  of  the 
ensiform,  the  line  of  demarcation 
being  determined  by  the  difference 
in  thickness,  the  ensiform  being 
thinner  and  continuing  the  plane  of 
the  jx)sterior  surface.  Thus,  the 
lower  p>art  of  the  last  piece  may 
continue  cartilaginous  for  a  con- 
siderable  time.  A  centre  in  the 
ensiform  is  sometimes  seen  at  three, 
but  may  not  come  for  several  years 
later.  The  four  pieces  of  the  meso- 
sternum join  one  another  from  be- 
low  upward,  the  union  being  com- 
pleted  on  the  posterior  surface  first. 
The  process  is  extremely  variable. 
The  only  points  regarding  which  we 
are  certain  are  that  it  is  more  rapid 
than  is  usually  stated  and  that  the 
body  is  almost  always  in  one  piece 
at  twenty.  The  fourth  piece  of  the  body  joins  the  third  at  about  eight,  the  third 
joins  the  second  at  about  fifteen,  and  the  second  unites  with  the  first  usually  at 
eighteen  or  nineteen.  We  once  saw  ali  four  pieces  distinct  at  eighteen,  but  in 
one  or  t\^'0  instances  onlv  have  we  found  the  body  incomplete  after  twenty.  The 
amount  of  bone  in  the  ensiform  at  twenty  is  stili  small.  The  adult  condition,  except 
that  the  ensiform  gradually  becomes  wholly  bone,  may  persist  to  extreme  old  age. 
The  ensiform  often  joins  the  body  after  middle  age,  rarelv  before  thirty.  The 
union  of  the  manubrium  and  the  body  is  rare,  and  appears  to  be  the  result  of  a  con- 
stitutional  tendency  rather  than  of  age,  as  in  our  observations  we  have  repeatedly 
found  it  under  fifty,  and  have  seen  ali  three  pieces  united  at  twenty-five.  The 
diflferent  pieces  are  more  apt  to  fuse  in  man  than  in  woman. 
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Ossification  of  the  stenium.  /1.  at  sixth  f(Hal  month  ;  o,  centre 
for  manubrium.  B,  at  birth  ;  a,  for  manubrium  ;  b,  c,  rf,  for  seg- 
ments  of  bodv.  C,  at  about  ten  years ;  a.  manubrium  ;  b,  c,  </,  seg- 
mcnts  of  body ;  r,  ensiform  cartilage. 


ARTICULATIONS   OF   THE   THORAX. 

The  joints  imiting  the  bones  taking  part  in  the  formation  of  the  bony  thorax 
constitute  two  general  groups,  the  Antcrior  and  the  Posterior  Thoracic  Ariicula- 
tions,  The  former  include  the  joints  betvveen  the  pieces  of  the  sternum.  those  be- 
tween  the  sternum  and  the  costal  cartilages,  and  those  bet\vcen  the  costal  cartilages  ; 
the  latter,  or  the  costo-vertebral  articulations,  include  those  bet\vecn  the  vertebrae 
and  the  ribs. 
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THE   ANTERIOR   THORACIC  ARTICULATIONS. 

These  includc  ihrt-c  sets  : 

I.  The  Interstemal  Joints,  or  ihosc  uniting  ihv  scgnients  tif  thc  sternutn  ; 


JiiCTim-tlBvieiitar  Joiiil 


2.  The  Costo-Sternal  Joints,  or  th<wc  imitiiin  the  ribs  l>y  means  o(  thetr 
cartilafrintiiis  extensions  with  tlii;  sternum  ; 

3.  The  Interchondral  Joints,  or  thosc  uniting  certain  of  i\k  costal  cartil^;es 
uith  one  anuthcr. 


INTERSTITIAL   ARTICULATIONS. 


THE   INTKKSTERNAL  JOINTS. 
Whi]e  the  manubrium  and  the  four  pieces  of  the  body,  or  slernebrie,  are  stili 
separate  ossifications  in  a  commoii  strip  of  cartilage,  the  stnicture  is  greatly  strength- 


ened  by  the  thick  periostciim,  reinforccd  by  the  radiating  bands  from  the  costal 
joints  and  longitudinal  fibres  before  and  bchind.  VVhcn  the  bodv  has  become  one 
fMcce  it  is  separated  from  the  manubrium  by  the  persisting  cartilaginous  strip.     The 
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strenji^thening  bands  require  no  further  description.  A  cavity  is  oftcn  found  in  the 
cartilage,  making  a  typical  half-joint.  At  what  tirne  it  appears  is  unknown.  Some- 
tinies  it  is  so  developed  that  the  joint  is  practically  a  true  one,  \vith  articular  carti- 
lage  ;  this  exceptional  arrangeinent  is  more  common  in  wonien  than  in  men,  being 
especially  adapted  to  the  female  type  of  respiration.  The  cartilage  persisting 
bet\veen  body  and  ensiform  is  strengthened  in  a  similar  manner.  A  cavity  rarely 
occurs  in  the  cartilage,  which,  on  the  contrary,  often  undergoes  ossiAcation. 

THE  COSTO-STERNAL  JOINTS. 

The  tirst  costal  cartilage  joins  directly,  without  interruption,  the  lateral  expan- 
sion  of  the  sternum  ;  the  following  costal- cartilages  articulate  at  the  points  already 
mentioned  by  synovial  Joints.  Thosc  that  come  l:)etwcen  different  sternebrae — that 
is,  from  the  second  to  the  fifth — often  have  the  joint  subdivided  by  a  band  into  an 
upper  and  a  lower  half.  This  is  usual  in  the  Joint  of  the  second  cartilage  ;  progres- 
sively  rare  as  we  descend.  The  sixth  and  seventh  cartilages  frequently  have  no 
true  joint/  Each  of  these  joints  is  enclosed  by  a  capsule,  the  front  and  back  fibres 
of  which  radiate  over  the  sternum. 

THE   INTERCHONDRAL  JOINTS. 

The  seventh,  eighth,  ninth,  and  tenth  costal  cartilages  have  each  an  articulation 
by  a  true  joint  on  the  projections  above  dcscribed  with  the  one  above  it.  There  is 
a  connection  between  the  fifth  and  sixth  cartilages  ;  usually  on  the  right,  very 
frequently  on  the  left.'  This  is,  as  a  rule,  also  a  true  joint,  but  the  cartilages  may 
be  merely  bound  together  by  bands  of  fibres.  The  joint  on  the  right  side  is  almost 
always  a  true  one.  The  ends  of  the  eighth,  ninth,  and  tenth  cartilages  are  joined 
by  fibrous  tissue  to  the  cartilage  above. 

The  costo-xiphoid  ligament  is  a  band  extending  from  either  side  of  the  base 
of  the  ensiform  to  the  lower  border  and,  perhaps,  the  front  of  the  seventh  cartilage 
near  its  end. 

THE  COSTO-VERTEBRAL   ARTICULATIONS. 

The  joints  between  the  ribs  and  the  spine  are  in  two  series  :  an  inner,  or 
CostO' Central,  between  the  heads  of  the  ribs  and  the  bodies  of  the  vertebrae  ;  an 
outer,  or  Costo-Transverse,  between  the  tubercles  and  the  transverse  processes, 

The  Costo-Central  Joints. — The  head  of  the  rib  is  received  in  a  hpllow 
articular  fossa  formed  by  a  part  of  two  bodies  and  the  disk  between  them.  Although 
as  a  whole  concave,  it  may  in  a  typical  čase  be  further  analyzed.  The  lower  half  of 
the  socket  is  convex  from  above  downward,  fitting  into  the  hollow  at  the  lower  part 
of  the  joint  of  the  rib  ;  the  upper  part  is  about  plane,  looking  downward  and  out- 
ward,  with  the  upper  border  considerably  overhanging  the  joint.  These  two  facets 
have  each  a  synovial  ca|)sule  and  are  separated  by  an  inierarticular  ligament,^  a 
band  running  from  the  ridge  on  the  head  of  the  rib  to  the  posterior  part  of  the  inter- 
vertebral  disk.  In  the  fcetus  bcfore  term  it  extends  across  the  back  of  the  disk  to 
the  head  of  the  opposite  rib. 

The  front  of  the  caj)sules  is  strengthened  by  the  anterior  cosio-irrtebral  liganient,^ 
which  is  a  series  of  radiating  fibres  from  the  head  to  both  vertebrae  and  the  inter\'en- 
ing  disk,  not  clearly  separable  into  three  bands.  These  steilaie  ligaments  (Fig.  184) 
are  least  developed  in  the  upper  part  of  the  thorax.  The  strongest  collection  of 
fibres  is  to  the  lower  vertebra.  The  joint  of  the  first  and  last  two  ribs  is  not  sub- 
divided :  that  of  the  tenth  is  uncertain.  Strong  fibres  pass  from  the  head  of  the 
first  rib  to  the  seventh  cervical  vertebra.  Fevv  or  no  fibres  from  the  last  rib  reach 
the  bodv  of  the  eleventh  thoracic.  The  lower  fibres  are  made  tense  when  the  rib  is 
raised  and  the  upper  \vhen  it  is  depressed. 

The    Costo-Transverse  Joints.     The   articular  surfaces   of   the   tul^ercles, 

'Musjrrove:  Journal  of  Anatomv  and   PhysioloK:y,   vol.    xxvii.,    1893.     *Fawcett:  AnaL 
Anzeiger,  Iki.  .\v.     Bardeleben  :  ibi(i. 

^Llg.  rapltnll  co«tae  Intcrartlcvlarc.    *  Lig.  rapitall  cotitac  radlaCum. 


COSTO-TRANSVERSE   ARTICULATIONS.  i6i 

vertically,  are  received  inio  the  holloivs  on  the  facets  of  the  transverse  pro- 
The  cavides  are  decpest  in  the  upper  part  of  the  thoracic  region,  but  the 
facet  on  the  first  transverse  process  is  nearly  plane.     In  the  lower  part  of  the  region 


these  cavities  are  smaller  and  less  conca\e  allo«  ng  freer  mo  on  There  is  none 
for  the  twelfth  rib,  and  but  a  poor  one,  if  an  fo  the  ele  enth  There  are  three 
toilo-traTUverse  ligaments :   the  posterior,   the  m  ddU   and  the  s  pfrtor      The  pos- 


teriffr^  are  strong  bands  running  outward  from  the  tips  of  the  transverse  proccsses 
to  the  rough  part  of  the  tubercle  bcyond  the  joint.  The  midd/e'  are  strong  short 
libres  connecting  the  front  of  tlie  transverse  process  and  the  fjack  of  ihe  neck  of  the 
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rib  bctween  the  head  and  tlio  tubercie.  Those  for  the  last  two  ribs  are  small,  that 
for  the  twelfth  spriiifting  from  the  accessory  tubercie,  The  supcrior  costo-transverse 
iigamciits '  are  thin  bands,  passing  downward  .ind  a  little  inward  from  the  under  side 
of  the  transveree  processes  to  the  cresi  on  the  upper  edge  of  the  neck  o(  the  rib 
below.  Those  of  the  first  and  last  two  ribs  are  of  Hllle  account.  This  band  becomcs 
tense  when  tlie  rib  is  depressed  and  carriod  inward  ;  the  inncr  Bbrcs  are  tense  uhen 
the  rib  is  raised.  The  outer  fibres  fuae  with  the  front  surface  of  the  poslerior  inter- 
costal  aponeurosis.  Weaker  and  inconstant  l)ands  of  the  same  general  dircction  are 
described  t>ehind  these.  The  fibres  of  the  aponeurosis  are  |>articu]arly  strong 
betwecn  the  tast  two  ribs.  A  special  band  of  the  same  series  runs  from  the 
transvcrse  process  of  the  first  lumbar  upward  and  outward  to  the  last  rib.  The 
movements  of  the  nbs  are  described  with  those  of  ihe  thorax  (page  165). 

THE  THORAX   AS   A   WHOLE. 
The   thorax  is  a  cage  with  movable  walls  capable  of  expansion.     In  shape  it  is 
an  irregular  truncated  cone,  much  deeper  behind  than  in  front  and  broader  from  side 
to  side  than  from   before   backward.     The  thoracic  vertebne  fomi  the  posterior 


Lnillnir  rilw  wi(h  iipine,  from  behlud. 


boundary  ;  the  stemum,  including  the  ven-  beginning  of  the  ensiform  cartilage,  the 
anterior.  The  iniet,  or  iipper  boundary,  is  an  imaginarj-  plane  slanting  downward 
and  fonvard  from  the  top  of  the  first  thoracic  vertebra  to  that  of  the  stemiim.  and 
bounded  laterally  by  the  inner  bordcrs  of  the  first  rib.  The  inferior  boundary,  made 
by  the  diaphragm.  does  not  e-xist  in  the  skeleton.  Suffice  it  to  sav  that  the  dome- 
like  disposition  of  the  diaphragm  makes  the  alxiomen  much  largcr  and  the  thorax 
much  smaller  than  one  would  espect  from  the  skeleton  alonc.  The  thorax  of  the  , 
living  presents  a  f;iirly  well-dcfined  posterior  surface,  nhilc  ihe  Intcral  ones  pass  in- 
sensibh-  into  the  anterior  ;  the  upper  part  is  hiddcn  by  the  shnulder-girdle  and  arm. 
The  line  of  the  anglcs  nf  the  ribs  marks  the  limits  of  ihe  back  and  sides.  The  inside 
of  the  lhorax  is  hearl-shaped  in  horizontal  scction.  The  spine  projci-ts  into  it  behind, 
and  the  nhs  reccdc  from  this  on  either  side.  As  the  bodies  of  the  vcrtebrie  are 
Inrger  in  the  Iower  part,  the  projcction  into  the  thorax  is  grcater  :  but  as  the  arca  of 
the  scction  is  much  larger,  the  cfTect  is  Icss  striking.     The  distance  from  front  to 
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back  in  thc  median  line  is  least  at  the  top.  It  increases  at  once,  owing  to  the  back- 
ward  bend  of  the  spine  and  the  forward  slant  of  the  sterniim,  reaching  the  maxi- 
mum  at  about  the  middle  of  the  thorax.  It  decreascs  slij;htly  below,  owing  to  the 
forvard  sweep  of  the  spine,  bul  the  position  of  the  luner  ond  of  thc  stcrnum  is  so 
uncertain  that  this  is  very  variable.  The  breadth  of  ihi;  thorax  increases  very 
rapidly.  reaching  nearly  the  maximum  where  the  third  rib  crosses  the  axi]lary  Une. 
Below  this  it  increases  a  little.  being  greatest  where  the  fifth  rib  crosses  the  same 


line.  It  then  continucs  verv  nearlv  the  same  with  some  slight  diminution  t>clow. 
The  greatest  length  of  thc  thoracic  framcwork  is  in  the  axillary  line.  the  lowest 
point  being  the  cartilagc  of  the  tenth  or  cleventh  rib,  which  in  the  male  may  nearly 
reach  the  crest  of  the  ilium.  The  downward  slant  of  the  rilis  and  the  rise  of  most  of 
the  cartilages  make  thi-  stiidv  of  horizontal  sections  at  first  verv  confiisinff.  The 
relations  at  certain  levcls  miist  be  someNvhat  convcntional,  for  thc  vanalions  are  very 
great,  depending  on  figure,  age,  health,  position.  and  ihe  stage  of  thc  respiratory 
movements.     Two  levcls  must  be  takcn  as  standards.  subject  to  these  c 
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The  top  of  the  stemum  is  on  a  leve!  with  the  disk  betwcen  the  second  and  third 
thoracic  vertebrae ;  the  junction  of  manubrium  and  body  of  sternum  is  on  a  levd 


Fig.  188. 


Fig.  189. 


f"^ 


o 


^ 


Transverse  scction  through  thorax  at  level  of 
third  thoracic  vertebra.     ( Hraune.) 
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Traiisverse  sectioii  at  level  of  fourth  thoracic 
vertebra.    \,Braune.) 


Fig.  190. 
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Transvenie  acction  at  level  of  eighth  thoracic  vertebra. 

{.Braune.) 


with  the  top  of  the  fifth  thoracic  vertebra.     Less  accurate,  but  stili  useful,  is  a  third 

level  :  the  lower  end  of  the  body  of  the  sternum  is  opposite  the  ninth  thoracic 

vertebra.  Accompanying  diagrams, 
taken  from  Braune,  show  the  varia- 
tions  of  sizc,  form,  and  relations  at 
different  levels  (Figs.  188  to  191). 

The  breadth  of  the  intercostal 
spaces  is  very  different  in  diverse 
parts.  Between  the  tubercles  and 
angles  it  is  pretty  nearly  the  same 
throughout,  but  the  lasttwo  spaces  are 
a  little  broader.  The  first  two  spaces 
are  much  the  broader  at  the  sides 
and  in  front.  They  are  broad  near 
the  sternum  as  far  down  as  the  fifth 
cartilage.  At  the  sides  the  ribs  are 
very  close  together,  from  the  fourth 
to  the  ninth  often  almost  in  contact 
The  lowest  spaces  are  again  broader. 
The  Thorax  in  Infancy  and  Childhood. — At  birth  the  thorax  is  relatively 

insignificant     The  sternum  is  small  and  undeveloped  in  the  lower  part.     The  ribe 

are  more  horizontal.     The  top  of 

the  sternum  is  opposite  the  body  Fig. 

of  the  first  thoracic  vertebra.     In 

the  course  of  the  first  ycar  it  lies 

opposite    th^    upper  part  of    the 

second,    and    at   five  or    six    hiis 

reached  its  definite  level  opposite 

the  disk  betwcen  the  second  and 

third  thoracic  vcrtcbrae.    The  lower 

part  of  the  sternum  is  undeveloped, 

and  the  ribs  do  not  fall  so  low  at 

the  sides.     The  want  of  breadth  is 

very  striking.  while  in  the  adult, 

throughout    the    chest    lx'low    the 

level  of  the  second  costal  cartilage, 

the  antero-posterior  diameter  is  to 

the  transverse  as   i   to  2j^,  or  as 

I   to  3  ;  .It  birth  it  is  as   2  to  3. 

We    have   found    it    at    probablv 

three  vears  as  i  to  2  ;  at  five  or  six  the  thorax  has  nearlv  reached  its  |>ennanent 

shapc. 

Differences  due  to  Sex. — The  whole  structure  is  lighter  in  women,  but  the 
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Transvrrv  scclloii  at  Icvcl  of  elcvfiilh  vertebra.    Shaded 
(h,  7)  are  sectioiis  of  costal  cartilaj^s.     {/fraunr.) 
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chief  differences  in  the  proportions  appear  below  the  third  rib.  The  manubrium  is 
as  large,  relatively  to  the  height,  in  one  sex  as  the  other,  although  the  mesosternum 
in  women,  especially  its  lower  part,  is  less  developed  ;  hence  the  ends  of  the  car- 
tilages  of  the  lower  sternal  ribs  are  crowded  together,  and  those  of  the  scventh  often 
meet  below  the  sternum,  in  front  of  the  ensiform,  thus  practically  lengthening  the 
body.  The  effect  of  this  b  that  the  relations  of  the  viscera  to  the  walls  are  not  so 
different  in  the  sexes  as  one  woiild  expect.*  The  floating  ribs  are  small  in  women 
and  do  not  approach  the  pelvis  so  closely  as  in  the  male.  The  antero-posterior 
diameter  of  the  female  chest  is  to  the  trans verse  as  i  to  2>^  (subject  to  variation), 
thus  more  resembling  the  proportions  of  the  child. 

THE  MOVEMENTS  OF  THE  THORAX. 

The  motions  permitted  by  the  following  joints  are  to  be  considered  separately, 
although  their  interdependence  is  to  be  remembered.  First,  the  joints  of  the  verte- 
bral  ends  of  the  ribs,  the  costo-central  and  the  costo- trans  verse  being  taken  together  ; 
second,  those  between  the  manubrium  and  gladiolus  ;  third,  the  costo-sternal  and 
mterchondral  joints  ;  fourth,  as  modifying  these,  flexion  and  extension  of  the  spine  ; 
and  fifth,  the  elasticity  of  the  ribs  and  cartilages. 

Motions  in  the  Costo-Vertebral  Joints. — These  vary  greatly  in  different 
parts  of  the  column.  The  first  rib  moves  as  a  hinge  on  a  fixed  axis  running  out- 
ward,  backward,  and  a  little  upward  through  the  joint  on  the  body  of  the  verte- 
bra  and  that  on  the  transverse  process.  If  this  axis  were  strictly  trans  verse,  the 
rising  of  the  front  of  the  rib  would  increase  only  the  antero-posterior  diameter  of  the 
thorax,  as  the  motion  occurs  in  a  plane  at  right  angles  to  the  axis.  Since,  however, 
the  axis  is  obHque,  a  plane  at  right  angles  to  it  extends  foruard  and  outward,  and 
motion  in  it  thus  increases  also  the  transverse  diameter  of  the  chest.  The  shape  of 
ihe  first  rib  is  such  that  this  transverse  increase  amounts  to  little  or  nothing,  but  this 
principle  comes  into  play  with  the  longer  ribs.  The  joint  of  the  second  rib  is  prac- 
tically  similar,  except  that  the  outer  end  of  the  axis  at  the  tubercle  is  farther  back, 
so  that  the  plane  of  motion  slants  more  outward  and  the  lateral  expansion  gained 
by  raising  the  second  rib  is  more  marked  independently  of  the  greater  length  of  that 
rib.  With  the  third  rib,  usually,  an  important  modification  begins  ;  the  outer  end 
of  the  axis  is  not  fixed,  for  the  tubercle  slides  on  the  transverse  process.  The 
changes  in  the  facets  on  the  transverse  processes  have  been  described  ;  it  appears 
that,  as  we  descend  the  spine,  thev  are  so  placed  and  so  shaped  as  to  allow  this 
movement  more  and  more  freely.  Thus,  in  the  middle  of  the  thoracic  region  the 
outer  end  of  the  axis  of  rotation  is  so  movable  that  the  motion  is  to  be  decomposed 
into  two, — namely,  one  on  the  axis  already  described  through  the  head  and  the 
tubercle,  and  another  on  an  antero-posterior  axis  passing  through  the  head  of  the 
rib  and  the  joint  between  its  costal  cartilage  and  the  sternum.  A  t  the  eighth  rib  of 
the  dissected  spine  a  new  motion  appears,  which  becomes  much  more  extensive 
in  the  succeeding  ones.  The  ligaments  connecting  the  tubercle  and  neck  to  the 
transverse  process  are  less  tense,  and  it  is  possible  to  move  the  tubercle  a  little 
fon;i'ard  from  its  socket  ;  in  the  lower  joints  the  rib  can  be  moved  upward,  dovvn- 
ward,  forward  and  backward,  and  circumducted.  These  motions  are  particu- 
larly  free  at  the  last  two  thoracic  vertebra*.  Motion  backward  is  checked  by 
contact  with  the  transverse  process  ;  fon^^ard,  by  the  posterior  and  middle  costo- 
transverse  ligaments  ;  upuard  motion  of  the  last  two  ribs  by  the  particularly  strong 
bands  of  fascial  origin  described  with  the  ligaments  ;  doWnward  motion  by  the  in- 
tercostal  structures.  An  important  deduction  from  this  is  that  the  last  ribs  can 
be  pulled  downward  and  backward,  so  as  to  fix  the  posterior  costal  origin  of  the 
diaphragm. 

Motions  in  the  Intersternal  Joints. — The  joint  between  the  manubrium 
and  the  bodv  of  the  sternum  admits  of  motion  on  a  transverse  axis,  which  is  free  in 
tlie  voung,  but  much  restricted  or  aholishecl  in  the  old.  At  rest,  the  t\vo  parts  form 
a  slight  angle  open  behind.     This  is  eflaccd  hy  the  forvvard  motion  of  the  body  on 

*  Henke  :  Arch.  fiir  Anat.  u.  Phys.,  Anat.  Abtheil,  1883. 
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the  manubrium,  but  in  no  čase  is  an  entering  anglc  formed  in  front.  A  slight  twisting 
may  also  occur  in  this  joint  in  the  young.  In  these  motions  the  second  costal 
cartilages  follow  the  manubrium.  The  motions  at  the  inconstant  joint  between  the 
sternal  body  and  the  ensiform  process  are  necessarily  indefinite  ;  they  appear  to 
consist  chiefly  of  a  drawing  in  of  the  ensiform. 

Motions  in  the  Costo-Sternal  and  the  Interchondral  Joints. — On  the 
dissected  preparation  the  second  cartilage  can  be  moved  up  and  dovvn,  forward  and 
backward,  and  circumducted  ;  these  motions,  hovvever,  are  very  slight.  In  the 
succeeding  joints  the  same  motions  are  more  and  more  free  as  we  descend.  The 
lower  cartilages  of  the  truc  ribs  from  the  fifth  to  the  seventh,  or  to  the  eighth,  inclu- 
sive,  should  the  latter  mect  the  sternum,  move  in  a  somevvhat  similar  manner,  but 
nearly  as  in  one  piece.  The  motion  on  an  antero-posterior  axis  is  most  free.  The 
joints  between  the  costal  cartilages  are  very  lax,  and  the  surfaces  are  so  placed  that 
the  lower  one  slides  forward  on  the  upper.  The  advantage  of  these  joints  is  that 
the  lower  ribs  and  the  thorax  give  and  receive  support,  while  greater  freedom  of 
motion  is  possible  than  would  be  the  čase  were  they  of  one  piece.  Fiexion  and 
extension  of  the  spine  modify  these  motions.  The  more  the  spine  is  flexed  the  more 
the  upper  ribs  in  particular  are  deprcssed,  and  the  more  it  is  extended  the  more  they 
are  raised,  indepen(lently  of  any  motion  in  the  joints.  Thus,  when  the  chest  is 
fully  inflated  the  spine  is  always  strongly  extended. 

The  elasticity  of  the  ribs  and  cartilages,  particularly  of  the  latter,  exercises  an 
im[x>rtant,  but  indefinite,  infiuence  on  ali  motions  vvhich  does  not  admit  of  accurate 
analysis.  Even  the  ril)s  (except  in  the  old)  are  not  rigid  bars,  and,  especia]]y  in 
forced  inspiration,  there  is  a  puli  upon  them  increasing  their  convexity.  Moreover, 
the  walls  of  the  chest  adapt  themselves  to  the  surface  of  the  lungs  and  to  abnorm^ 
contents  of  the  thorax,  so  that  certain  conditions  are  marked  by  particular  forms  of 
thorax. 

It  follows  from  the  above  that  the  nature  of  the  respiratory  movements  cannot 
be  deduced  solcly  from  the  movements  of  each  set  of  joints  considered  separately. 
The  soft  parts  connecting  them  alone  modify  greatly  the  freedom  of  motion.  Braune 
has  shown  that  the  motion  of  the  ril>s  is  much  limited  by  the  sternum,  and  that  if 
the  gladiolus  be  divided  into  its  original  pieces  and  the  cartilage  above  it  cut  through, 
the  thorax  can  be  more  fully  inflated.  Beyond  question  in  forced  inspiration  the 
sternum  is  raised,  thus  increasing  the  antero-posterior  diameter  ;  since  the  ribs  at 
the  same  time  swing  upward  and  outward,  the  transverse  diameter  is  likewise 
increased. 

Surface  Anatomy. — The  sternum  is  always  to  be  felt  in  the  middle  line. 
The  suprasternal  notch  is  fillcd  up  to  a  large  extent  by  the  interclavicular  ligament. 
The  angle  between  the  manubrium  and  the  body  varies  considerably,  but  it  is  always 
easily  recognized  by  a  cross-ridge.  The  ensiform  cartilage  is  at  a  deeper  level  and 
overhung  on  each  side  by  the  costal  arch.  The  front  of  the  chest  on  each  side  is 
covered  by  the  pectoralis  major,  making  it  hard  to  feel  the  ribs,  except  at  the  borders 
of  the  sternum.  At  the  side  they  are  easilv  felt  to  near  the  top  of  the  axil]a,  where 
the  third  can  be  recognized. 

The  upper  ril^  are  concealed  by  thick  muscles,  especially  between  the  spine 
and  the  angles.  The  scapula  covcrs  them  from  the  second  to  the  seventh,  with 
consitlerable  variations.  The  first  rib  cannot  be  felt  except  where  its  cartilage 
joins  the  sternum.  To  count  the  ril>s,  begin  \vith  the  second  at  the  junction  of  the 
manubrium  and  l)ody  of  the  sternum.  There  is  no  possibilitv  of  error,  for  the  rare 
cases  of  the  manubrium  naching  t(^  the  third  cartilage  may  be  disregarded  ;  feel  the 
third  and  foiirth  cartilages  belou*  it.  and  then  carr\'  the  finger  downward  and  out- 
ward  across  the  chest.  The  t\velfth  rib  niav  lx»  too  small  to  be  made  out.  It  is  not 
safe  to  begin  counting  from  hclo\v,  for  the  error  of  niistaking  the  eleventh  rib  for 
the  twelfth  has  led  to  ()i)ening  tlu-  pleural  cavitv  in  an  operation  in  the  lumbar 
region.  The  nijiple  is  said  to  be  usuallv  over  the  fourth  intercostal  space  some  two 
centimetres  external  to  the  cartilage,  but  it  is  verv  variable,  especially  in  women, 
and  should  never  be  used  as  a  starting-point  for  counting  the  ril>s.  The  width 
of  the  intercostal  spaces  at  diflerent  parts  is  of  ohvious  importance,  but  has  been 
<lescril)ed  elsewhere  (page  164). 
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The  bony  and  cartilaginous  thorax  is  made  up  of  the  ribs,  sternum,  costal  car- 
tilages,  and  thoracic  vertebrae,  and  varies  in  shape  as  a  result  of  several  influences. 
The  slightly  larger  circumference  of  the  right  side  of  the  chest  as  compared  with 
the  left  side  is  probably  due  to  the  greater  use  of  the  right  upper  Hmb,  and  may 
be  accepted  as  physiological.  Increased  circumference  of  the  left  side,  therefore  (in 
a  right- handed  person),  should  indicate  careful  examination  of  the  spine  (for  lateral 
curvature)  and  of  the  thoracic  viscera. 

In  pigean-breast  the  sternum  protrudes  together  with  the  costal  cartilages,  while 
the  line  of  the  costo-chondral  junction  becomes  a  deep  groove.  The  sides  of  the 
chest  are  flattened,  and  a  transverse  section  would  be  almost  triangular  in  shape. 
There  are  three  modes  of  production  of  this  very  common  deformity  : 

1.  In  rickety  children  it  is  favored  by  the  softening  of  the  bones  and  cartilages, 
which  are  thus  of  diminished  resiliency,  the  actual  exciting  cause  being  often  some 
form  of  respiratory  obstruction, — e.g.,  enlarged  pharyngeal  and  faucial  tonsils, 
bronchitis,  nasal  obstructions,  etc.  In  ordinary  breathing,  on  inspiration,  air  enters 
the  chest  freely  to  prevent  the  production  of  a  vacuuni,  and  at  the  end  of  the  act 
the  extemal  atmospheric  pressure  is  balanced  by  the  pressure  within.  If  an  impedi- 
ment  to  the  free  ingress  of  air  exists,  the  external  pressure  during  at  least  part  of 
the  act  is  in  excess,  and  in  young  children,  particularly  rickety  children,  this  is 
followed  by  the  bending  inward  along  the  weakest  part  of  the  thorax  (the  costo- 
chondral  line)  and  the  relative  projection  of  the  sternum. 

2.  The  lowest  five  costal  cartilages  form  an  especially  weak  portion  of  the  chest- 
wall.  They  are  the  most  distant  from  the  fulcrum  (the  spine)  on  which  the  ribs 
move  in  respiration,  and  hence  the  expansive  forces  act  with  the  greatest  disadvan- 
tage  of  leverage  (Humphry).  At  the  same  time  the  diaphragm,  during  its  contrac- 
tion,  tends  to  draw  them  inward.  If,  however,  its  central  arch  cannot  descend 
during  inspiration  on  account  of  an  engorged  liver,  enlarged  abdominal  lymphatics, 
persistent  flatulence,  etc.  (as  in  a  poorly  nourished  child),  it  becomes  the  fixed  point, 
and  the  lateral  walls  are  pulled  in  and  the  sternum  correspondingly  protruded. 

3.  Some  cases  of  *  *  pigeon-breast ' '  are  seen  at  or  soon  after  birth  in  otherwise 
healthy  children.  It  is  probable  that  these  are  cases  of  arrest  of  development.  The 
so-called  **  keeled  chest  *'  (in  which  the  antero-posterior  diameter  is  increased  at  the 
expense  of  the  transverse  diameter)  is  characteristic  of  the  quadrupedal  class  of 
mammals,  and  is  necessitated  by,  and  correlated  with,  the  backward  and  fonvard 
swing  of  the  anterior  limbs  in  walking.*  In  the  foetus  the  antero-posterior  diameter 
b  relatively  greater  than  in  the  adult. 

Attention  has  already  been  called  (page  164)  to  the  var>'ing  ratio  between  the 
antero-posterior  and  transverse  diameters  of  the  chest,  the  transverse  diameter  in 
the  adult  exceeding  the  anterior  in  the  proportion  of  2.5  to  i.  If  this  change  stops 
short  of  full  completion,  a  greater  or  less  degree  of  relative  prominence  of  the  ster- 
num results. 

The  **  bellows  chest  "*  is  found  among  mammals  almost  exclusively  in  the  bats, 
the  anthropK)id  apes,  and  man,  that  have  in  common  simply  the  disuse  of  the  anterior 
limbs  as  a  means  of  support.  In  them  the  chief  movements  of  these  limbs  tend  to 
puli  the  sternum  towards  the  vertebral  column.  The  exaggeration  of  this  type  results 
m  the  so-called  **flat  chest,"  which  is,  however,  within  proper  limits,  the  type  of 
vigor,  as  it  results  from  the  full  contraction  of  normal  muscles. 

Emphysema  produces  a  rotund  configuration  of  the  chest-walls,  affecting  chiefly 
the  upi>er  portion,  throwing  out  the  ribs,  eflacing  the  intercostal  spaces,  and  making 
the  thorax  **barrel-shaped.'* 

Old  age.  owing  to  an  increased  bowing  of  the  thoracic  spine  under  the  weight 
of  the  head  and  shoulders  and  to  a  slipping  forward  of  the  shoulder-girdle  with  its 
mass  of  muscles,  oftcn  causes  a  dcpression  of  the  sternum  and  its  approximation  to 
the  spine, — a  common  form  of  flat  chest. 

'  \Voods  Hutchinson  :  Journal  of  the  American  Medica!  Association,  vol.  xxix.,  1897. 
Mbid. 


i68  HUMAN   ANATOMV. 

The  pulmonary  capacity  is  but  roughly  indicated  by  the  circumference  of  the 
chest,  as  the  vertical  diameter  is  also  obviously  an  important  determining -factor. 
Chest  measurements,  to  be  of  value,  should  therefore  be  supplemented  by  investiga- 
tion  into  the  amount  of  air  which  can  be  inhaled  and  exhaled.  The  resulting 
information  is  often  of  great  value  as  a  basis  for  prognosis  and  for  advice  as  to  exer- 
cise  and  hygicne,  especially  in  persons  with  a  predisposition  to  pulmonary  disease. 

In  the  infant  the  thorax  is  rclatively  smaller  than  in  the  adult.  In  the  female 
the  upper  portion  of  the  thorax  is  less  compressed  froni  before  backward  and  is 
more  capacious  than  in  the  male.  The  upper  aperture  is  larger  and  the  range  of 
movement  between  the  upper  ribs  and  the  sternum  and  vertebrae  is  greater.  These 
circumstances  account  both  for  the  fulness  of  the  upper  portion  of  the  chest  in  the 
female  and  for  the  character  of  the  respiratory  movement,  which  is  known  as 
thorcLcic ;  while  that  of  the  male,  in  which  the  lower  ribs  and  abdominal  walls  move 
more  freely,  is  known  as  the  abdominal  typc  of  respiration. 

The  sternum  may  be  entirely  wanting,  or  may  be  divided  into  two  portions  by 
a  fissure  down  the  middle,  the  result  of  developmental  failure,  which,  when  it  exposes 
the  thoracic  cavity  and  the  heart,  is  known  as  ectopia  cordis, 

Its  subcutaneous  position  makes  it  the  subject  of  slight  but  frequent  traumatisms, 
which  often  serve  to  localize  the  bone  lesions  of  syphilis,  tuberculosis,  and  other 
infections  ;  and  this  fact,  in  conjunction  with  its  canccllous  structure,  accounts  for 
the  frequency  with  which  it  is  the  seat  of  gummatous  periostitis  and  tuberculous 
caries.  There  are  sometimes  little  circular  dcfects  in  the  body  of  the  sternum, 
through  which  an  al>scess  may  pass  from  the  mediastinum  outward,  or  infections  from 
without  may  find  their  way  within  the  thorax.  They  are  congenital  defects  due  to 
a  failure  of  the  two  halves  of  the  body  of  the  sternum  to  unite. 

The  se  ven  depressions  on  each  side  of  the  sternum  for  the  reception  of  the 
cartilages  of  the  scven  true  ribs  are  so  shaped  that  the  upper  and  anterior  edges  of 
each  notch  are  more  prominent  and  larger  than  the  lower  and  posterior  edges. 
This  accounts  for  the  rarity  of  luxation  forward  of  these  cartilages  and  their  ribs  by 
the  forces  which  so  constantly  puli  the  ribs  up\vard  and  forward,  as  the  action  of  the 
scaleni  and  intercostals  in  violent  inspiratory  efforts,  that  of  the  pectorals  in  swinging 
by  the  hands  or  on  parallel  bars,  etc. 

Backward  dislocation  at  the  chondro-sternal  junction  is  even  rarer ;  but  this  is 
because,  owing  to  the  elastic  curves  of  the  ribs,  the  sternum  and  the  anterior 
extremities  of  the  ribs  move  backward  together  on  the  application  of  direct  force  to 
the  front  of  the  chest. 

As  it  is  thus  movable,  and  is  supported  on  the  ends  of  elastic  levers  or  springs, 
the  sternum  is  rarely  fractured.  When  the  fracture  is  the  result  of  indirect  violence, 
it  is  often  Jissociated  with  injuries  to  the  sj)inc,  as  the  extreme  extension  or  extreme 
flexion,  which  is  the  common  cause  of  a  sternal  fracture,  must  necessarily  put  a 
severe  strain  on  the  thoracic  spine. 

In  extension  the  sternum  is  fixed  between  the  sterno-mastoids  and  stemo- 
hyoids  and  thvroids  above  and  the  recti  and  diaphragm  below.  In  flexion  the 
force  may  be  transmitted  through  the  chin.  In  either  čase  the  most  common  seat 
of  fracture  is  at  or  about  on  a  line  with  the  second  costal  cartilage,  because  (a)  the 
bone  there  is  narro\vest  (Fig.  173),  and  (^)  at  that  level  lies  the  junction  between 
the  manubrium  and  body.  As  the  various  portions  of  the  bone  are  not  united 
until  alx)Ut  twenty  years  of  age,  fracture  is  almost  unknown  before  that  tirne. 
Moreover,  during  that  period  the  symphysis  between  the  manubrium  and  the  body 
is  so  shaped  that,  together  with  the  natural  curve  foru-ard  of  the  bone,  it  increases 
the  elasticity  of  the  sternum  and  enables  it  to  resist  lx)th  direct  violence  and  tensile 
strain. 

The  projection  *  at  the  union  between  the  manubrium  and  body  (angulus 
Ludovici)  is  sometimes  exceptionally  prominent,  and  when  this  is  notictd  for  the 
first  tirne  after  an  accident  or  an  illness,  mav  give  rise  to  the  erront-ous  diagnosis  of 
fracture  or  of  iKjne  disease.  This  angle  is  increasud  in  phthisis,  ouing  to  the  reces- 
sion  of  the  manubrium  ;  it  is  incrcased  in  emphvscnia,  as  thi-  second  ribs  carry  for- 
ward  the  louer  border  of  the  manubrium. 

The  greater  thickness  and  strength  of   the  layer  of  fibrous  tissue  that  covers 

'  Aofvlua  »teral. 
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the  poslerior  surface  of  the  sternum,  as  compared  with  that  on  the  anterior  surface, 
account  for  the  rarity  with  which  effusions  of  blood  or  collections  of  puruient  fluid 
find  their  way  to  the  anterior  mediastinum. 

The  ribs,  in  addition  to  the  already  described  classification  in  to  stemal, 
astrmai,  and  floating,  are  sometimes  designated  as  upper  and  iawer.  It  may  be 
well  to  mention  that  the  term  "  upper"  includes  the  first  six  ribs,  which  have  convex 
lower  borders,  give  origin  to  the  pectoralis  major  (an  elevatorof  the  ribs),  and  move 
upward  in  inspiration  ;  while  the  term  **lower*'  applies  to  the  last  six  ribs,  which 
bave  concave  lower  borders,  give  origin  to  the  diaphragm  (a  depressor  of  the  ribs), 
and  move  downward  in  inspiration. 

The  obliquity  of  the  ribs  adds  greatly  to  their  range  of  movement  in  respiration. 

The  most  oblique  rib,  the  longest,  and  the  most  movable — the  seventh — is  a  part 

ol  the  wall  of  that  portion  of  the  thorax  that  contains  the  largest  amount  of  pulmo- 

nary  tissue.     The  most  iixed  and  most  nearly  horizontal  of  the  ribs  (and  the  shortest 

of  the  sternal  ribs) — the  first — is  a  part  of  the  wall  where  the  least  lung  tissue  is  to 

he  iound.     The  ribs  below  the  eighth  have  less  and  less  relation  to  the  lungs,  and 

hecome  both  shorter  and  more  horizontal.     They  have  increased  mobility  as  regards 

their  anterior  ends,  but  lessened  rotation  on  a  line  drawn  between  their  two  extrem- 

ities,  the  movement  most  important  in  respiration. 

These  facts  have  relation  to  the  distribution  of  acute  and  chronic  disease  in 
the  lungs  :  the  acute  affecting  particularly  the  area  of  greatest  movement  and  vas- 
cul2uity,  the  bases  ;  the  chronic,  the  area  of  lessened  mobility  and  expansion,  the 


The  involuntary  partial  immobilization  of  the  chest-wall  after  injury  and  in 
infl^ainniatory  affections  of  the  pleura  is  of  some  diagnostic  value,  as  is  also  the 
perraanent  restriction  of  its  movements  follovving  the  contraction  of  old  adhesions, 
as  aiter  a  pleurisy,  or  pleuro-pneumonia,  or  fibroid  phthisis. 

The  obliquity  of  the  ribs  serves  also  the  purpose  of  securing  the  necessary 
expansion  of  the  chest  with  the  least  possible  motion  in  the  joints  between  the  ribs 
and  the  spine  and  between  the  cartilages  and  the  sternum.  They  are  thus  but  little 
lial>le  to  strain,  and,  in  spite  of  their  unceasing  movement  during  life,  are  very  rarely 
the  seat  of  either  dislocation  or  disease. 

At  the  articulation  of  the  ribs  with  the  spine  the  provision  for  preventing  the 
asc^nt  of  the  ribs  during  the  action  of  the  inspiratorv  muscles  (similar  to  that  at  the 
costo-stemal  junction)  is  seen  in  the  fact  that  the  articulating  surface  of  the  upper 
vcrtebra  entering  into  the  joint  stands  out  more  boldly  than  that  of  the  lower  one. 
The  participation  of  the  intervertebral  disks  in  the  costo-vertebral  articulation  gives 
greater  safety  to  those  joints  and  adds  to  the  elasticity  of  the  whole  thorax  by 
^rriishing  a  resilient  buffer  which  takes  up  and  distributes  forces  directed  against 
the  chest-wall. 

Variation  in  the  development  of  the  costal  element  of  the  seventh  cer\'ical 
vcrtebra  (page  129)  may  result  in  the  production  of  a  cervical  rib.  This,  growing 
beyond  its  ordinary  limits,  sometimes  reaches  half-way  to  the  sternum,  running 
parallel  to  the  first  rib,  with  which  its  anterior  end  is  sometimes  joined.  Occasion- 
ally  a  process  grows  up  from  the  first  rib  to  meet  it.  This,  or  the  cervical  rib  itself, 
inay  raise  the  subclavian  arter>'  and  give  rise  to  a  mistaken  diagnosis  of  aneurism, 
or  inay  be  thought  to  indicate  chronic  (tuberculous  or  syphilitic)  infection  of  bone, 
and  lead  to  unnecessarv  operation  or  treatment. 

As  a  result  of  rickets,  changes  often  take  plače  at  the  chondro-costal  junctions, 
causing  beaded  ribs  when  a  few  bones  only  are  affected,  or  the  * '  rickety  rosary'  * 
when  the  enlargements  are  bilateral  and  numerous. 

The  ribs  most  frequently  broken  are  the  sixth,  seventh,  and  eighth  ;  the  first 
and  second  are  protected  by  the  clavicle  ;  the  lo\ver  t\vo  by  their  small  size  and  great 
mobility.  The  most  common  form  of  muscular  action  causing  fracture  is  coughing  ; 
sneezing  and  lifting  heavv  \veights  have  had  the  same  effect.  The  lo\ver  ribs  are 
most  frequently  broken  in  this  \vay.  When  the  first  rib  is  broken,  a  character- 
istic  svmptom  is  said  to  be  pain  behind  the  upper  part  of  the  sternum  on  lifting 
with  the  hand  on  the  injured  side.  This  mav  bc  due  to  the  fact  that  the  first 
thoracic  nerve  lies  for  about  two  inches  in  contact  with  the  under  surface  of  the  first 
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rib,  and  ends  at  or  near  the  region  mentioned,  pain  being  often  referred  to  thc 
peripheral  ends  of  sensory  nerves. 

In  fractures  by  indirect  violence  (when  the  sternum  and  spine  are  forced 
together),  thc  theoretical  point  of  fracture  would  be  at  or  about  the  summit  of  thc 
arch  ;  but  practically  it  is  often  found  very  ncar  the  point  at  which  the  force  is  apt 
to  be  received, — Le.,  an  inch  or  tvvo  outsidc  of  the  sternal  extremity. 

Unless  the  force  has  been  great,  there  is  but  litde  displacement  in  fracture  of  a 
rib,  owing  to  the  splinting  of  the  bone  betvveen  the  two  sets  of  intercostal  muscles 
above  and  below  it.  Shortening  is  absent,  unless  an  extensive  crush  of  the  whole 
side  of  the  chest  has  occurred,  because  the  two  ends  of  the  bone  are  fixed,  and 
because  of  the  unbroken  bones  above  and  below  the  fractured  one.  The  complica- 
tions  are  those  obviously  due  to  the  proximity  of  the  pleura  and  lung  on  the  inner 
surface  of  the  fracture,  the  common  results  of  vvounds  of  those  structures  being 
various  degrees  of  hiemothorax,  or  pneumothorax,  or  sometimes  (by  valvular  action) 
emphysema  of  the  cellular  tissue  of  the  trunk  (page  1865). 

Broken  ribs  always  unite  with  a  considerable  amount  of  ensheathing  or  pro- 
visional  callus,  due  to  the  motion  which  to  some  degree  must  be  present  between 
the  fragments  during  the  process  of  union. 

Rupture  of  an  intercostal  artery  (unless  associated  with  a  wound  of  the  pleura) 
is  not  usually  a  serious  complication  ;  but  occasionally  it  is  necessary  to  arrest 
hemorrhage  from  this  vessel.  It  lies  bet\veen  the  inner  and  outer  intercostal  muscles 
in  the  groove  running  along  the  lovver  part  of  the  inner  surface  of  each  rib.  The 
coUateral  branch  runs  near  the  upper  surface  of  the  ribs.  Midway  between  the  ribs 
is,  therefore,  the  safest  plače  to  introduce  a  trocar  or  to  make  an  incision  in  opening 
the  chest.  The  intercostal  spaces  are  wider  in  the  antero-lateral  parts  of  the  chest 
than  they  are  more  posteriorly,  especially  in  the  neighborhood  of  the  seventh  rib  ; 
they  are  narrowest  in  close  proximity  to  the  sternum  and  spine.  They  can  be 
widened  by  bending  the  body  to  the  opposite  side. 

For  paracentesis  of  the  thorax  the  centre  of  the  sixth  or  seventh  space  should  be 
selected  in  the  mid-axillary  line.  The  lower  spaces  are  in  too  close  proximity  to  the 
diaphragm,  especially  on  the  right  side.  More  anteriorly  it  is  also  in  danger  ;  farther 
posteriorly  the  intercostal  artery  (which  runs  more  horizontally  than  the  ribs) 
crosses  the  space  obliquely,  and  behind  the  angles  the  ribs  are  covered  by  the  thick 
muscles  of  the  back. 

The  ribs  are  frequently  subject  to  infectious  disease.  Syphilis  and  tubercu- 
losis  often  produce  periostitis  or  caries,  and  they  are  more  often  the  seat  of  post- 
typhoidal  osteitis  than  any  other  bones  of  the  skeleton.  This  is  due  to  their 
subcutaneous  position  exposing  them  to  frequent  traumatisms  and  to  the  similar 
effects  produced  by  the  numerous  strains  through  muscular  action  in  coughing  and 
sneezing  and  in  lifting  or  straining. 

Pus  is  very  apt  to  travel  along  the  loose  connective  tissue  between  the  two  planeš 
of  intercostal  muscles,  and  it  is  therefore  unusual  to  find  suppurative  disease  confined 
to  one  rib,  or  even  to  the  immediate  vicinity  of  its  point  of  origin. 

No  instance  of  traumatic  separation  of  the  epiphysis  of  either  the  head  or  the 
tuberosity  of  a  rib  has  been  recorded. 

The  internal  mammary  artery  runs  from  above  downward  beneath  the  cartilages 
about  half  an  inch  from  the  sternum. 

Landmarks. — The  oblique  elevations  formed  by  the  ribs  can  usually  be  scen 
exten(iing  do\vnward  from  the  axillary  region.  The  upper  ribs  are  covered  by  the 
great  pectoral,  but  beneath  its  lovver  border  the  ribs  from  the  sixth  to  the  tenth 
can  often  Ik'  scen.  The  lowcr  border  of  the  great  pectoral  follows  the  direction  of 
the  fiflh  costal  cartilage. 

The  cur\'ed  arch  of  the  costal  cartilages  is  frequently  plainly  visible,  and  is 
accentuated  during  forced  expiration  and  when  a  superincumbent  weight  is  held  up 
by  the  trunk  and  arms.  In  short  persons  thc  arch  is  commonly  flatter  than  in  tali 
ones. 

In  counting  the  ril>s  it  is  well  to  l>egin  with  the  second,  which  is  easily  identified 
by  its  rclation  to  the  ridge  between  the  manubrium  and  bodv  of  the  sternum. 

The  nipple  is  usually  over  the  fourth  intercostal  space,  somewhat  less  than  2.5 
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oentimetres  (one  inch)  external  to  the  costo-chondral  junction,  or  about  ten  centi- 
mctres  (four  inches)  from  the  middle  line.  Its  position  is  variable,  and  is  much 
lower  in  fat  persons,  especially  females.  In  emphysema  the  nipple  may  remain 
staUonary,  while  the  upper  ribs  ascend,  and  it  may  be  opposite  the  fifth,  sixth, 
seventh,  or  even  the  eighth  rib.  In  phthisis  with  a  shallow  depressed  chest  it  may 
bc  opposite  the  fourth  rib.  A  line  drawn  horizontally  from  the  nipple  around  the 
chest  is  on  a  level  with  the  sixth  intercostal  space  at  the  mid-axillary  line. 

A  horizontal  line  around  the  trunk  on  the  level  of  the  angle  of  the  scapula  (the 
arms  hanging  down)  would  traverse  the  sternum  between  the  fourth  and  fifth  ribs, 
the  fifth  rib  at  the  nipple  line,  and  the  ninth  rib  at  the  vertebral  column  (Treves). 

The  sternum  is  subcutaneous  in  the  groove  between  the  pectoral  muscles. 
Near  the  upper  third  the  ridge  between  the  manubrium  and  body  may  be  seen  or 
/dt-  It  is  on  a  level  with  the  second  costal  cartilage.  This  cartilage  projects  for- 
ward  more  than  the  others.  As  the  origins  of  the  pectoral  muscles  diverge  the 
stemal  groove  becomes  broader.  It  ends  at  the  lower  portion  of  the  body  of  the 
sternum  in  a  slight  projection  usually  seen  and  easily  felt.  This  marks  the  upper 
limit  of  the  *  *  infrasternal  depression*'  (epigastric  fossa,  scrobiculus  cordis),  the 
floor  of  which  is  over  the  ensiform  process,  and  which  is  bounded  laterally  by  the 
seventh  costal  cartilages  and  inferiorly  by  the  upper  ends  of  the  recti  muscles.  In 
many  abdominal  diseases,  and  sometimes  after  laparotomies,  the  obliteration  of  this 
depression  (by  the  occurrence  of  tympany)  is  an  important  clinical  symptom. 

When  the  arm  is  raised,  the  highest  visible  digitation  of  the  serratus  corre- 
spoTids  to  the  fifth  rib  ;  the  largest  is  that  attached  to  the  sixth  rib. 

During  expiration  the  upper  end  of  the  sternum  is  on  a  level  with  the  second 
doTsal  intervertebral  disk  ;  the  line  between  the  manubrium  and  body  is  on  a  level 
witb  the  fifth  thoracic  vertebra  ;  the  junction  of  the  sternal  body  and  the  ensiform 
process  is  opposite  the  lower  part  of  the  ninth  thoracic  vertebra. 

The  eleventh  and  twelfth  ribs  can  be  felt  as  blunt  bony  projections  directed 
downward  and  outward  just  outside  the  erector  spinae  muscles. 

(The  relations  of  the  various  thoracic  viscera  to  the  chest-wall  will  be  con- 
sidered  in  .connection  with  the  anatomy  of  the  former. ) 


THE  SKULL 

••  N  v,  ..vi  .  vsiMsts  oi  thc  cranium  and  the  face.     The  former  is  the  brain-case  ; 

,      .  ^      ^  .tiiciiv  v:v»iK*frnevi  in  formin^  the  jaws.     The  head  also  contains  the 

.^u.i.-*  .♦:  iour  special  senses.     That  of  hearinj^  is  entirely  inside  one  of  the 

\  .iv:s  ^hiic  ihc  organs  of  sijfht  and  of  smeli  lie  in  cavities  formed  partly  by 

,^    *.;v:  iMiilv  by  lacial  lK>nes.     The  special  organ  of  taste,  a  part  of  the  surface 

■v    .K-.Jšuv.  »'^  i"  the  mouth,  bounded  wholly  hy  facial  bones.     Thus,  while  the 

....  i  ,1.  iv^m-s  havc a  share  in  forming  the  face,  no  facial  lx)ne  has  any  part  in  forming 

,^^   *s.uii  ».\i>o.      rhe  latter  is  an  egg-shaped  cavity  which  communicates  by  a  large 

.%s'i»5'»<     iho  toranicn  magnum — with  the  spinal  canal,  through  which  the  spina!  cord 

vK^xxt*!*\K»\%n  trom  the  brain.     The  brain-case  has  many  smaller  openings  in  the  base, 

iSi\»u>:h  \vhioh  ner\-es  escape  both  to  the  face  and  to  a  large  part  of  the  body  and 

MvHKl-vi^ssels  pass  for  the  niitrition  of  the  brain  and  its  membranes  and  the  walls  of 

As  the  lx)nes  of  the  head  can  be  separated  in  a  young  subject,  it  is  customary 
lo  lii-scribe  every  bone  by  itself.  It  is  too  often  forgotten  that  this  knowledge  is 
mcrclv  a  means  to  an  end, — namelv,  the  understanding  of  the  skuU  as  a  whole.  In 
the  following  account  this  end  is  kept  constantly  in  view. 

THE  CRANIUM. 

The  cranial  cavity  is  formed  by  eight  bones  :  the  occipital^  the  spherund,  the 
two  temporais,  the  ethmoid,  l\iQ /rontai,  and  the  two  par ietais,  The  cranium  consists 
of  the  vault  and  the  base.  The  vault  is  formed  by  the  parietais,  the  greater  part  of 
the  fronta/,  and  a  part  of  the  sphenoid,  of  the  Umporals,  and  of  the  occipital. 

The  base  of  the  cranium  is  divided  in  to  three  fossie  extending  across  the  skuU. 
The  posterior  fossa  is  the  lowest  ;  it  opens  by  the  foramen  magnum  into  the  spinal 
canal,  and  contains  the  cerebellum,  the  medulla,  and  the  pons.  The  middie  one  b 
narrow  at  the  centre  and  expands  laterally  into  the  temporal  regions.  The  anterior 
is  the  highest,  lying  above  the  orbits  and  the  noše.  The  anterior  fossa  transmits  the 
olfactory  ner\'es,  the  middie  the  optic,  the  posterior  the  auditory  and  the  glosso- 
pharyngeal,  the  nerve  of  taste. 

THE   OCCI PITAL   BONE. 

The  occipital  bone*  is  divided  for  description  into  an  anterior  part,  the  Inisilar ; 
two  lateral  ones,  the  cojidylar :  and  a  posterior  one,  the  tabular  or  sguamaiis  portion* 
These  correspond  to  the  basi-occipital,  the  €xoccipital,  and  the  s upra -occipital  oi 
coin  parati  ve  anatomy.  They  ali  develop  from  sef>arate  centres  and  bound  the 
fofamen  ma^rnum,^  a  nearly  circular  opening,  transmitting  the  spinal  cord  with  its 
enveloping  membranes.  The  spinal  accessory  ner\'es  and  the  vertebral  arteries 
ascend  within  the  latter  from  the  cavitv  of  the  spine  to  that  of  the  cranium. 

The  basilar  portion  ^  l)ounding  the  foramen  maj»num  in  front  is  originally  rough 
anteriorlv,  hut  shortlv  after  fnibertv  it  coossifics  \vith  the  bodv  of  the  sphenoid.  Its 
supt-rior  surface  is  smooth  and  concave  and  supports  the  medulla  oblongata.  Just 
internal  to  the  etlges  is  a  ver)'  shallow  groove  for  the  inferior  |>etrosal  sinus.  The 
inferior  surfact*  is  smooth  for  about  one  centimetre  in  front  of  the  foramen  magnum, 
and  rough  in  front  of  this  for  the  rectus  capitis  anticus  major  and  minor.  In  the  mid- 
die line  at  the  junction  of  the  rough  and  smooth  surfaccs  is  \hc  phar^'7igeal  tubercU* 
Verv  rarelv  this  aspect  presents  a  depression,  \\\ii  pharynfreal  fossa.  S<.)metimes 
ihere  is  a  facet  near  the  edge  of  the  foramen  for  the  anterior  arch  of  the  atlas.  Also, 
ihere  mav  be  a  tubtTcle  on  the  j)osterior  j)art  of  the  basilar  portion  against  which  the 
odontoid  process  mav  rest.  called  the  third  condvlr.      Laterallv,  the  basilar  portion 

>  (»«  ordpltalc.     -  F«ranica  occipitalc  nagnam.     ^  Par«  bani  I  ari*.     ^Tabcrcalara  »harjagrani. 
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B  separated  by  a  suture.  the  peiro-occtpiial,  containing  cartilage,  Irom  the  petrous 
portion  o(  the  temf)Oral. 

Each  condylar  portion  '  {exoaipitai)  presents  on  the  inferior  suiiace  an  oval 
articular  swelling,  the  condyle,  which  rests  in  the  hollow  on  the  atlas,  They  are 
pUced  on  each  side  of  the  front  hali  of  the  foramen  magnum.  The  hind  ends  rcach 
almost  precisel)-  to  the  middle  of  the  aperture,  and  anteriorly  they  estend  to  the  line 
d  the  anterior  border,  their  long  axes  converging  in  front.  The  articular  surface, 
vvhich  is  convex  in  the  line  of  the  long  axis,  faces  downward  and  outward.  The  cuire 
it  presents  varies  greatly.  In  some  cases  it  is  nearly  regular,  in  others  the  front  and 
back  halves  almost  meet  at  an  angle.  There  is  iisually  a  constriction  of  the  articular 
suriace  at  the  middle,  where  it  raay  be  crossed  by  a  groove  or  a  ridge.  On  the  thick 
inner  border  of  each  condyle  is  a  iubercU  for  the  odontoid  liganient.  Behind  the 
«indyle  is  ^fossa,  into  which  usually  opens  the  inconstant  posterior  condyloid  /ora- 
men,'  transmitting  a  vein.  In  front  of  the  base  of  the  condyle  at  its  outer  border  is 
tJie  constant  anterior  condvhid  foramen^  the  termination  of  a  canal.  from  five  to  ten 
mtUimetres  long,  \vhich  pierces  the  bone  above  the  condyle  and  transmits  the  hypo- 

Fic.  191. 


'^l03sal  nerve  and,  usually,  a  branch  from  the  ascending  pharyngeal  artery  and  vein 
Ot  Veins.  It  is  sometimes  divided  into  t«o,  The  bone  projects  out»ard  from  the 
condyle  as  the  jugular proeess'  which  is  enlarged  at  its  outer  end  where  it  cobssifies 
«ith  the  petrous  portion  of  the  temporal.  This  enlargement,  moreover,  e.\tends 
dovoward  as  t\\e  paroccipilal process.  »hich  shows  its  greatesl  devclopmenl  in  odd- 
toed  ungulates.  In  man  it  is  usually  very  small,  but  it  may  be  large  and,  \cry  rdrely, 
join  the  atlas,  The  conca\e  front  of  the  jugular  proeess  and  the  bone  estending 
(onrard  on  its  inner  side  form  the  jugular  noich^  which  bounds  the  posUrier  laccr- 
tied /oramen*  behind  and  internally.  This  is  completed  by  the  temporal  bone.  A 
vcry  small  point,  the  anUrior  jugular  proeess,  marlcs  the  front  of  the  foramen.  A 
little  behind  this  a  larger  though  very  delicaie  spine,  the  iuirajugular  proeess. 
reaches  across,  marking  off  a  smal!  anterior  part  of  the  jugular  foramen  (or  the 
passaf  e  of  the  ninth,  tcnth,  and  cleventh  nerves  from  the  larger  one  behind  lor  the 
lateral  sinus.  Somedrnes  the  front  of  the  jugular  proeess  is  a  sniooth  surface 
bounded  below  by  a  ridge  to  which  is  attached  the  rectus  capitis  lateralis,  and  alK)ve 
by  a  short  border  marking  ofi  a  fossa  on  the  upjxrr  surface  nt  the  l)onc  ;  occasionally 
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the  exterHal  occipilal  crest,*  runs  from  the  protuberance  to  the  toramen  magnum. 
AtX3ve  the  middie  o^his  crest  the  itiferior  mned line'  leaves  it  to  extend  outward  and 
<J(>«»/nward  to  the  border  of  the  bone.  The  inner  part  of  this  line  is  rough,  the  outer 
indislincL     Below  this  line  there  is  usually  a  depression  on  either  side  of  the  crest. 

The  internal  surfacc  of  the  squamouB  portion  is  divided  intofoiir  depressions 
or  ^^iosm ;  the  upper  two  lodge  the  occipital  lobes  of  the  cerebnim  and  the  lower  two 
th^  lateral  lobes  of  the  cerebellum.  Below  ihe  middie  is  the  internal  occipital pro- 
lu^^rraiue.'  approximately  opposite  to  the  outer.  A  ridgc  runs  from  the  apex  of  the 
bon«  to  the  protuberance,  and  is  continued  as  the  intetnal  occipital  crest*  to  the 
fOE~:^men  magnum.  Very  often  the  second  part  of  this  ridge  divides  shortIy  after  its 
ori^in,  so  as  to  enclose  a  depression,  the  vermian  /ossa,  so  called  because  it  is  below 
th^  middie  lobe,  or  vermis,  of  the  cerebellum.  A  ridge  runs  transversely  from  the 
protuberance  to  the  lateral  angle  of  the  bone.  The  superior  vertical  ridge  may  be 
grodved  for  the  superior  longitudinal  sinus  and  ihe  transverse  ridge  for  the  lateral 
sira  LIS.  More  frequently  the  longitudinal  sinus  lies  to  one  side  of  the  vertical  ridge 
and  is  continued  imo  one  of  the  lateral  ones,  much  larger  than  its  fellow,  and  usually 
th^    right,   which  lies  above  the 

trasisverse  ridge,   and  shows  in  Fig.  194. 

th^   bone  no  communication  with  Fi..™Tmr  »»li^n  «..u... 

th^  smaller,  which  lies  in  or  above 
the  other  ridge.  There  are  many 
variations  in  this  arrangement,  o( 
wh»ich  the  rarest  is  a  symmetrical 
com^  and  division  of  the  supe- 
nor  groovc.  A  single  or  a  bifur- 
cated  groove  is  sometimes  found 
on  the  internal  crest. 

Development. — Four  cen- 
tres  appearin  the  cartilage  around 
the  foramen  magnum  about  the 
ag-hth  week  of  foetal  life  :  one  for 
th^  iasilar,  one  for  each  exoccipi- 
**'.  and  one  (or  more  probably 
*  F*^ir  that  speedily  fuse)  for  the 
loMr^r  part  of  the  squamous  por- 
"»»^ ,  the  supra-occipital.  A  week 
or  ao  later  two  nuciei  appear  in 
tb^  membrane  above  the  latter, 
In*rn  which  a  strip  of  bone  de- 
velops  tvhich  soon  joins  it.     From 

thts   upper  ossification,  the  supe-  Bui-occipiui 

ryo^  occipital,  is  developed  ali  the  Occipiimi  bone  « 

ttpper  part  of  the  squamous  por- 

0<*ri,  induding  the  e.xtern.il  occipital  protuberance  .in 
Occasionally  stili  anolher  nncleus  appears  on  each  side, 
preceding,  which  probablv  accounts  for  certain  separate  ossifications  often  found  in 
the  lambdoidal  suture.  The  squamous  part  shows  a  median  cleft  above,  which 
q«ickly  disappears,  two  lateral  ones  between  the  ossifications,  which  persist  till 
bitth.  and  a  notch  at  the  posterior  border  of  the  foramen  magnum.  The  squa- 
raous  portion  joins  the  exoccipitals  in  the  course  of  the  second  or  third  year.  The 
later  begin  to  unite  with  the  basilar  a  year  or  so  latcr.  None  of  these  sutures,  es- 
pedallv  the  latter.  is  completelv  closed  before  the  seventh  year.  or  even  later, 
The  front  parts  of  the  condvles  are  formed  from  the  basilar,  which  joins  the  ex- 
occipitals  at  the  anterior  condvloid  foramina.  Separate  ossiticaiions,  large  Wotmian 
ines,*  are  found  in  the  suture  between  the  squamous  portion  and  the  parietals, 
Sotnetimes  there  is  a  large  me<iian  triangular  one  which  is  interpreted  as  the  result 
dI  a  want  of  union  of  the  nsual  superior  centre  of  the  squamous  portion.  and  said  to 
»Consult  Stieda:  Anritumische  Hefte,  iv..  1893.  and  DebiOrre  :  Joum.  de  lAnat.  et  de  1a 
Phy5.,  1895. 
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bc  the  homolo«u<;  nf  ihe  interparičlai  bone.  This  interpreUtion  is  inconsistent  with 
tliL-  historv  of  ossification.  Kurkring  has  describcd  an  occasional  triangular  minute 
t.icce  of  bone  which  appc-ars  during  the  ftith  mocith  in  the  notch  at  the  back  of  the 
ioranien  maenum,  and  is  fuscd  before  birth.  \Ve  have  specimens  which  im|)ly  that 
it  is  or  niav  be,  originall>-  double.  Improved  methods  of  invesugation  witl  prob- 
ablv  show  that  this  bone  is  not  uncoinmon.  The  cercbral  side  of  the  basilur  is 
lused  with  the  sphenoid  by  seventeen  ;  the  lowcr  side  unites  later,  probably  beiore 
twenty. 

THE   TEMPORAL   BONE. 

The  plan  of  the  organ  ol  hcaring  must  be  known  to  understand  the  temporal 

bone.'     The  cxternal  ear.  besidcs  the  auricie.  consists  of  a  cartilagmous  and  bonv 

tube  the  exUma/audtlorvmfatus^\cač,ms.  to  the  membrane  of  the  tvmpanum  which 

doscs  it.     The  middle  Mr.  the  cavUv  of  thf  Ivmpanum.  is  a  space  intemal  to  the 

Fig.  195. 

saUAMOUS  PORTION 


membrane,  opening  throiigh  the  Eustackian  tube  into  the  throat,  and  communicatin^ 
l>ehind  wilh  cavities  in  tht-  bone.  It  is  lined  with  mucous  membrane  and  is  crossed 
by  a  chain  of  small  bones,  the  ear  ossicks,  the  enibryoIogical  importance  of  which  u 
e.\plained  elsewhere.  The  internal  ear  is  a  complicated  system  of  cavities  in  the 
siilstance  of  the  bone  containing  the  organ  of  hearing  connected  with  the  brain  hj 
the  aHilitory  nerve,  which  leaves  the  bone  throiigh  a  canal.  the  intemal  audilory 
meatus. 

Dcvelopmcnt  shnws  that  the  bone  consists  of  the  following  thrce  parts.  f  ll  The 
pefro-mastoid .  the  priroiis  pari  of  which  is  first  foiind  siirrounding  the  spedal 
api>aratiis  of  the  organ  of  hraring,  constitiiting  the  intemal  car,  whi1c  the  masfaid 
firarrss  is  a  miirh  lalcr  ontgroH-th.  (3)  The  tvmpanu  porlion.  which  ;it  birth  is  a 
ring,  incomplrtf  above,  enolos«  the  membrane  of  the  tvmpanum  as  a  frame  holds 
a  gl:ws.  This  ring  grows  out  later  into  a  cvlinder.  stili  open  abo\'e,  which  forms  the 
externa]   auditorv  ini-aliis.      Not  ali  its  groHth,   houcver,  is  outnard,  since  a  part 
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tupands  forward  and  deeper  than  ihe  original  ring,  making  the  (ront  part  of  the 
tympank  piale,  bounding  the  cavity  of  the  tympaiium  and  the  Eustachian  tube 
extfrnaJly.  The  tympanic  cavity,  or  the  iniddle  ear,  lies  betwecn  the  petro-mastoid 
and  the  tympanic  portion,  the  roof  and  floor  bcing  developed  from  the  former. 
(3)  The  squamous  portion  is  exteriial  and  abovc.  It  forms  a  part  of  the  side  of  the 
skull,  the  roof  of  the  cctcrnal  meatus  where  the  tynipanii;  portion  is  deficient,  the 
articulating  surface  for  the  jaw,  and  a  part  of  the  mastoid  process.  There  is  also  the 
bng,  %\^-nA^t  stvioid  process,  which  is  a  part  of  the  hyoid  bar  of  the  second  visceral 
arch  of  the  embryo.  It  liegins  as  an  ossification  of  a  distinct  piece  of  cartilage,  but 
joitis  the  petro-tnasloid.     The  following  description  is  that  of  the  adull  l>one. 

The  Squanious  Portion.' — ^Most  of  this  is  a  thin  vertical  layer  forming  part 
o(  the  wall  of  the  skull,  joined  be1ow  by  a  horizontal  one  which  forms  a  small  part  of 
the  base  of  the  skull,  the  articulating  surface  for  the  iaw,  and  the  roof  of  the  extemal 


auditor/  meatus.  The  edge  of  the  vertical  part  is  convex  except  below.  The  upper 
and  posterior  borders  n\erlap  the  parietal  bone  by  a  broad  bt;\elled  surface.  The 
anterior  border  joins  the  grcat  wing  of  ihe  sphenoid,  overlapping  above  and  over- 
bpped  below,  where  it  passes  into  the  horizontal  part.  The  posterior  angle  of  the 
vertical  portion  sends  downward  Ihe  postaudilory  process.  fron)  which  the  upper  part 
of  the  mastoid,  indiiding  some  of  the  mastoid  cells,  is  devetoped.  The  sguamo- 
masloid  sulure.  separating  this  from  the  mastoid  portion,  is  usua!ly  lost  in  the  second 
ycar.  When  it  persists,  it  shows  that  the  anterior  portion  of  the  mastoid  down  to 
the  tower  border  of  the  e.\tcrnal  meatus,  or  evcn  lower,  is  formcd  from  the  squamosal. 
!ts  surface  is  smoother  than  that  of  ihe  mastoid  proper.  A  small,  particularly 
smooth,  but  inconstant  patch  situatcd  on  the  level  of  the  upper  part  of  the  meatus, 
one  centimetre  or  more  behind  it,  marks  the  position  of  the  antriim.  The  thick- 
iKss  of  the  bone  ut  this  plače,  \vhich  is  that  of  note-papcr  in  the  tnfam  reaches 
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rib,  and  ends  at  or  near  the  region  mentioned,  pain  being  often  referred  to  the 
peripheral  ends  of  sensory  nervcs. 

In  fracturtfs  by  indircct  violence  (when  the  sternum  and  spine  are  forced 
together),  the  theoretical  point  of  fracture  would  be  at  or  aboiit  the  summit  of  the 
arch  ;  but  practically  it  is  often  found  very  near  the  point  at  which  the  force  is  apt 
to  be  received, — />. ,  an  inch  or  two  outside  of  the  sternal  extremity. 

Unless  ihe  force  has  been  great,  there  is  but  little  displacement  in  fracture  of  a 
rib,  owing  to  the  spHnting  of  the  bone  between  the  two  sets  of  intercostal  muscles 
above  and  below  it.  Shortening  is  absent,  unless  an  extensive  crush  of  the  whole 
side  of  the  chest  has  occurred,  because  the  two  ends  of  the  bone  are  fixed,  and 
because  of  the  unbroken  bones  above  and  below  the  fractured  one.  The  complica- 
tions  are  those  obviously  due  lo  the  proximity  of  the  pleura  and  lung  on  the  inner 
surface  of  the  fracture,  the  common  results  of  wounds  of  those  structures  being 
various  degrees  of  haimothorax,  or  pneumothorax,  or  sometimes  (by  valvular  action) 
emphysema  of  the  cellular  tissue  of  the  trunk  (page  1865). 

Broken  ribs  always  unite  with  a  considerable  amount  of  ensheathing  or  pro- 
visional  callus,  due  to  the  niotion  which  to  some  degree  must  be  present  between 
the  fragments  during  the  process  of  union. 

Rupture  of  an  intercostal  artery  ( unless  associated  with  a  wound  of  the  pleura) 
is  not  usually  a  serious  complication  ;  but  occasionally  it  is  necessary  to  arrest 
hemorrhage  from  this  vessel.  It  lies  bet\veen  the  inner  and  outer  intercostal  muscles 
in  the  groove  running  along  the  lower  part  of  the  inner  surface  of  each  rib.  The 
coUateral  branch  runs  near  the  upper  surface  of  the  ribs.  Midway  between  the  ribs 
is,  therefore,  the  safest  plače  to  introduce  a  trocar  or  to  make  an  incision  in  opening 
the  chest.  The  intercostal  spaces  are  wider  in  the  antero-lateral  parts  of  the  chest 
than  they  are  more  posteriorly,  especially  in  the  neighborhood  of  the  seventh  rib ; 
they  are  narrowest  in  close  proximity  to  the  sternum  and  spine.  They  can  be 
widened  by  bending  the  body  to  the  opposite  side. 

For  paracentesis  of  the  thorax  the  centre  of  the  sixth  or  seventh  space  should  be 
selected  in  the  mid-axillary  line.  The  lower  spaces  are  in  too  close  proximity  to  the 
diaphragm,  especially  on  the  right  side.  More  anteriorly  it  is  also  in  danger  ;  farther 
posteriorly  the  intercostal  artery  (\vhich  runs  more  horizontally  than  the  ribs) 
crosses  the  space  obliquely,  and  behind  the  angles  the  ribs  are  covered  by  the  thick 
muscles  of  the  back. 

The  ribs  are  frequently  subject  to  infectious  disease.  Syphilis  and  tubercu- 
losis  often  produce  periostitis  or  caries,  and  they  are  more  often  the  seat  of  post- 
typhoidal  osteitis  than  any  other  bones  of  the  skeleton.  This  is  due  to  their 
subcutancous  position  exposing  them  to  frequent  traumatisms  and  to  the  similar 
effects  produced  by  the  numerous  strains  through  muscular  action  in  coughing  and 
sneezing  and  in  lifting  or  straining. 

Pus  b  very  apt  to  travel  along  the  loose  connective  tissue  hetwecn  the  two  planeš 
of  intercostal  muscles,  and  it  is  therefore  unusual  to  lind  suppurative  disease  confined 
to  one  rib,  or  even  to  the  immediate  vicinity  of  its  point  of  origin. 

No  instance  of  traumatic  se[)aration  of  the  epiphysis  of  either  the  head  or  the 
tuberosity  of  a  rib  has  l>een  recorded. 

The  internal  mammary  artery  nms  from  above  downward  beneath  the  cartilages 
about  half  an  inch  from  the  sternum. 

Landmarks. — The  oblique  elevations  formed  by  the  ribs  can  usually  be  seen 
extending  do\vnward  from  the  axillary  region,  The  upper  ribs  are  covered  by  the 
great  pectoral.  but  beneath  its  louer  border  the  ribs  from  the  sixth  to  the  tenth 
can  often  be  seen.  The  lower  lx)rder  of  the  great  pectoral  follows  the  direction  of 
the  fifth  costal  cartilage. 

The  curved  arch  of  the  costal  cartilages  is  frequently  plainlv  visiblc,  and  is 
accentuated  during  forced  expiration  and  when  a  superincumbent  weight  is  held  up 
by  the  trunk  and  arms.  In  short  persons  the  arch  is  common  1  v  flatter  than  in  tali 
ones. 

In  counting  the  ribs  it  is  well  to  l>egin  with  the  second,  which  is  easily  idcntified 
by  its  relation  to  the  ridge  between  the  manubrium  and  bodv  of  the  sternum. 

The  nipple  is  usually  over  the  fourth  intercostal  space,  somewhat  less  than  2.5 
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centimetres  (one  inch)  external  to  the  costo-chondral  junction,  or  about  ten  centi- 

metres  (four  inches)  from  the  middle  line.     Its  position  is  variable,  and  is  much 

Jower  in  fat  persons,  especially  females.     In  emphysema  the  nipple  may  remain 

stationary,  while  the  upper  ribs  ascend,  and  it  may  be  opposite  the  fifth,   sixth, 

seventh,  or  even  the  eighth  rib.     In  phthisis  with  a  shallow  depressed  chest  it  may 

be  opposite  the  fourth  rib.     A  line  drawn  horizontally  from  the  nipple  around  the 

chest  is  on  a  level  with  the  sixth  intercostal  space  at  the  mid-axillary  line. 

A  horizontal  line  around  the  trunk  on  the  level  of  the  angle  of  the  scapula  (the 
arms  hanging  down)  would  traverse  the  sternum  between  the  fourth  and  fifth  ribs, 
the  fifth  rib  at  the  nipple  line,  and  the  ninth  rib  at  the  vertebral  column  (Treves). 

The  sternum  is  subcutaneous  in  the  groove  between  the  pectoral  muscles. 

Near  the  upj>er  third  the  ridge  between  the  manubrium  and  body  may  be  seen  or 

felt.      It  is  on  a  level  with  the  second  costal  cartilage.     This  cartilage  projects  for- 

ward  more  than  the  others.     As  the  origins  of  the  pectoral  muscles  diverge  the 

stemal  groove  becomes  broader.     It  ends  at  the  lower  portion  of  the  body  of  the 

sternum  in  a  slight  projection  usually  seen  and  easily  felt.     This  marks  the  upper 

limit  of  the  *  *  infrasternal  depression"    {epigastric  fossa^  scrobiculus  cordis)^  the 

floor  of  which  is  over  the  ensiform  process,  and  which  is  bounded  laterally  by  the 

seventh  costal  cartilages  and  inferiorly  by  the  upper  ends  of  the  recti  muscles.     In 

many  abdominal  diseases,  and  sometimes  after  laparotomies,  the  obliteration  of  this 

depression  (by  the  occurrence  of  tympany)  is  an  important  clinical  symptom. 

When  the  arm  is  raised,  the  highest  visible  digitation  of  the  serratus  corre- 
sponds  to  the  fifth  rib  ;  the  largest  is  that  attached  to  the  sixth  rib. 

During  expiration  the  upper  end  of  the  sternum  is  on  a  level  with  the  second 
dorsal  intervertebral  disk  ;  the  line  between  the  manubrium  and  body  is  on  a  level 
with  the  fifth  thoracic  vertebra  ;  the  junction  of  the  sternal  body  and  the  ensiform 
process  is  opposite  the  lower  part  of  the  ninth  thoracic  vertebra. 

The  eleventh  and  twelfth  ribs  can  be  felt  as  blunt  bony  projections  directed 
do'^»rnward  and  outward  just  outside  the  erector  spinse  muscles. 

(The  relations  of  the  various  thoracic  viscera  to  the  chest-wall  will  be  con- 
^'d^red  in  .connection  with  the  anatomy  of  the  former. ) 


THE  SKULL 

The  head  consists  of  the  cranium  and  the  face.  The  former  is  the  brainM 
the  latter  is  chiefly  concerned  in  forminj^  the  jaws.  The  head  also  contains  the 
terminal  organs  of  four  special  senscs.  That  of  hearing  is  entirely  inside  one  of  the 
cranial  bones,  while  the  organs  of  sight  and  of  smeli  lie  in  cavities  formed  partly  by 
cranial  and  partly  by  facial  b<jnes.  The  special  organ  of  taste,  a  part  of  the  surface 
of  the  tongue,  is  in  the  moiith,  bounded  wholly  by  facial  bones.  Thus,  while  the 
cranial  bones  ha  ve  a  share  in  form  ing  the  face,  no  facial  bone  has  any  part  in  forming 
the  brain-case.  The  latter  is  an  egg-shaped  cavity  which  communicates  by  a  large 
opening — the  foramen  magnum — with  the  spinal  canal,  through  which  the  spinal  cord 
passes  down  from  the  brain.  The  brain-case  has  many  smaller  openings  in  the  base, 
through  which  nerves  escape  both  to  the  face  and  to  a  large  part  of  the  body  and 
blood-vessels  pass  for  the  niitrition  of  the  brain  and  its  membranes  and  the  walls  of 
the  skull. 

As  the  bones  of  the  head  can  be  separated  in  a  young  subject,  it  is  customary 
to  describe  every  bone  by  itself.  It  is  too  often  forgottcn  that  this  knowledge  is 
merely  a  means  to  an  end, — namelv,  the  imderstanding  of  the  skull  as  a  whole.  In 
the  following  account  this  end  is  kept  constantly  in  view. 

THE  CRANIUM. 

The  cranial  cavity  is  formed  by  eight  bones  :  the  occipital^  the  sphenotd^  the 
two  temporals^  the  ethmoid,  ih^/roniai,  and  the  tv,'o  fiariefa/s.  The  cranium  consists 
of  the  vault  and  the  base.  The  vault  is  formed  by  the  parietals,  the  greater  part  ol 
th^/rontaJ,  and  a  part  of  the  sphenoid,  of  the  Umporals^  and  of  the  occipital. 

The  base  of  the  cranium  is  divided  into  three  fossae  extending  across  the  skull. 
The  posterior  fossa  is  the  lowest  ;  it  opens  by  the  foramen  magnum  into  the  spinal 
canal,  and  contains  the  cerehellum,  the  mcdulla,  and  the  pons.  The  middle  one  is 
narrow  at  the  centre  and  expands  laterally  into  the  temporal  regions.  The  anierior 
is  the  highest,  lying  above  the  orbits  and  the  noše.  The  anterior  fossa  transmits  the 
olfactory  nerves,  the  middle  the  optic,  the  posterior  the  auditory  and  the  glosso- 
pharyngeal,  the  nerve  of  taste. 

THE  OCCIPITAL   BONE. 

The  occipital  bone*  is  divided  for  description  into  an  anterior  part,  the  basilar ; 
t\v'0  lateral  ones,  iki^  condvlar :  and  a  posterior  one,  the  tabular  or  sguamous  portion* 
These  correspond  to  the  basi-occipital ,  the  €xoccipital,  and  the  supra -occipital  of 
comparative  anatomy.  They  ali  develop  from  separate  centrcs  and  bound  the 
fofamen  maprnum,^  a  nearlv  circular  opening,  transmitting  the  spinal  cord  with  its 
enveloping  membranes.  The  spinal  accessory  nerves  and  the  vertebral  arteries 
ascend  within  the  latter  from  the  cavitv  of  the  spine  to  that  of  the  cranium. 

The  basilar  portion  ^  Umnding  the  foramen  magnum  in  front  is  originally  rough 
anteriorlv,  hut  shortlv  after  pul>erty  it  coossifies  with  the  bodv  of  the  sphenoid.  Its 
suptTior  surface  is  smooth  and  concave  and  supports  the  mt^dulla  oblongata.  Just 
internal  to  tht*  edges  is  a  verv  shallow  groove  for  the  inferior  petrosal  sinus.  The 
inferior  surfart*  is  smooth  for  ahout  one  centimetre  in  front  of  the  foramen  magnum, 
and  rough  in  front  of  this  for  \\\ki  rectus  capitis  anticiis  major  and  minor.  In  the  mid- 
dle line  at  the  junction  of  the  rough  and  smooth  surfaces  is  \\\ii  pharyngeal  tubercU* 
Very  rarely  this  aspcct  presents  a  depression,  the  phar}'jtircal  fossa,  Sometinies 
there  is  a  facet  near  the  edge  of  tlu?  foramen  for  the  anterior  arch  of  the  atlas.  Also, 
there  mav  l>e  a  tubercle  on  the  posterior  part  of  the  basilar  portion  against  uhich  the 
odontoid  process  mav  rest,  called  tlie  third  condvle.      Laterallv,  the  basilar  |X)rtion 

^  (N  •cripitalc.     *  Foraoica  occipitalc  magnam.     -  PorttNMlIariii.     ^Tabcrcaluin  pharyngeaiB. 
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is  separaled  by  a  suture,  the  pelro-occipital,  containing  cartilage,  from  the  petrous 

portion  of  the  temporal. 

Each  COndylar  portion  '  {exoci.ipiial)  presents  on  the  inferior  siirfacc  an  oval 
articular  swelling,  the  condyle.  which  rests  in  the  hol]ow  on  the  atlas.  They  are 
pla<red  on  each  side  of  the  front  half  of  the  foramen  magnum.  The  hind  ends  reach 
almost  precisely  to  the  middle  of  the  aperture,  and  anteriorly  they  extend  to  the  line 
of  the  anterior  border,  their  long  axes  converging  in  front.  The  articular  surface, 
vtBicrhis  convex  in  the  line  of  the  long  axis,  faces  downward  and  outward.  The  cur\-e 
it  j>resents  varies  greatly.  In  some  cases  it  is  nearly  regular,  in  others  the  front  and 
bac=tc  halves  almost  meet  at  an  angle.  There  is  iisually  a  constriction  of  the  articular 
ittc-fface  at  the  middle,  where  it  may  l)e  crossed  by  a  groove  or  a  ridge.  On  the  thick 
inra^n'  border  of  each  condyle  is  a  tubercU  for  the  odontoid  ligaitient.  Behind  the 
conciyle  is  a./ossa,  into  which  usually  opens  the  inconstant  poslerior  condyloid /ora- 
««-*».'  transmitting  a  vein.  In  front  of  the  base  of  the  condyle  at  its  outer  border  is 
the  constant  anterior  condvloid  foramen^  the  termination  of  a  canal,  from  five  to  ten 
millimetres  long,  »hich  pierces  the  bone  above  the  condyle  and  transmits  the  hypo- 
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'jVossal  nerve  and,  U5ually,  a  branch  from  the  ascending  pharyngeal  artery  and  vein 
OT  veins.  It  is  sometimes  di\  ided  into  lwo.  The  bone  projects  outward  from  the 
coiidyle  as  the  juguiar  process.''  which  is  enlarged  at  its  outer  end  vvhere  it  cobssifies 
with  the  petrous  portion  of  the  temporal.  This  enlargenient,  moreover,  e.\tends 
(fDwnward  as  t\\c  paroccipilal process,  ivhich  shows  its  greatest  development  in  odd- 
loed  ungulates.  In  man  it  is  usually  ver)-  small,  but  it  nia)'  be  large  and,  \^Ty  rarely, 
join  the  adas.  The  concave  front  of  the  jugular  process  and  the  bone  e.xtending 
forward  on  its  inner  side  form  the  Jugular  noich^  »hich  bounds  the  posterior  lacer- 
aied /oramen*  f)ehind  and  internally.  This  is  completed  by  the  temporal  bone.  A 
very  small  point,  the  anterior  Jugular  process,  marks  the  front  of  the  foramen.  A 
litde  behind  this  a  larger  though  v»;ry  dehcate  spine,  the  ititrajugular  process. 
reaches  across,  marking  off  a  small  anterior  part  of  the  jugular  foramen  for  the 
passage  of  the  ninth,  lenth,  and  eleventh  ncrves  from  the  larger  one  behind  for  the 
lateraT  sinus.  Sometimes  the  front  of  the  jugular  process  is  a  smooth  surface 
bounded  below  by  a  ridge  to  which  is  attached  the  rectus  capitis  latenilis,  and  afK>ve 
by  a  short  Imrder  marking  off  a  fossa  on  the  upper  surface  ui  the  Imnc  ;  occasionally 
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the  lutter  ridge  is  wanting.  thc  groove  of  tlic  lutemt  sinus  curving  over  the  jugular 
process.  The  upptr  siirfiice  (if  thc  lutcral  portion  oi  tlic  j»roocss  shows  on  its  inner 
side  the  cnlrancc  of  the  anterior  condyltjid  Utnuntiti.  whioh  is  really  a  short  canal. 
AIkivc  and  anterior  to  this  is  a  slight  swelliiig,  the  jugular  lubercle.  The  upper 
siirEacc  of  the  jugular  process  is  niarked  by  the  terminalion  oi  the  groove  of  the 
laUrai  sinus,  which  curves  round  an  upward  projection  of  the  process.  In  some 
cases,  as  jiist  mentioned,  the  groove  is  deprcKied  into  a  decp  hollow.  The  tnner 
opuiiing  of  the  posterior  condyloid  foratnen,  when  presunt,  is  connected  with  the 
lateral  sinus. 

Thc  squamouB  portion  *  forms  the  lower  and  bnck  part  of  the  skull.  Below  it 
contributes  the  |xistcrior  boundury  of  the  foramen  magnum  and  juins  the  exoccipitals. 
The  lateral  borders  mcet  above  at  a  sharp  angle.  These  borders  may  t>e  subdivtdcd 
into  a  Imoer  pari.  which  juscends  nearly  vertically  in  articulation  with  the  mastoid 
part  of  the  temjioral,  and  into  a  higher  part,  vcry  serratcd  and  joining  the  parietal. 
A  slight  angle  lics  on  either  side  at  the  junction  of  tliese  tuo  divisions. 


Supcrlot  ocdpi 


■  J  P0**^''>0''  aurface  is  marked  hy  a  promint-nce.  somenhat  beIow  the 
middle,  the  ext,rnal  ofcipital  protuberatue ,-^  ti.  »hich  i.s  attachi-d  the  ligamentum 
nuch*.  This  tuberositv  \aries  greatly  in  de\elopnient.  Froin  it  the  superior  cur^-ed 
Ime  e.xlends  laterallv  to  the  al>o\e-menti<)nL-d  angle.  To  this  line  are  attached  a 
serics  of  muscies  which  form  the  contour  of  the  lwck  of  the  neck.  chiefly  the  traperius 
and  part  of  the  sterno-cleido-mastuid.  A  short  and  varjing  disiance  above  the  supe- 
rior ridge  IS  often  scen  thc  so-iallc<l  hig/iisl  cun-ed  liur.'  It  is  usually  \cry  hint, 
and  mav  curvc  down  to  the  cxternal  ocrijiital  protulK-rancc,  or  |>a.ss  alx>ve  it.  Thc 
cpicranial  aponciirosis  and  jiart  o(  the  nctipitalis  spring  froni  this  line.  The  surface 
of  thc  iKinc  abi.v,.  the  IcvcI  of  the  protuUrancc  is  siiK.otli  ;  belo«'  it  is  railier  rough 
and  irregiilar.  Thc  lorus  orripita/is  trans-.rrsus  is  an  <Hcasional  pro.ninence  m- 
vrJving  ihe  proiulKrancc  an<i  cstending  laterallv  along  the  superior  cur\cd  line. 
It  somctmics  uiv.lvirs  thc  s|wcc  lx-twecn  ihat  line  and  ihc  highest  one.  The  upper 
f«.rder  ..f  the  sw<llmg  mav  have  a  median  concaviiv.      In  the  mid-linc  a  slight  ridge, 
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the  externai  occipital  crest,^  runs  from  the  protuberance  to  the  toramen  magnum. 
Aboie  the  middle  o^lhis  cresC  the  infertor  ained line''  leaves  it  to  extend  outward  and 
doivnnrard  to  the  border  o!  the  bone.  The  inner  part  of  this  line  is  rough,  the  ouler 
indistinct.      BeIow  this  line  there  is  usually  a  depression  on  either  side  of  the  crest. 

The  internal  surface  of  ihe  squamous  portion  is  divided  into  four  depressions 
or/oji« ;  the  upper  two  lodge  the  occipital  lobes  of  the  ccrebmm  and  the  lower  two 
the  lateral  lobes  of  the  cerebellum.  Below  the  middle  is  ihe  interna/  oteipiial pro- 
Jnierance,'  appro.\imateIy  opposite  to  the  outer.  A  ridge  runs  from  the  apex  of  the 
"Sione  to  the  protuberance,  and  is  continued  as  the  interna/  occipiia/  cresl'  to  the 
ioramen  magnum,  Very  often  the  second  part  of  this  rtd^e  di\  idcs  shortIy  after  its 
<tr^n,  so  as  to  enclose  a  depression  the  termtan Jossa  bO  called  because  it  is  beIow 
The  middle  lobe,  or  vermis,  of  the  cerebellum  A  ndge  run  trans\ersely  from  the 
protuberance  to  the  lateral  angle  of  the  bone  The  superior  \ertical  ridge  may  be 
,£rooved  for  the  superior  longitudinal  sinus  and  the  transversc  ndge  for  the  lateral 
sinus.  More  frequently  the  longitudinal  sinus  bes  to  one  side  of  the  vertical  ridge 
and  is  continued  into  one  of  the  lateral  ones  much  larger  than  its  fellou  and  usually 
the  right,  which  lies  above  the 

transverse  ridge,  and  shows  m  I^io  i94 

the  bone  no  communication  with  <  ^       m«i  n  fi 

the  smaller,  which  lies  in  or  abo\  e 
the  other  ridge.  There  are  many 
•variations  in  this  arrangement  of 
-vhich  the  rarest  is  a  symnietncal 
couree  and  division  of  the  su]3e 
rior  groove.  A  single  or  a  bifiir 
cated  groove  is  sometimes  found 
«D  the  interna!  crest. 

Development, — Four  cen 
tres  appearin  the  cartDage  around 
the  foramen  magnum  about  the 
cighth  week  of  foetal  life:  one  for 
thr  basilar,  one  for  each  exoectpi 
ial,  and  one  (or  more  probably 
a  pair  that  speedily  fuse)  for  the 
Iower  part  of  the  squamous  por 
tion,  the  supra-occipilal.  A  we(.k 
or  so  later  two  nuclei  appear  in 
the  membrane  above  the  latter, 
from  which  a  strip  of  bone  de- 
velops  which  soon  joins  it.  From 
this  upper  ossilication,  the  supe- 
rior oecipilai,  is  developed  ali  the 
upper  part  of  the  squamous  por- 
tion.   including  the  external   occipital  prntiihcrar 

0cca3ionally  stili  another  nucleus  ap|>ears  on  each  side,  anterior  and  ext<.-rnal  to  the 
preccding,  which  probablv  accounts  for  certain  separate  ossifications  often  found  in 
the  lambdoidal  suture.  The  squamous  part  shows  a  median  cleft  above,  uhich 
quickly  disappear^.  two  lateral  ones  belween  the  ossifications,  which  persist  till 
birth,  and  a  notch  at  the  posterior  border  of  the  foramen  magnum.  The  squa- 
mous  portion  joins  the  e.xoccipitals  in  the  course  of  the  second  or  third  year.  The 
latter  begin  to  unite  with  the  basilar  a  year  or  so  later.  None  of  thcse  sutures,  es- 
peciallv  the  latter,  is  completciv  ciosed  before  the  seventh  year,  or  even  later. 
The  front  parts  of  the  condvles  are  formed  from  the  basilar,  which  joins  the  ex- 
occipitals  at  the  anterior  condvloid  foramina.  .Separate  ossifications,  largc  llbiinian 
boius*  are  found  in  the  suture  between  the  squainoiis  portion  and  the  parietals. 
Sometimes  there  is  a  largc  median  triangiilar  one  which  is  interpretcd  as  the  result 
of  a  want  of  union  of  the  usual  superior  centre  of  the  squamous  portion.  and  said  to 

*ConMill  Stieda  :  Anatomische  Hefte.  iv.,  1R92,  and  Debi^rre  :  Joum.  de  l'.\nat.  et  de  la 
Phy5..  1895. 
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bc  tlic  hotnologui:  »f  ihc  interbarietai  bone.  This  interpretation  is  inconsistent  with 
tiiL-  tiistorv  of  ossitication.  Kcrkring  has  describcd  an  occiisional  triangular  minute 
picce  ol  bone  uhich  appcars  during  the  tifth  iiioiith  in  the  notcli  at  the  back  of  the 
foramvn  magnuin,  and  is  fuscd  t)cforc  birth.  We  have  spccimens  which  iniply  that 
it  is,  or  may  bc,  orininallj-  double.  Improvcd  methods  o(  invtatigation  wiil  prob- 
ably  show  thal  this  bone  is  not  uncommon.  The  ccTcbral  side  of  the  basUar  is 
fuscd  with  the  sphenoid  by  sevcnteen  ;  the  lower  side  uiiites  later,  probably  before 
twenty. 

THE  TEMPORAL   BONE. 

The  plan  of  the  organ  of  hearinR  musl  be  known  to  understand  the  temporal 

bone.'     The  cxterna)  ear,  besides  the  auricie,  consists  of  a  cartilaginoiis  and  bonv 

tube.  the  e.iifrtia/ audilorv  m^a/us.'  Icadin«  lo  the  membrane  of  the  tvmpanum  which 

closes  it.     The  middic  ear.  tho  rarifr  of  ihr  tvmpanum.  is  a  space  intemal  to  the 

Fig.  195. 
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membrane  opening  tKrou^h  the  Eustachian  tube  into  the  throat,  and  communicating 
iJehind  with  cavilics  in  the  lxjne.  It  is  lined  with  mucous  nit-mbrane  and  is  crossed 
by  a  chain  of  small  bones,  the  ear  ossidcs,  the  embryological  importance  of  ivhich  is 
e.tplamed  e!3ewhere.  The  intemal  ear  is  a  complicated  sjstem  of  cavities  in  the 
substance  of  the  bone  conlaining  the  organ  of  hearing  connected  with  the  brain  br 
the  amiitory  nerve,  which  leaves  the  bone  throiigh  a  canal.  the  intemal  amOtatr 
meatus.  -^ 

Develnpmcnt  shous  that  the  bone  consists  of  the  following  three  parts  f  i )  The 
pftro.ma^loui  the  petrous  part  o(  which  is  first  fonnd  surrounding  the  spedal 
ap|«iratiis  of  the  oi^jan  of  hearing,  constitiiting  the  intemal  ear,  while  the  masto^ 
protess  IS  a  mnch  later  oiitffrowth.  fa^  Tlie  tvmhanic  porthn,  which  at  birth  is  a 
nng.  incomijlei.;  al>ove.  encloses  the  membrane  of  the  tvmpanum  as  a  frame  holds 
a  glass.  This  nng  grovs  out  later  inlo  a  cviinder.  stili  open  above,  which  forms  the 
CJtterrial   au<hlory  nu-atus.      Not  ali  ils  growtli.    however,  is  oiituard,  since  a  pan 
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eicpands  forward  and  deeper  than  the  original  ring,  making  the  front  part  ol  the 
fympanic  plaie,  bounding  the  cavity  of  the  tympanum  and  the  Eustachian  tube 
externally.  The  tympanic  cavity,  or  the  middie  ear,  lies  between  the  petro-mastoid 
and  the  tympanic  portion,  the  roof  and  lloor  being  devdoped  from  ihe  former. 
(3)  The  sguamcits  poriion  is  external  and  above.  It  iorms  a  part  of  the  side  of  the 
skull,  the  roof  of  the  external  meatus  where  the  lympanic  portion  is  dcficient,  the 
articulating  surface  for  the  ja«-,  and  a  part  of  the  mastoid  process.  There  is  also  the 
long,  s\endersty/i>id  process,  which  is  a  part  of  the  hyoid  bar  of  the  second  visceral 
arch  oi  the  embryo.  It  begins  as  an  ossification  of  a  distinct  piece  of  cartilage,  but 
joins  the  petro-mastoid.     The  following  description  is  that  of  the  adult  bone. 

The  Squamous  Portion." — Most  of  this  is  a  thin  vertical  layer  formlng  part 
d  the  wall  af  the  skull,  joined  beloiv  by  a  horizontal  one  which  forms  a  small  part  of 
the  base  of  the  skull.  the  articulating  surface  for  the  iaw,  and  the  roof  of  the  externai 


auditory  meatus.  The  edge  of  the  vertical  part  Is  convex  except  below.  The  upper 
and  posterior  borders  ov-erlap  the  parietal  bone  by  a  broad  bovellcd  surface.  The 
antenor  border  joins  the  grea!  wing  of  the  sphenoid,  overlapping  above  and  over- 
lapped  be]ow,  where  it  passes  into  the  horizontal  part.  The  posterior  angle  of  the 
vertical  portion  sends  downward  the  postaudilorv  process,  froni  which  the  upper  part 
of  the  mastoid,  including  some  of  the  ma.stoid  cells,  is  developed.  The  squamo- 
masloid  suture.  separating  this  from  the  mastoid  portion,  is  usual]y  lost  in  the  second 
year.  When  it  persists,  it  shows  that  the  anterior  portion  of  the  mastoid  down  to 
the  lower  border  ol  the  extcrnal  meatus.  or  evcn  lower,  is  lormed  from  the  squamosal. 
Its  surface  is  smoother  than  that  of  the  m;istoid  propcr.  A  small,  p3rticularly 
smooth,  but  inconstant  patch  situated  on  the  level  of  the  upper  part  of  the  meatus, 
one  centimetre  or  more  bohind  it,  marks  the  posilion  of  the  anirum.  The  thick- 
ness  ol  the  bone  at  this  plače,   which  is   that  of  note-|)aper  in  the  infant  reaches 
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six  millimctrcs  in  the  adult.  A  small,  sharp  promincnce,  the  sfiina  supramealum,  ii 
found  just  behind  the  upper  part  of  the  nitatus.  It  is  an  important  landmark  iii  the 
surgery  of  the  region,  Just  posterior  lo  it  is  usuaHy  a  minute  veiious  foramen, 
The  inner  sidc  of  thi;  squamous  ponioci.  bcsldus  the-  iargc  bovcUcd  articular  iiurface, 
prescnts  a  sniooth  one,  formin^  part  of  the  nall  and  Hoor  of  the  cranial  cavity.  This 
IS  se]>aratcd  froni  the  petrous  [jortioii  by  the  pitro-sifuamotis  suture,  which  is  closcd 
early.  Two  ^roovcs  for  branchcs  of  the  iniddle  nvniii^eal  artery  diverge  from  its 
fower  border.  one  running  upward  and  the  other  backward.  The  front  of  the  hori- 
zontal part  forming  the  floor  is  rough  and  thick,  jiining  llie  great  wing  of  the 
sphrnoid.  The  svi^omalir  proecss'  projects  torivard  from  ttie  outer  surface  of  the 
.squamosal  to  cnniplete  the  z_\\i^omalic  arch  \vitli  the  matar.  which  it  joins  by  a 
serrated  entl.  The  froe  jiart  has  an  external  and  an  internal  surface,  a  roimded  lior- 
der  t)e)ow  and  a  sharp  edge  above.  The  lattcr,  vvhich  recei\(.-s  the  insertion  of  the 
temporal  fascia,  can  be  follovvcd  back  to  the  origin  of  the  process,  Tlie  zygoma 
has  two  roots.     The  poslcrior  root  passes  directly  t>ack\vard  abovc  the  auditory 


WAaTOtO  POftTlOM 


meatus.  crosses  the  squamous  portion  above  the  postauditory  process,  and,  cumng' 
5lightly  upward,  is  lost  at  the  notch  betwcen  the  sqnamous  and  mastoid  portions. 
Its  hiiid  part  is  the  sufimmashiii  crcst.  \vhich  joins  the  infcrior  temporal  ridge  on 
the  parietal.  The  anterior  root  bends  sharplv  innard.  It  is  grooved  above  for  the 
passage  of  the  fibres  of  the  temporal  muscle.'  its  iower  surface  forma  a  semi-cvlin- 
drical  transversc  elcvation,  the  emiiieiilia  arlicularis.''  the  front  part  of  the  articular 
cavitv  uf  the  l.>wer  jnw.  Near  ils  onter  end  is  a  ItibircU  for  the  estcrnal  lateral 
ligament.  Just  in  friint  of  the  audimrv  meatus.  on  llie  undi-r  sitle  of  the  bone,  is 
the  smaller  poslglinoid  tuderrle.  soinetimt^  titstrilK-d  as  a  thinl  root.  The  frUtioid 
fossa"^  is  a  deep  hollon-  un  the  undcr  si<le  of  llie  sijuamous  portion,  with  its  greatcst 
diametcr  niarlj-  transverse.  but  [Kissing  sonicwhat  foruard  and  <nitward,  bounded 
exiernally  by  the  posterior  root  of  tlie  zvgorna  ;  t>ehind,  bv  the  /issHre  of  Glaser,* 
whicli  sepanites  it  from  the  tvnipanic  jKirtion  :  and  ext(-ndš  fonvart)  and  inward  tO 
mi-t-t  Ilie  innt-r  enil  of  the  imintntia  articiilaris.  Hoth  glinuld  fossa  and  articular 
eniinence  are  c(>verwl  with  cartilaj;c.      Thf  iH.ne  stparating  the  glenoid  fossa  from 
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the  interior  of  the  cranium  is  very  thin.     Bchind  the  glenoid  fossa  the  horizontal 
part  of  the  squamosal  forms  the  roof  of  the  e\ternal  auditory  meatus. 

The  Tympanic  Portion.' — The  tymp;inic  portion  of  the  tempora!  bone 
appears  as  a  trumpet-shaped  layer  of  bone,  forming  al)  but  the  roof  ol  the  external 
auditorv  meatus.  Its  edge  is  thin  in  Iroiit,  thick  be!ow,  and  very  thin  behind,  where 
it  curls  up  before  the  niastoid  to  meot  the  postauriculur  process  ol  the  squamosal. 
It  is  separated  Irom  the  mastold  by  the  minute  ty>iipa>io-masloid  fissurc.  The  ante- 
rior  part  ol  the  tvmpanic  portion,  called  the  tvmpanic  plale,  runs  obli(juely  forward, 
conccaling  the  petrosal.  It  is  separated  from  the  jjlenold  fossa  and  froni  the  thick 
anterior  edge  ot  the  »(uamosal  by  the  Jissure  of  Glaser,  which  opens  into  the  tyin- 
panic  cavitv.  The  outer  end  of  the  tissiire  is  closed  ;  the  inner  part  is  double,  since 
a  thin  piece  ol  the  petrous,  the  tegmen  tympam,  bends  down  between  the  squamous 
ind  tympanic  portions,  The  lower  edge  of  the  tvmpanic  piate  ends  free.  A  part 
co^ring  the  base  of  the  styIoid  process  is  the  vagina!  process.'  which  sometimes 
splits  to  enclose  it. 


PETHO-MASTOlD  PORTION 


The  Petro-Mastoid  Portion.'  -This  part  ol  the  temporal  bone  may  for 
convenience  of  description  be  subdivided  into  the  mastoid  and  the  pe/rotis.  The 
mastoid  subdivision  forms  a  part  of  the  wall  ol  the  skull  behind  the  tympanic. 
It  is  prolonged  downward  into  a  nipple-shaped  process,  the  outside  oi  which  is  rough 
and  slightlv  prominent.  On  its  loiver  surfacc,  under  cover  of  the  apex,  is  the 
digastric groove'  for  the  origin  <)f  the  posterior  beltv  of  the  digastric  mnscie.  Just 
internal  to  ihis,  at  the  verv  edge  of  the  bone,  is  the  much  smaller  occipital  groove 
for  the  occipitai  artery.  The  ridge  bet\veen  the  two  mav  be  developed  into  a  para- 
mastoid  process.  The  grcater  part  of  the  internal  surface  is  occupied  by  a  broad  and 
^{x^  groove.''  running  obliqnclv  do\vnwurd,  forward,  and  inward  for  the  lateral  sinus 
on  its  way  to  the  jugiilar  tnramen.  The  direction  of  this  groove  is  vcrv  unccrtain. 
Sometimes  it  descends  gra<hially  ;  at  others  it  tiirns  far  forward  and  descends  nearly 
vertically.  In  the  latter  čase  it  approaches  clnser  thnn  othenvise  to  the  oiiter  wail 
ol  the  skull.  but  the  distance  in  ali  cnses  is  ven,-  variable  (Kigs.  199,  200).  It 
mav  be  only  a  lew  millimetres.  As  it  descends  it  reaches  the  inner  side  of  the 
(J  and  the  mastoid  cells.      It  is  separated  froni  the  antrum  by  a  plate  some  six 
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mitlimetres  thick  in  early  childhood,  and  from  the  antrum  or  upper  mastoid  cells  hf 
a  very  thin  one  in  adult  iife.'  Behind  the  groove  a  small,  smoolh  surface  forms  a 
pait  of  the  cerebellar  fossa. 

KiG.  199. 


SlmlUr  MCtioiu  al  ■  rijthl  Icmponl 


A  smnll  canal,  the  mastoid  foramei\*  trannmitting  a  vcin.  nins  froin  the  sinus  tO 
the  oiitsidc  of  the  bone.  which  it  somttimes  reaches  as  far  l»ack  as  the  siiiurc  betu-e«n 
'CIarkc  :  Joumal  of  Anntomv  aii<l  I'hysioli>R>',  vol.  xxvii.  1893. 
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the  temporal  and  ihe  occipital.  The  interior  of  the  mastoid  process  contains  spaces, 
the  mastoid  cells^  to  be  descrJbed  later.  The  sizc  and  shape  of  the  mastoid  process 
are  very  variable.  The  rough  upper  border  of  the  mastoid  subdivision  forms  an 
entering  angle  with  the  squamosal,  into  urhich  tits  a  sliarp  point  from  the  lower  bor- 
der of  ihe  parietal,  which  rests  on 

it   above.       Behind  and  below  the  Fio.  301. 

mastoid  joins  the  occipital  bone.  «31^'..- 

The  petrous  subdivision  is  :; "  :-jH1'-:  . 

an  elongated  pyramid  rimning  for- 
ward   and    inward,    presenting  four  . 

surfaces  (besides  the  base  covered 
by  the  mastoid),  four  borders.  and 
an  apex.    Tlie  surfaces  are  the  supe-      ^™m 
nor,  posterior,  inferior,  and  anterior.      t™ciu 

The  superior  surface  slants        "»''s 
lorward  and  downward  In  the  floor 
of  the  middle  cerebral  fossa.     It  has 

the  following  features.      Above  the  -'O-  .,- 

apes  there  is  a  depression^  for  the  '  -^Zf'' 

Gasserian   ganglion.     Just   external  Boiiom  of  lighi  iniemal  aintiior>  meaius.    >:  5. 

lo  this  the  bone  is  excessively  ihin 

and  often  deficient,  so  as  to  leave  ihe  end  of  the  carotid  canal  uncovered.  Behind 
the  middle  of  the  pyramid  is  an  elevation,  nearlv  at  right  angles  to  its  long  axis, 
caused  by  the  superior  semlcircular  canal.  External  to  this  the  surface  is  made  of  a 
verj-  thin  plate  of  bone,  the  tegmen  l}-nifiani,  which,  extendinR  out«ard  from  the 
petrous,  forms  the  roof  of  the  tympanuni  and  of  its  continuation.  the  Eustachian 
tube.  Externally,  this  plate  bends  down  into  the  Glaserian  fissure,  so  that  its  edge 
inay  appear  between  the  squamosal  and  Iympanic  portions  (  Fig.  198 ).  At  the  inner 
border  of  the  tegmen  tympani  near 
Fig.  202.  its  froTit  is  a  groo\'e  leading  to  a  little 

r«ro-s(iuamoui  sutuie  '^*"*  '"  ^^"^  buiif,  tile  Ilialiis  Fallopii, ' 

through  which  passes  the  grcat  su- 
perlicial  pelrosal  nerve.  A  minute 
opening,  more  external,  transmits 
the  smaller  superficiaj  petrosal  nerve. 
nou5por-  jn  voutb  the  outer  side  of  the  teg- 
men is  bounded  by  the  petro-sgua- 

The  posterior  surface  forms 
a  part  of  the  posterior  cranial  fossa. 
The    chief    feature    is    the    in  tema  I 
audi(ory   mcalus,"    a    nearly   round 
™  canal  with  a  slight  groove  leadtn[> 

to  it  from  the  front.  Its  shorter 
'cJifa!'''  posterior  wall  is  about  five  milli- 
metres  long.  The  canal  is  closed  by 
a  plate  of  bone,  the  lamina  eribrosa 
(Fig.  201 ),  which  is  divided  by  the 
falciform  crest  into  a  smaller  fossa 
above  and  a  larger  one  Delow.  The 
•^  tiw'oii?«'*midilk^™n5^iin«'^'aiHl'^ihe'io^^^^  fofmer  has  an  opening  by  which  ihe 

'*«i'™«-  facial    nerve    enlers    its    canal,    the 

agiirdurt  of  Fallopius.  Branches  of 
the  auditory  nerve  pass  through  minute  openings  in  both  fossze.  About  one  centi- 
metre behind  the  meatus  is  a  little  cleft,  the  aguaduclus  vcslibnU,'  entering  the  bone 
obliquely  from  below.  Highcr  and  nearer  to  the  meatus  is  a  minute  depression,  the 
remnant  of  the  Jlaccu/ar  jhssa.'  «hich  is  large  in  some  atiimals  and  in  the  infanl.  It 
teccives  a  fold  of  the  dura. 

The  inferior  surface  of  the  petrous  presenls  in  front  a  large  rougli  surface  for 
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the  origin  of  thc  l(.'vator  palati  and  tensor  tynipani  muscles.  Kxtcrnal  tn  the  back 
of  this  is  the  round  orifice  oi  thc  carotid  ca»al' ;  back  of  this,  and  more  intumal,  is 
thc  J u/ru/ar  /ossa.  This  presents  twi>  extrenie  t>i)es.  eiHirt.-ly  tliffert-nt,  »ith  inter- 
mediate  fonns.  It  may  bc  a  lar^e  ihiniblo-shaped  hullow,  the  cdfte  of  which  bounds 
the  vcnou.s  pari  uf  thc  jujjular  (orumLii  intcrnally,  fomiinj;  a  large  restiAoir  (or  the 
blood  of  the  latcral  sinus  as  it  Icaves  the  skull.  On  the  uther  hand,  it  may  be  a 
small  flat  siirface.  A  iiiinuit;,  bul  very  constaiit.  Jeramen  in  the  rid^e  between  it  and 
the  carotid  canal  transinits  the  tynipanic  branch  o(  tlie  glos,so-pharynf;eal  ner\e.  A 
m\n\x\.c  /oramen,  usually  foiind  in  the  jugular  fos&i,  transmits  the  auricular  branch  of 
the  vajjus.  The  aguteductus  cochle<s  cnds  at  a  small  triangular  opening '  in  front  of  thc 
jugular  fossa,  close  to  the  inner  edge.  Behind  the  fossa  is  a  small  surfacc  uhere  the 
temporal  bone  is  united  to  the  ocdpital,  first  by  cartilage  and  then  by  bone.  The 
siylo-mastoid  foramen,  the  orilice  of  the  facial  canal  for  the  facial  ner\c,  is  near 
the  outer  edge  of  this  suriace.  The  stylo-niasloid  branch  of  the  poslerior  auricular 
artery  cntera  it. 


Fig.  soj. 


Zyguinatic  iuIkicIi 


The  anterior  surface  of  the  petrous  is  nearly  aH  hidden  t)y  the  tympanic 
|)lute.  It  fornis  the  inner  wall  of  the  cavily  of  llie  tympanum  and  i>f  the  bony  jiart  of 
ihe  Eustachiiui  lulx',  »hich  kaves  ihe  Ume  in  the  cnterinj;  anf,'lc  between  this  surface 
cif  the  petrous  and  the  tyiii[Ninic.  The  featiires  c.f  this  surface  are  Ireated  in  ihe 
aectiiHi  on  the  ear.  Thi/r<vc.>JK.f  (<W//((r»7y(>rw//,v.' altached  like  a  shelf  to  this  outer 
wall.  »livides  the  can.il  for  the  lensur  ivmihini  muscle  froiii  the  F.iisiaeliian  tube 
bclow  it.  The  front  of  this  plate  can  Ik?  seen  at  the  entcring  antie,  where  ihe  bony 
tube  cnds,  The  small  [Kirlion  of  the  outer  surface  of  the  petrous  which  is  visible 
is  in  front  of  ihis  point,  ;uul  resls  ag.iinst  ihc  inner  edjje  of  the  grcat  »ing  n(  the 
sphcnoid. 

The  superior  internal  border  of  the  petrous  is  a  prominent  ridgc  in  the  base 
o(  the  skuli,  separatini;  ihe  midille  and  the  |M)sterior  foss.e.  The  tenlorium  is 
attache«)  to  it.  The  supiTi<)r  petrosiil  sinus  runs  alonjj  it  in  a  shalhm- ^c"''"""'«"  »"ithin 
the  attached  liordcr  o(  ihe  tentorium.  Nrar  the  front  a  j;roove  by  which  the  fifth 
nerve  rea(h<-s  the  (iasserian  ij;aniilion  crosses  this  border. 

The  inferior  internal  border  artiiulates  ajiuriorlv  wiih  tlir  l'.L>ihir  jTucesa  of 


THE  TEMPORAL   BONE. 


183 


ihe  occipital  bone,  and  is  separated  posteriorly  from  the  occipital  by  the  jugular 
foramen.  A  litUe  spine  on  the  edge  of  the  thimblc-shaped  fossa,  or  on  the  plane 
SuHace  that  inay  take  its  plače,  the  intrajugular  process,  joins  the  correspondlng 
proccss  oi  the  occipital  elther  directlv  or  by  ligamcnt,  so  as  to  divide  the  ioramen 
into  two  parts,  the  posterior  for  the  vein,  the  anterior  for  ner\'es.  In  front  of  the 
foramen  a  small  groove  on  the  cerebral  edge  of  this  border  marks  the  position  of  the 
ioferior  petrosal  sinus. 

The  superior  and  the  inferior  external  borders  are  concealed  by  the  other 
dements  of  the  temporal,  except  near  the  front,  where  they  bound  the  suriace  which 
touches  the  sphenoid. 

The  apex  of  the  petrous  is  mo5tly  occupied  by  the  opening  of  the  carotid  canal. 

The  styloid  process  is  a  part  of  the  hyoid  bar  (from  the  second  branchial 
arch),  which  joins  the  temporal  under  cover  of  the  vaginal  process.  It  is  thiclc  at  its 
origin,  but  presently  becomes  thinner  and  ends  in  a  sharp  point.  It  is  iisiially  about 
an  inch  long,  but  varies  greatly.  It  runs  downward,  (onvard,  and  inuard,  and  is  con- 
dnued  as  the  stylo-hyoid  ligament  to  the  lesser  horn  of  the  hyoid.  Three  muscles, 
the  styIo-glossus,  3tylo-hyoid,  and  styIo-pharyngeus,  diverge  from  it  to  the  tongue, 
the  hyoid  bone,  and  the  pharynx.  An  ill-defined  process  of  the  cervical  fascia,  the 
styIo-niaxill3ry  ligament,  passes  from  it  to  the  back  of  the  ramus  of  the  lower  iaw. 


CAVITIES   AND   PASSAGES   WITHIN   THE  TEMPORAL   BONE. 

The  Cavity  of  the  Tympanum,'— The  tympanic  cavity  is  a  narrov  cleft 

about  five  millimetres  broad  at  the  top,  narrowing  to  a  mere  line  below.     It  measures 

about  fifteen  millimetres 

vrrtically  and  from  be-  VMi.  304. 

fore  backward.       It   is 

bounded    internally    by 

the  petrouS  ;    above  by 

a  projection  from  it,  the 

tegtneti  tympaMi ;  below 

by  the  jugular  fossa,  or, 

if  this  be  very  small.  by 

the  bone  external  to  it  ; 

extema]ly  by  the  tym- 

panic    portion    of     the 

bone  and  the  membrane, 
CKcept  at  the  top,  where 
the  squamosal  is  ex- 
ternal  to  it.  The  part 
above  the  ievel  of  the 
membrane  is  the  supra-  Ma 
^'mpanU  spare,  the  adic.  ' 
or  the  epitympaniim. 
"This   13  separated  from 

■fche    cninial    cavity    by   a  SjEmalKCIion  thinuKh  "Etn  ""nporal  Hom,  seenliomoulerside. 

"Verj-   thin   plate,    which 

ia  sometimes  imperfect.  In  front,  the  cavity  of  the  tympanum  narrows  to  the  Eusta- 
^hian  tube.  It  opens  behind  through  the  antrum,  uhich  serves  as  a  vestibule,  into 
■fche  mastoid  celiš.  The  antrum  is  a  cavity  of  irregular  size  and  shape,  compressed 
Somewhat  from  side  to  side,  with  an  an  t  ero- posterior  diameter  of  from  ten  to  fifteen 

vnitlimetres.  silunted  behind  the  epitympanum  in  the  back\vard  projection  of  the 
squamosal,  which  forms  the  superficial  part  of  \vhat  appears  to  be  the  mastoid.  and 

^ontains  some  of  the  so-called  masloid  eells.    The  communication  with  the  tvmpanum 

is  a  narTOw  one,  and  a  certain  number  of  cells  open  into  the  latter  independentlv. 

The  antrum  and  the  cells  nearcst  it  are  lined  with  mucous  membrane  continued 

from  the  middie  car.     The  inside  of  the  mastoid  varies  f;reatly.     Sometimes  it  con- 

'  Tlie  detailed  descri[itiun  of  this  space  is  givt 
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tains  large  pneumatic  cavities,  sometimcs  diploe  instead  of  air-cells,  and,  again,  it 
may  be  almost  solid  ;  the  latter  condition  is,  however,  probably  always  pathological. 
According  to  Zuckerkandrs^  investigations  of  250  tcmporal  bones,  the  mastoid  is 
entirely  pneumatic  in  36.8  per  cent.  and  wholly  diploetic  in  20  per  cent.  The  re- 
maining  43.2  per  cent.  wcre  mixed,  the  diploe  being  at  the  point  of  the  mastoid  and 
the  cells  above.  Neiiher  size  nor  shape  indicates  its  internal  structure.  The  relation 
of  the  cells  to  the  lateral  sinus  has  been  already  mentioned. 

The  Facial  Canal. — The  course  of  the  canal  *  for  the  facial  nerve  is  im{X)rtant. 
It  runs  outward  from  the  superior  fossa  of  the  internal  auditory  meatus  for  some 
three  millimetres,  until  joined  by  the  canal  from  the  hiatus  Fallopii.  It  then  makes 
a  sharp  turn  (the /f^fftu)  backward,  passing  internal  to  the  attic  of  the  tympanum  just 
below  the  external  semicircular  canal,  which  almost  always  projects  a  litde  farther 
outward.  It  then  curves  backward  to  descend  to  the  stylo-mastoid  foramen,  passing^ 
just  above  the  fenestra  ovalis.  The  descending  portion  is  rarely  strictly  vertical. 
Below  the  genu  the  facial  canal  may  make  a  bend  either  outward  or  inward,  but  its 
general  line  of  descent  usually  inclines  outward,  sometimes  very  strongly.  Rarely 
the  descent  is  tortuous.  The  lower  part  may  incline  forward.  The  genu  is  opposite 
a  point  on  the  surface  above  the  external  meatus,  and  the  subsequent  course  of  the 
canal  can  be  indicated  in  general  by  a  line  foUouing  the  posterior  border  of  the 
auditory  opening.  An  instrument  introduced  siraii^ht  into  the  front  of  the  mastoid 
will  pass  behind  the  facial  canal.'  The  diameter  of  the  latter  is  about  one  and  one- 
half  millimetres.  Just  before  its  lower  end  a  very  minute  canal,  transmitting  the 
chorda  tympani  nerve,  runs  upward  and  forward  from  it  to  the  cavity  of  the  tym|>a- 
num.  From  the  front  of  the  cavity  this  nerve  escapes  by  the  minute  canal  of  Huguier^ 
which  opens  near  the  inner  end  of  the  fissure  of  Glaser,  passing  between  the  tym- 
panic  plate  and  the  tegmen  tympani.  The  facial  canal  has  several  other  minute 
openings.  Thcre  are  also  minute  canals  for  /acobson' s  nerve  from  the  glosso- 
phar>'ngeal,  leading  to  the  tympanum,  and  for  Arnoid' s  branch  of  the  vagus,  which 
enters  the  jugular  fossa  and  leaves  by  the  fissure  bet\veen  the  mastoid  and  tympanic 
portions. 

The  carotid  canal  *  is  close  to  the  front  of  the  tvmpanum  and  just  before  the 
cochlea  of  the  internal  ear.  The  internal  auditory  meatus  is  almost  behind  the  canal. 
and  the  Eustachian  tuln?  lies  to  the  outer  side  of  its  horizontal  portion. 

The  temi)oral  bone  is  porous  in  structure,  exccpt  about  the  internal  ear,  where 
it  is  very  dense.  A  transverse  section,  either  vertical  or  horizontal,  through  the 
external  and  internal  meatus  (the  middle  and  internal  ears)  sho\vs  how  nearly  the 
entire  bone  is  pierced  ( Fig.  202 ).  The  carotid  canal  and  the  jugular  fossa,  when 
deep,  are  further  sources  of  weakness.  The  fossa  sometimes  opens  into  the  middle 
ear  by  a  small  rent. 

Articulations. — The  temporal  lx)ne  joins  the  occipital  by  the  petro-mastoid 
portion.  These  two  bones  form  the  entire  posterior  fossa  of  the  skull,  except  at  the 
extreme  front,  in  the  middle,  \vhere  it  extends  along  the  back  of  the  sphenoid, 
and  at  the  side,  where  a  small  portion  of  the  lateral  sinus  is  made  by  the  posterior 
inferior  angle  of  the  parietal.  This  latter  bone  articulates  \vith  the  squamous  and 
the  top  of  the  mastoid.  The  great  wing  of  the  sphenoid  fits  into  the  angle  bet\i'een 
the  squamous  and  petrous  portions,  articulating  at  the  side  of  the  skull  with  the  front 
of  the  foramen.  These  two  lx)nes — the  sphenoid  and  the  temporal — form  the  entire 
middle  fossa.  The  malar  l)one  joins  the  zygoma,  completing  the  arch.  The  lower 
jaw  articulates  with  the  glenoid  foss;i  by  a  true  joint. 

Development. — The  sqnamous  portion  is  ossified  in  membrane  from  one 
centre,  appearing  near  the  end  of  the  second  month  of  foetal  life.  In  the  course  of 
the  third  month  a  centre  appears  in  the  lower  part  of  the  future  tvmpanic  ring. 
The  ossification  of  the  petro-mastoid  portion  comes  from  several  nuclei,  the  number 
of  which  probably  varies.  The  process  begins  towards  the  end  of  the  fifth  month 
alK)ut  the  membranous  labyrinth.  The  opisthotic  nucleus  lies  at  the  inner  side  of 
the  tympanic  cavilv  and  spreads  to  the  lower  part  of  the  bone.  Tin:  prootic  is  near 
the   superior   semicircular   canal.     The    epiotir,    arising   near   the   {K>sterior   canal» 

*  .Monatsschrift  fiir  Ohrenheilkunde.  lUl.  xiii,  1879. 

'  Jo>'ce  :  Joiimnl  of  Anatomy  and  Physiolog>',  vol.  xxxiv.,  1900. 

'CsMlbfaelalla.    *  Csulb  carMtau. 
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Fig    ao5 


three  and  a  half.' 


spreads  into  the  mastoid  potlion      This  one  is  sometimeb  double      There  is  also  a 

5^>arate  nucleus  for  the  tegnien   but  this  is  not  constant      When  presenl,  it  scems 

lo  be  the  last  to  fuse  with  the  others 

which  become  one  by  the  end  ol  the 

sixth  month.    The  carotid  artery  passes 

at  tirst  along  the  base  of  the  skull  m  a 

groove  which  is  madc  into  a  canal  by 

the  opisthotic.     The  separated  petrous 

portion,    when  ossification    has    made  1 

some  progress,   shows  a  very  promt      "*■" 

nent  superior  semicirciilar  canal  and  a 

deep  cavity  under  it,  extending  back 

ward  from  the  inner  suriace.     This  is 

the  flocctdar  fossa,  which,  however  is  , 

completely  hidden  by  the  dura      The        m; 

masloid  process  becomes  fairly  distinct 

in  the  course  of  the  second  year.      It 

develops    great]y    about    the    tirne    of 

puberty,  when   it    becomes    pneumatic.  Temporal  boneatmboul  binh,  oiit«r«sp«l. 

This  may  occur  much  earlier.     J.   J. 

Oarke  has  seen  it  ivhollv  pneumatic  several  times  before  the  tenth  year  ;  once  at 
The  squamosal  joins  the  petrous  in  the  course  of  the  first  year. 

Albirth  the  lympanic por- 
FiG,  ao6.  tion  consists  solely  of  the  im- 

P«ro-squamous  suture  perfcct  Hng  Open  above.  This 
enlarges  trumpet-like  from  the 
edges,  the  front  one  forming 
the  tympanic  plate.  The 
growth  is  of  iinequat  raptdity, 
so  that  the  lower  part  is  left 
behind,  presenting  a  deep 
noich  the  outer  edges  of 
which  meet  by  the  end  of  the 
secontl  ycar.  Icaving  a  foramen 
below,  which  usually  closes 
two  or  thrce  years  later,  but 
cxceptionalIy  persisls.  The 
tym|>anic  plute  fuses  almost  at 
once  with  tlie  petrous,  but  the 
t«*^fcserian  fissure  remains  ;  the  groove  showing  the  hne  of  union  of  the  lympanic  and 
■"^»-ssloid  processes  generallv  disappears  in  the  second  year,  but  occasionally  persists 
'^■'ough  life.  Kircher'  found  it  present  on 
^^^h  sides  in  five  per  cent.  of  300  skulls. 
T^J»«  slyloid  process  consists  of  two  parts. 
^**<  first  joins  the  petrous  at  about  birth. 
"I^**«  second,  ivhich  represents  ali  but  the 
jI*Se,  is  an  ossification  of  the  stylo-hyoid 
'•Rament,  and  does  not  join  till  puberty  1 
••^  _  later.  In  very  earlv  foetal  life  ihe 
2*i«f  vein  retuming  the  blood  from  the 
?*"^n  passes  through  the  membrane  that 
!*  to  become  the  squamosal.  This  open- 
^»ft— the  foramen  jugulare   spurium—  v,««;..-.... 

■^   later  of   lesS   importance,  and   is  finalty        Tympank  ponion  of  temporal  bom  in  Ihe  second  > 

«*>sed.     In  the  skull.  at  birth,  a  pin-hole 

^presenting  it  inay  be  found  at  the  postglenoid  tubercle.     It  is  sometimes  s 


^mporal  boiK  al  alroul 


T*irm«i limpBni  In 
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THE  SrHENOID  BONE. 
In  the  adult  ihis  bone'  consists  of  a  cubtcal  bi>dy,  from  the  sides  of  which  arise 
thc  great  wings,  from  its  (ront  the  Ussrr  aiings,  and  from  below  the  plerygoid  pro- 
cesses.  Bolh  developmeni  and  coniparative  anatoniy  show  that  these  parts  represent 
several  boncs.  The  body  consists  of  two  parts,  a  postcrior  and  an  anterior.  The 
posterior,  the  basisphenoid,  is  the  centre  of  the  middle  fossa  of  the  base  of  the  skull ; 
from  its  sides  spread  the  great  wings,  or  alisphenoids.  These  with  the  temporal 
bones  complete  the  middle  fossa,  The  anterior  part,  the  prespkcnoid,  inseparably 
connected  with  the  basisphenoid,  is  in  both  the  middle  and  the  anterior  fossx.  The 
lesser  wings,  the  orhilo-spkenoids,  spread  out  from  the  presphenoid  and  cover  the 
apices  of  the  orbits,  "Ihe  pUrygoid  processes  consisl  each  of  two  plates,  the  inner  of 
which  represents  a  separate  bone  of  the  face,  the  outcr  beinjr  an  expansion  from  the 
alisphenoid.  Two  bones  called  the  cornua  iphenoidalia,  or  sphenoidal  turbinaUs,  of 
independent  origin,  ultimately  form  a  part  of  the  body  of  the  sphenoid. 


The  Body. — It  is  necessary  to  describe  i^c  basisphenoid  ^n^  thc  presphenoid 
tojj<-'ther,  sincc  they  form  the  roughly  cubical  fKKly.  The  superior  surface  con- 
tains  the  dvnp  piiuiiarj- /ossa,^  or  st//a  iureica,  in  ivhich  hangs  the  pituitary  body 
from  the  brain.  Behind  it  is  the  dorsiim  selite,  a  raisc-d  plate  cuntinuous  \vith  the 
surface  of  the  luuilar  process  of  thc  occipital  and  which  complett-s  the  posterior  fossa. 
Ils  outcr  angUs  are  knobs  pointinj;  l)oth  funtard  and  liackwarii.  the  posterior  elinoid 
processis.  to  wliich  thc  tentoriinn  is  fastcned.  Beneath  theso,  on  either  side  of  the 
dorsnm,  is  a  j;roove  for  thc  sixth  nervc.  In  front  of  the  sella  is  thc  o/ivaiy  emincnce* 
( of  thc  presphenoid  i,  which  is  usuallv  an  oval  suolling,  ihonjjh  it  mav  be  plane  or 
conca\c.  At  ils  sides  grooves,  ofteii  \cry  poorlv  markcd,  lead  tii  thc  opiie  foramina. 
Thc  posterior  ctlf-c  of  this  cniinL-nce  is  simietimes  ^'■•'OVL^d  for  a  vcin  and  sonietimes 
sharp.  Its  latcral  cnds  niiiy  lx-c"mc  tiibcrcles,  thc  middle  cHtioid  profcsses.  The 
olivarv  cmincncc  is  in  most  cascs  l>oiiiHh-d  in  front  by  a  transvcrsc  olcvation  con- 
nectinj;  thc  Ics.scr  »in^s,  of  ivhich,  indecd,  it  is  a  part,  furminji,  whcn  present,  the 
scparatiiin  of  thc  anterior  and  middle  fossa-.  Thc  front  bordcr  jin^sents  in  the 
median  line  a  trianyular  point,  the  ethmoidal  spine. 

At  cach  lateral  surface  of  the  body  is  the  earotid  groovc*  f<.r  thc  intcmal 
c.irotid  Lirtfry,     It  is  wcll  markcd  only  at  thc  posterior  cdj;c,  \vlicrc  thc  artcr)"  entcrs 
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it  from  the  apex  of  the  petrosal.  It  is  here  bounded  intertia]ly  by  a  little  tubercle, 
ibe  pelrosal  process,  at  the  base  of  the  dorsum,  and  externally  by  a  vcry  delicate 
plate,  the  iingula,  which  someiimes  projects  considerably  ;  these  two  processes 
touch  either  side  of  the  end  of  the  carotid  canal  in  the  petrous.  The  rest  of  the 
side  of  the  body  ig  hollowed  for  the  cavemous  sinus,  in  which  the  carotid  artery  runs. 
It  is  covercd  betow  by  the  origin  of  the  great  wing.  The  poaterior  surface  of  the 
body  is  rough  up  to  puberty  for  the  cartllage  thal  binds  it  to  the  basilar  process  of 
the  occipital  ;  later  these  parts  co6ssify,  and  thereafter  the  posterior  surface  is  made 
utificiaUy  by  the  sav.  The  anterior  surface  prcsents  in  the  middle  a  sharp  ndge, 
the  spkenoidal  crest. '  to  join  the  vertica]  plate  of  the  ethmoid.  Just  at  the  sides  of  this 
the  bone  is  smooth  and  aids  in  fonning  the  wall  of  the  nasal  fossa.  In  each  lateral 
half  is  an  opening,  the  spheiioidal  /oramen'  into  the  cavity  of  the  bone,  The 
inferior  surface  presents  in  the  middle  a  longitudinal  swelling,  thick  behind, 
narrow  and  sharp  in  front,  the  rostrum,  fitting  into  the  vomer  and  usually  joining 
the  lower  edge  of  the  crest  without  interruption-  It  may  stop  short  of  it.  On  either 
side  of  the  rostrum  there  is  a  smooth  trianguiar  surface  made  of  delicate  plate,  which 
extends  up  onto  the  front,  forming  the  smooth  surface  beside  the  crest,  and  tmund- 


Thf  s]iheno)d  bone  from 


ingalarge  part  of  the  hole  into  the  antrum.  These  are  the  bones  of  Beriin,  or 
^htnoidai  spongy  bones.  of  which  more  is  to  be  said  under  Developmcnt  (page  191). 

The  body  of  the  sphonoid  is  hollow.  enclosing  two  cavitics,  the  sphenoidal 
sinuses,  separated  l>y  a  scptum,  which  nms  obliquely  backward  from  the  crest,  so 
thatone  sinus  is  usuallv  much  larger  than  the  othcr.  These  sinuses  have  irregular 
ridges  partially  subdividing  them.  Thev  are  lined  by  miicoiis  membrane  and  open 
into  the  nasal  cavity  by  the  sphenoidal  foramina.  The  opening  is  reduced  \vlicn  the 
ethmoid  is  in  plače. 

The  great  wings '  have  cach  a  ccrcbral  or  supcrior  surface  forming  a  large  part 
of  the  middle  fossa,  an  exlir>ial  surface  looking  outw;!rd  into  the  temporal  and 
(iott-nward  into  the  zvgomatic  fossii,  and  an  orbiial  surface-  forming  niost  of  the  oiiter 
wall  of  that  cavity.  The  supcrior  surface  is  smooth  and  cnncave  ;  springing  from 
ihe  side  of  the  biisisjihenoid,  it  sjm^ads  upward  and  outward  and  also  iKicknaru  to 
till  the  gap  lH.-twt-cn  the  petrous  and  hquamiisal  jiarls  of  the  temporal.  Hy  the  side 
of  the  txjdy  there  is  a  short  canal  ninning  furuard  tu  open  on  the  front  of  the  bone 
into  the  sphcno-nia.tiltarv  fussa  ;  this  is  the  Jorann-n  roltinduin  for  the  supcrior  ma.\- 
iUarv  division  of  the  llfth  iierve.      A  little  liirther  back  and  more  internal  is  a  pin- 
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hole,  the  /oramen  of  Vcsalius.  for  a  minute  \<im.  Farlher  back  and  outward  near 
the  aiigle  is  tlie  foramnt  ovale,  trimsmitting  tlie  mnndibular  division  ol  tlie  fifth 
cranial  nerve  to  tlie  base  uf  tlic  skull,  nnd  ndmitting  the  small  meniiifreal  branch 
of  the  iiiternal  ina.\illary  artcry.  Just  bey<>nd  this,  in  the  extreme  angle,  so  as  some- 
(imes  lo  bc  coniplctcd  by  the  temporal,  is  the  foramen  spinosum,  admitting  the 
middle  moningcal  ariery  to  8U|)ply  the  lione  and  the  dura.  The  external  surface 
is  divided  iiilo  a  largcr,  superior,  verlical  part,  looking  touards  tlie  temporal  fossa, 
and  one  looking  into  the  zygomatic  fossa.  These  are  separated  by  the  infratem' 
poral  crfst,  which  near  the  front  points  downward  as  a  stroiig  prominence,  the  in/ra- 
leinporal  spine.  The  inferior  surface  contains  the  forumcn  ovale  and  the  foramen 
spinosnm.  Just  behind  the  latter,  at  the  posterior  angle,  is  the  spine  of  the  sphenoid, 
pointing  downward,  grooved  at  the  inner  side  by  the  chorda  Iympani  nerve.  The 
cxternal  surface  has  an  antcrior  border  where  it  meets  the  orbital  surface,  which 
joins  the  malar.  The  superior  border  slanls  upward,  overlapping  the  frontal  and 
parietal  bones.  The  posterior  border  is  about  vertical  as  far  down  as  the  infra- 
temporal  crcst,  and  bevelled,  especially  abovc,  to  be  overlapped  by  the  sqiiamoii$ 
part  of  the  temporal.  The  lower  part  of  this  border  runs  backward  and  somewhat 
overlaps  ihe  squan)osal.     The  posterior  border  of  this  surface,  from  the  spine  to  the 


body,  is  slightly  rough  for  the  petrous.  making  with  it  a  t;;roove  on  the  under  side 
for  the  cartilaginous  Eustachian  tul>e.  The  smooth  orbital  surface,  facing  inward 
and  forvvard,  is  quadriiateral.  broader  in  front  than  liehind.  Alinost  the  whole  of  it  is 
in  the  outer  wall  of  the  orbit,  of  uliich  it  forms  the  grcater  part  ;  Imt  a  small  portion, 
narrutv  l>ehind  and  expanding  in  front,  looks  into  the  spheno-ma.\illary  fissiire,  which 
bounds  this  surface  lje!ow.  It  joins  ihc  malar  in  front.  On  the  top  of  the  bone 
there  is  a  rough  triangular  region  in  the  angle  formed  by  the  mccting  of  the  extenial 
and  orbital  surfaces,  on  which  the  frontal  bone  rests.  This  is  abnve  the  front  half 
of  the  orbital  plate.  The  rcmainder  of  the  iippcr  and  ihc  whole  nf  the  posterior 
border  of  the  latter  bound  the  sphcnoidal fissure.^  This  cleft  is  an  elongated  aper- 
ture,  directed  obliquely  uutvard  and  upward  between  the  grcat  and  lesscr  wings  of 
the  sphenoid,  completed  exlemally  by  the  frontal.  It  opens  anteriorly  into  the 
orbii  and  tninsmits  ihe  third,  the  fourth,  the  opluhalmic  division  of  the  fifth  and 
sixth  cranial  ner\'es,  and  the  ophthalmic  vcins.  There  is  a  small  projection  near  the 
middle  of  the  hind  l>ordcr  for  a  ligament  crossing  the  fissure  and  for  the  outer  head 
of  the  e.xtcrnal  rectus. 

The  lesser  wing8,'  fonning  the  back  part  of  the  anterior  fossa  and  of  the  rool 
of  the  orbit,  arise  l>y  two  rooLs.  The  superior  is  a  i>late  covering  the  presphenoid  ; 
the  inferior  is  a  strong  process  from  the  side  of  the  body.     With  the  latter  lhey 
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endose  a  canal,  commonly  cailed  thc  oplic  /oramen'  for  the  optic  nerve,  which  is 
accompanied  by  the  ophthalmic  artery.  The  length  of  ihe  canal  measiired  along 
the  inferior  root  is  about  five  millimetres.  The  length  of  the  roof  is  greater,  per- 
baps  nearly  twice  as  much,  but  it  is  varlable  from  the  uncertain  development  of 
that  part  ol  the  bone ;  definite  dimensions  are,  therefore,  wanting.  The  vertical 
diameter,  some  five  milHmetres,  of  the  openin^  into  lire  orbit  is  a  little  greater  than 
the  transverse.     The  small   wing  over- 

hangs    the    front    of    the    middie   lossa  pic.  iri. 

bounding  the  sphenoidal  fissure  above,  ,_,.j\  Jf^ 

and  ends  laterallv  in  a  sharp  point.     The  '  ' '  "" 

anterior  clinoid  process  is  a  sharp  pro- 
jection    backward    above    the    inferior 
root  and  towards  the  posterior  cLnoid. 
Sometimes  it  reaches  the  latter  ;  some- 
times  it  is  connected  by  a  spur  with  the 
middU  clinoid  process,  then  bridging  the 
carotid  groove  and  making  a  carotico- 
elinoid  /oramen  (.Fig.  211).     The  an- 
terior   border   of    the   lesser   wings    is     „, 
rough  at  iis  inner  part  and  smooth  at     <"" 
the  outer,  where  it  joins  the  posterior 
edge  of  the  horizontal  plate  of  thc  froiital. 
ing  most  of  the  boundary  of  the  anterior  ai 
The  pterygoid  processes '  are  down 
the  paUte  bone,  form  the  back  of  the  frame' 
two  plates,  an  inner  and  an  outer,  united 
pterygoid  /ossa,  and  separating  f)elow  on 

inner  springs  from  the  body,  the  outer  from  the  great  wing.  The  inner  pterygoid 
plate*  is  the  longer.  It  is  nearly  vertical,  cnding  in  thc  slender  ^a»i«/ar /r<«'«j* 
which  points  outward,  bounding  a  deep  little  notch  through  tthich  the  tendon  of  the 
tensor  palati  plays.  At  the  inner  side  of  its  origin  the  internal  plate  presents  a 
scale-like  cur\-ed  projection.  tne  vaginal 


The  posterior  border  is  smooth,  form- 
id  middlc  cranial  fossae. 
Aard  projections  which,  articulating  with 
vork  of  the  upj)er  jaw.      E^ch  consisls  of 

in  front,  diverging  behind  to  form  the 
ide  of  the  pierygoid  notch.     The 


FlG- 


nioa  a<  iplKiMkl  bime.  shi 


^"^^  vessels  of  that  name. 


Lvhich  is  an  antero-poste- 
rior  groo\'e  below  the  body  of  the  sphe- 
noid,  in  which  the  lateral  expansion  of 
thc  base  of  the  vomer  is  receivcd.  Just 
e.vternal  to  the  vaginal  process  is  an- 
other  small  groove,  the  plerjgo-palaline, 
\ihich  the  palate  bone  converts  into  a 
canal  leading  back  from  the  spheno- 
maxillary  fossa.  The  outer  pterygoid 
plate*  is  broader  and  flares  outward. 
The  anterior  surface  of  the  root  is  nearly 
smooth,  forming  the  back  wall  of  the 
spheno-maxillary  fossa.  It  has  the 
openings  of  two  canals  :  the  upper  and 
outer  is  that  of  the  [oramen  rotundum  ; 
the  lower  and  inner,  which  is  smaller,  is 
the  Vidian  canal,  transmitting  the  nerve 
al  ridge  between  the  two,  and  a  slight 


K^Ciove  below  the  latter,  forming  with  the  palate  bone  the  beginning  of  the  poste- 
'^^*»'  palatine  canal  which  runs  from  the  spheno-ma.\iliary  fossa  through  the  hard 
P^iate.  transmitting  a  descending  palatine  ner\-e  and  vessels.  The  loiver  anterior 
*^I?es  of  bolh  plates  are  rough  to  articulate  nith  that  bone.  Tlie  outer  suriace  of 
tr»^  extemai  plate  is  irrcgiilar  for  the  origin  of  the  external  plervgoid  muscle.  The 
»i^Tjcr  wall  of  the  inner  plate  is  smooth.  It  bounds  laterally  the  back  of  the  nasal 
•^vitj'.  The  posterior  bordcrs  of  l>oth  plates  are  sharp,  e.xcepting  that  the  inner  is 
"Tmed  by  the  union  of  twti  iines  which  cnclosc  the  seaphoid  fossa  whcre  the  tensor 
palati  arises.      Rather  less  ihan  half  way  down  the  ijiternal  plate  presents  a  promi- 


HUMAN   ANATOMV. 

bounding  a  (jroove  below,  which  supports  the  Eustachian  tube,    The  posterior 

:r  of  the  outcr  plate  is  irrcgu!arly  scalloped.     Near  the  top  a  transverse  ridge 

«s  its  inncr  suriace  ;  i[  wcil  markcd,  this  forms  the  top  of  the  pterygotd  fossa. 

iay  bc  barel)- disccrnible  (Waldeyer'j.     Just  above  the  scaphoid  fossa  ia  the 

1  end  of  the  \'idiaii  cannl  opening  itito  the  middle  lacerateii  foramcn  oppositc  the 

X  of  the  petrous.     The  dtf\elopnient  of  the  pterygoid  plates  varies  greatly.     The 

xr  part  of  the  outcr  niav  be  prolonged  to  the  spine  of  the  sphcnoid,  just  outsidc 

the  foramen  ovale,  with  a  jn.rforation  at  this  point,  so  that  sume  of  the  branchcs 

the  third  division  of  the  lifth  cranial  ncrve  may  pass  on  eilht-r  side  of  it.     This 

.'curs  by  the  ossilication  of  a  band  of  librous  tissue,  connccting  the  back  of  the 

plate  tvith  the  spine,  and  thtis 
Fig.  ai3-  .... 


■It^htn^t 


Sphmold  bone  >1  aboL 


forming  the  foramen  ptfrvgo- 
j/>/»<;j«w(of  Civinini(Fig.  21 2  J. 
This  is  al»ays  behind  the  fora- 
men ovale,  or  intemal  to  it. 
Just  outside  of  the  foramen  is 
found,  very  rarelv,  a  Httle  canal 
on  the  vindcr  side  of  the  great 
wing.  transmitcing  a  branch  of 
the  mandibular  division  of  the 
fifth  ner\'e,  the  porus  crotaphit- 
ico-buccinatorius  of  Hyrtl. 

Articulations.— Much 
has  been  alread/  said  incident- 
ally  on  this  point  in  the  fore- 
going  description.  The  sphenoid  l)one  joins  the  occipital  t>ehind.  The  great  wings 
8end  the  spine  into  the  entering  angle  between  the  squainous  and  petrous  portions 
of  the  temponit.  These  two  bones — the  sphcnoid  and  the  temporal — form  the 
entire  middle  fossa  of  the  skull.  The  tniddU  lacerated  foramen  is  just  liehind  the 
carotid  groove  at  the  side  of  the  body  and  in  front  of  Uie  end  of  the  petrous.  At 
the  side  of  the  skull  the  great  wings  join  the  squamous  behind,  the  parietal  and  the 
frontal  above,  and  the  malar  in  front.  The  ethmoid  covers  the  front  of  the  body  of 
the  sphenoid,  its  venical  plate  joining  the  crest.  The  vomer  covers  the  rostnim 
below.     The  patate  lx>nc  hlls 

up  the  pterygoid  notch,  com-  Fig.  iia. 

pleting  the  fossa,  and  by  its 
sphenoidal  process  touchcs 
the  edge  of  the  body.  The 
frontal  bone  joins  the  lesscr 
wings. 

Development. — The 
pTfsphcnoid  and  basisphenoid 
each  ossify  from  a  pair  of 
nticlei,  those  of  the  former 
appearing  at  the  end  of  the 
second  month  of  Icctal  life  and 
the  latter  a  little  later.  At 
almut  the  eighth  wcek  a  nu- 
cleiis  is  to  l>e  seen  in  each  of 

the  greater  wings  ncar  the  ImmIv  and  e.ttends  outward,  involving  also  the  extemal 
pteryg(>id  plate.  The  interna!  ptcr\-goid  plate  has  a  nucleus  of  its  ottn,  which 
is  present  in  the  fourth  month  and  joins  the  oiiter  a  month  later.  T«o  little  eran- 
ules  appear  in  the  fnnrth  month  for  the  lingula  and  a  neighboring  piece  of  the 
Imne.  The  cirhilnapbenoids  have  each  twn  centres, — one  on  either  side  of  the  optic 
foramen.  It  ttooUi  seem  that  the  inner  mav  in  some  cascs  take  the  placc  of  those  for 
the  prcsphcnoid.  In  anv  casc  the  presphenoid  and  the  lesser  »injis  iinilc  before  birth, 
fn  thesevcnth  or  eighth  month  ihr  presphenoid  and  basisphcnnid  imitc,  but  at  l»Tth 
Ihov  are  stili  separated  by  cartilage  on  their  l<iwer  surface.  ,-//  birth  the  t>one  con- 
'  Si[runBsl>er.  Acnil.  \Vissen.,  Berlin,  1893. 
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»sts  of  the  batiisphcnoid,  the  prcsphcnoid,  and  ihe  lesser  ninj-s  in  one  picce,  and  a 
lateral  one  on  each  side,— nainely,  ihe  greatcr  wing  and  the  pierygoids.  The  dorsum 
sclIiK  has  a  separate  epiphvsis  which  appears  after  birth.  In  the  first  )ear  the  lesser 
wings  spread  across  tht-  top  of  the  presphenoid,  joining  the  jugum  sphenoidale,  so 
ihat  it  does  not  show  in  the  antcrior  fossa.  The  external  pterygoid  plate  is  an  oul- 
growth  of  the  grtat  wing. 

The  cornua  spheiioidalia,  boues  o/  Berlin,  or  sphenoida!  iurbinaie  bones,  are  lwo 
thin  plates  which  appear  before  birth  at  the  front  of  the  presphenoid.  Thev  co\er 
both  the  front  and  its  infcrior  surface  at  the  sides  of  the  rostrum.  At  five  years  they 
are  stili  free.  but  have  approached  their  permanent  shape  of  hollow  cones.  The 
hollowing  out  of  the  body  of  the  sphenoid  now  begins,  and  at  ihe  same  tirne  the 
upper  part  of  these  bones  is  absorbed.  so  that  the  foramina  become  notches.  These 
bones  are  ultimately  joined  to  the  sphenoid.  the  ethmoid,  and  the  palate.  Though 
usually  reckoned  as  parts  of  the  sphenoid,  ihere  is  reason  to  believe  that  they 
are  generallv  fiised  earlier  with  the  ethmoid.  The  basisphenoid  begins  to  cobssify 
with  the  occipital  at  about  the  fifteenth  year.      The  process  is  lirst  com]>leted  above. 

THE   ETHMOID    BONE. 

The  ethmoid '  consists  of  a  median  plale  forming  a  pari  of  the  nasal  septuni.  of 
ihe  cribiform  piatc  joining  it  at  the  top  on  either  side  and  forming  ihe  roof  of  the 
nasal  cavity,  and  of  two  lateral  masses  attached  to  the  lateral  border  of  each  cribriform 
plate,  and  touching  the  vertical  plate  very  slighdy  jusl  below  its  junction  with  the 
front  of  the  cribriform  plate,  These  lateral  masses  are  roughly  cubical.  inlerposed 
belween  the  cavilies  of  the  noše 
and  of  the  orbit.  They  consist  of 
a  scnes  of  delicate  plates  forming 
the  walb  of  air-spaccs  or  cells. 
which  are  mostly  completed  by 
neighboring  bones. 

The  vertical  or  median 
plate  *  projects  near  ihe  front  into 
the  cranial  ca\ity  as  the  crisla 
galli.  thicker  in  front  than  behind, 
with  an  oblique  upper  border  run- 
ning  sinuously  downward  and 
backward.  Its  greatest  ele\atioTi 
is  about  one  centimetre.  The 
front  part  is  occasional]y  hollo« , 
formii^  a  part  of  the  fronial  sinus. 
It  gives  attachment  to  the  fal.\ 
cerebri,  a  fold  of  dura  separating 
the  hemispheres  of  the  brain.  \ 
litde  plate,  a/a,'  facing  downward 
and  forward,  arises  from  the  front  on  either  side.  articulating  with  the  frontal.  Jitst 
before  ihe  crisla  galli  is  a  pin-holc,  thii  /cra m fn  cetann,  usuailv  formed  by  lxnh 
ethmoid  and  frontal,  but  which  may  be  in  either.  ft  is  said  lo  transmit  a  vein  in 
early  life,  but  is  closed  later.  The  part  of  the  \ertical  plate  belo\v  the  horizontal  one 
is  five-sided.  The  upper  border  runs  along  the  base  of  the  skuJI  ;  one  in  front  of 
it  slants  downward  and  for»-ard  under  the  nasal  spine  of  the  frontal,  sometimes 
reaching  the  nasal  bones  ;  another  descends  near]y  vertically  along  the  crest  of  the 
sphenoid.  Of  the  two  infcrior  borders,  the  posterior  runs  downward  and  fornard 
along  the  greatcr  part  of  the  vomer,  while  the  antcrior,  running  downward  and 
backward  to  mect  il,  is  frcc  in  the  skcielon.  but  in  life  is  atuched  to  the  triangular 
canilage  which  forms  a  large  part  of  the  septum.  The  sides,  covered  wilh  mucous 
membrane,  are  smooth  except  at  the  upper  part,  where  there  are  vertical  ^rooies 
for  the  olfaclory  nervcs.      This  plate  usually  slants  to  one  side. 

The  horizontal  or  cribriform  plate  '  forms  the  tloor  of  a  narrow  groove  on 
either  side  of  the  crista  galli  and,  farther  back,  in  the  niiddle  of  the  antcrior  fos.-ia  of 
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thc  skuU.  The  greatest  breadth  of  the  groove  is  about  five  millimetres.  It  i 
rows  in  front  to  a  point,  and  thus  al]ows  the  I.-iteral  masses  to  touch  thc  ine<. 
plate.  It  supports  the  olfactory  lobe  of  the  brain,  and  is  perforated  by  holes  for 
passage  of  the  olfactory  nerves.  These  are  arranged  rather  vaguely  in  three  ro 
There  are  many  in  front  and  few  behind.  Many  of  the  larger  ones,  which  are  r 
the  septum  or  al  thc  outer  side,  are  small  perforated  pits.  At  the  front  a  loh 
tudiiial  Jissure,  close  to  the  crista  galli,  transmtts  tlic  nasal  branch  of  the  tifth  nei 
Thc  lateral  masses '  are  two  collcctions  of  bony  plates  iinpeTfcctly  bound 
cavitics.  Thoy  are  roughly  3ix-sided.  the  greatest  diamcter  being  antero-postcr 
The  outer  surface  |)resents  a  vaguely  quadrilateral  plate,  the  os  planum'  iomn 
a  large  part  of  the  iiiner  wal1  of  the  orbit.  In  its  upper  border  are  two  notct 
which  become  the  anlerior  and  ^sterior  ethntoidal  /oramina  when  thc  frontal  b 
is  in  place.  Tlie  former  transmits  the  nasal  branch  of  the  (ifth  nerve  froin  the  o: 
to  the  cranial  cavity.  The  os  planum  is  bouiided 
behind  by  the  body  of  the  sphenoid  ;  below  by  the 
palate  bone  and  superiarma\illa,  the  former  of  »hich 
usuaUy,  and  the  latter  always,  complete  some  eth- 
moidal  cells  which  appear  along  the  lower  border. 
There  is  a  large  mass  of  open  cells  in  front  of  ihe 
os  planum.  Those  nearest  to  it  are  completed  by 
the  lachrymal  aiid  the  more  anterior  ones  by  the 


Mf  iliiin  nr  pcipcndlrullt  plalc  o(  ethiiKiid  tmne  in  pU».    Thc  riiihl  Ulcnl  n»»  <>f  Ihc  eihtnoiil  h*« 

nas:d  process  of  the  superior  maxii]a.  Postcriorlv,  ihe  tatcral  mass  rcsts  against 
liodv  of  the  sphenoid,  the  postcrior  cells  being  sq>aratcd  froiii  those  of  thc  sphen 
by  thc  cornua  S|ihciioidalia.  The  open  cells  on  the  upper  siirfacc  of  thc  lateral  m 
are  closcd  by  ihc  imiK-rfect  cells  on  thc  undiT  sidc  of  thc  horizontal  plate  of 
frontal  Ijesidc  ihc  ethntoidal  nolr/i.  The  few  cells  that  open  anteriorly  are  coni 
iicius  »ith  the  lateral  oni-s.  and  are  closed  by  the  nasal  process  of  thc  upper  jj 
The  numerinis  spaces  »ithin  the  eihmoid  are.  for  thc  most  part,  completed  by 
neighboriiig  l>ones,  aftcr  which  tliev  are  named.  l"hcre  are  some  bencath  the 
plannm,  however.  intirdv  wilhiii  thc  ethmoid.  The  itkmoidal  rcZ/j'  are  divided  i 
anterior  and  fiostrrior,  of  whirh  thc  (ormer  open  into  thc  noše  bclow  the  mid 
liirbinate  lione  and  the  latter  alKrtc  it.  The  si«;e  and  shajie  of  the  cthmodial  c 
are  verv   irregular  ;    si>metim(-s  the  middle  turbinale  is  hollowed  into  one,  soi 
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tirv^es  they  swell  out  into  the  cavities  of  other  bones,  notably  into  the  frontal  sinus. 

T**«  internal  surface  of  the  lateral  mass,  forming  the  outer  wall  of  the  nasal 

ca."wity,  cannot  be  seen  on  the  entire  bone.      It  is  best  studied  on  the  bisected 

slc«jll;  but  to  study  the  whole  bone,  further  cutting  is  necessary,  since  this  sur- 

ja,«2r«  is  made  oi  a  series  of  con- 

vtrvluted  plates,   some  of  uhich  Fic.  217. 

conceal  othere.     At  least  two  of 

tis  ^ — the  superior  and  the  mid' 

d£^-  lurbinaU hones' — areevident. 

Tt»«yare  curled  with  their  con- 

ve-^vities     towards     the     median 

pl^ne,  so  as   to  overhajig  two 

arkiero-posterior    passages,    the 

st^^^trior  and  the  middle  mcalus 

of        the  nasal  fossa.      According 

to      Zuckerkandl,  there  are  three    ■ 

et-A  moidal    turbinate     bones     in         tirooi 

njore  than  eighty  per  cent.,  and 

soj-netimes    four.       When    only 

t^-o  are  seen,  it  is  owing  cither  ' ''|'[j 
to  the  absence  of  the  second 
or  to  its  siight  dcvelopraent,  so 
th»^t  it  is  hidden  by  the  upper. 
It  is  certain  thaC  only  tvvo  are 
e\-i«lent  in  most  cases,  and  we 
sK^l  foltow  the  usual  method  of 
so     describing  the  bonu,'     The 

ift^rior  ethmoidal  (middle)  tur- 
binate is  much  the  larger,  vcry  promineiit,  and  joins  the  ascending  process  of  the 

supKrior  ma^illa  at  the  crista  cthmoidalis  or   superior  turbinak  cresl.      Its  general 

course  is  backward  and  downward,  to  end  in  a  [loint  at  the  posterior  border  of  the 

bone.  The  free  edge  is  so  much 
curled  under  as  to  be  hidden. 
The  superior  turbinate  is  much 
smallcr,  occupying  the  postero- 
superior  angle.  It  appears  to 
separate  from  the  turbinate  below 
it  at  about  the  middle  of  this  sur- 
face. The  superior  meatus,  nhich 
It  o\erhangs,  is  thercfore  small. 
As  above  impUed,  an  additional 
ethmoidal  turbinate  may  appear 
from  beneath  it,  and  stili  another 
small  one  niay  verj-  e\ceptionalIy 
be  found  abovc  it  at  the  extreme 
upper  postcrior  ungic.  At  the 
point  at  which  the  middle  turbi- 
nate lx>ne  jtiins  the  nasal  process 

^  nhmoidboncfninibehiiid.  «hnwinKni«Iiinpl*tc>ndUier>L       nf    the     ma\illa    thcre     is    often    a 

'™'*'"  slighl   eievation,   the  agger  naši, 

which  is  supposed  to  be  the  an- 
ior  end  of  another  turbinate  which  imsse.s  under  the  ])receding.  \Vhen  the  mid- 
-  turbinate  is  removed,  a  curved  projecting  plate.  thu  louinate  process,"  is  seen 
''^^  the  lateral  miiss,  curving  dii«iiward  and  backuard.  It  is  some  two  or  three 
"^*llimetres  broad  and,  extending  beneath  the  rest  of  the  Imne,  joins  the  inferior 
'***'hinate.  The  uncinate  proces*,  together  with  the  agger,  is  hdd  to  represenl  the 
-^  'There  are  practicallv  ihrec  lurbin.ite  l)ones,  tlic  iipjtcr  Imo  of  wliich  .ire  parts  of  the 
^^^tnoid  and  the  lou-est  a  seiiariito  bone.  Tliese  :in-  ciilkii  superior,  miikllc,  and  inferior; 
"^^ice  wc  speak  of  the  inferior  elhmoidal  lurliinnti-  :is  llie  middle  one. 
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jiaso-turHnal  bone  of  man/  maminals.  Behind  tlits  is  a  globular  swelling,  the  buUa,* 
formed  by  a  plate  springing  from  the  os  planum,  coveriitg  cells,  which  also  is  held 
to  represent  a  turbinate.  Between  the  uncinate  process  and  the  bulla  is  a  deep 
groove,  the  in/undibulum*  curving  downward  and  backward,  the  opening  into  whicn 
from  the  nasal  fossa  is  knowa  as  the  kiatus  semilunaris.     The  upper  end  of  the 

infundibulum  opens  into 
the  frontal  sinus  in  about 
half  the  cases,  'ending 
blindly  in  the  othera  ;  it 
is  bounded  externally  tO 
a  varying  extent  by  the 
lachrymal.  A  number 
of  anterior  ethmoidai 
cells  generally  open  into 
this  portion.  The  iower 
lurbinite  gn(j  Qj  the  infundibu- 
ma„u,  lum  has  an  opening  on 

its    outer   side   into   the 
a  n  trum. 
'hmX'"''  Articulations. — 

These  have  already  been 
described  incidentally. 
Brief1y  recapitulated, 
-lurbiiuie  however,  the  articula- 
tions  of  the  ethmoid  are 
with  the  frontat,  the 
turbinates,  the  lachrymals,  and  the 
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sphenoid,  the  palatals,  the  vomer,  the  inferio 
nasal  s. 

Developmcnt. — The  ethmoid  is  very  small  at  first  and  backward  in  ita 
development.  About  the  middle  of  fa;tal  life  ossification  appears  in  the  os  planum 
and  the  middle  turbinate  bone.  A  centre  (two,  according  to  Poirier)  for  the  vertical 
plate  occurs  in  the  first  year,  from  which  ossification  extends  into  the  crista  galli. 
The  cribriform  ossities  chiefly  (perhaps  whoIly)  from  the  lateral  masses.  The  date 
of  the  union  of  the  three  pieces  is  rather  uncertain  ;  it  takes  plače,  probably,  at 
about  the  sixth  year.  The  cells  appear  first  as  depressions  duri{ig  foetal  life. 
According  to  the  more  generally  accepted  view,  their  growth  is  by  absorption  o( 
bone.  It  is  hard  to  believe  that  this  is  not,  at  least,  a  iactor ;  Poirier,  however. 
holds  that  they  are  due  to  the  course  of  ossification. 

THE   FRONTAL   BONE. 

This  bone,*  which  forms  the  front  of  the  vault  of  the  skull,  most  of  the  floor  of 
its  anterior  fossa,  and  bounds  the  grcater  part  of  the  orbits  and  the  ethmoidal  celb 
above,  is  developed  into  two  symmotrical  halves  which  unite  in  the  second  year.  It 
is  convenient  to  divide  the  bone  thus  formed  into  a  vertical  and  a  horizontal  portion, 
although  this  division  rests  on  no  scientific  basis. 

The  vertical  portion,'  convex  anteriorly,  presents  on  eith«r  side,  below  its 
mi<ldle,  the  frontal  eminenee*  which  represi-nts  the  chicf  ct-ntre  *•>{  ossification  f 
either  half.  Very  prominunt  in  infancy,  it  diminLshes  during  growth,  and  is  hardly 
to  be  made  out  in  most  adult  skuUs.  The  lower  border  of  the  \ertical  portion  gron-s 
dnwn«ar<l  in  front  bc1ween  the  orbits.  At  the  sides  of  this  projcction  are  the 
internal  angular  processes  of  the  orbits.  In  the  nuddle-line  a  faint  zigzag  line  marka 
the  reinnant  iif  the  inhr/rontal  sutun:  Ab<i\e  this  is  a  smooth,  rather  prorainent 
Burface,  calle<l  ihe  glabella,  e.\ti'rnal  to  which  are  the  superciliarv  ridges^  or  emi- 
netucs,  which  e.xtend  (utt\vard,  someivhat  above  the  inner  cnds  of  the  orbits.  The 
dcvdi)pment  of  these  varies  grcatlv.  On  cilht-r  side  of  the  nasal  projection  is  the 
orhilat  areh,  vxten<iing  outward  from  the  internal  angiilar  process.  At  about  the 
'H.  A.  I.oihr.ip:  Annals  of  SiirKer.-,  vol.  Jixviii..  1898. 
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inner  third  of  the  arch  is  the  supraorbital  notck '  for  the  nen-e  and  the  artery  of  the 

same  name.     The  outer  ed^e  of  the  notch  is  more  prominent  than  the  inner.     Very 

often  this  is  replaced  by  a  foramen,  which  may  be  four  or  fiie  miltimetres  above  the 

c<i(ie  d  the  bone.      The  arch  ends  externally  in  the  e.rtemat  angular  process*  which 

jdms,  the  malar  and  is  very  prominent.      From  it  springs  the  lemporal  cresi^  which, 

cr«Jr\'ing  upward  and   backward,   separates   the  anterior  surface  oi   the  bone  from 

C±ic  lateral  one,  which  is  a  part  of  the  lemporal  fossa.      This  crest  generally,  before    ■ 

2^a\'ing  the  bone.  divides  into  two  lines,  of  which  one  is  much  more  distinct  than  the 

o^her.     The  vertical  part  of  the  bone  has  a  slight  point  above  in  the  middie  and  a 

.^r^Ty  jagged  posterior  border  interlocking  with  the  parietal.     The  latter  is  slightly 

<:»-^'erlapped  abo\e  and  overlaps  below.     The  bevelled,  though  jagged,  articular  sur- 

C^k.ce  broadens  below  to  meet  a  triangular  rough  space  on  the  inlerior  surface.     At  the 

|.c3«-er  lateral  edge  the  bone  is  covered  by  the  top  of  the  great  wing  of  the  sphenoid. 

Fig.  j  jo. 


The  horizontal  portion  '  showH  in  the  middie  of  its  lower  aspect  a  rough  surface 
*3ttending  onto  the  front,  called  the  nasal  proctss,  w  hich  articulates  anteriorly  with 
*he  nasal  bones  and  lateral]y  «ith  the  ascending  proccsses  of  the  upper  jaw.  In  the 
Wiiddle  projects  a  thin  plate,  the  naša/  spine,  behind  and  between  the  na,sal  b<ines. 
On  either  side  of  this  there  is  often  Inund  a  small  smooth  surface  forming  a  small 
part  of  the  roof  of  the  nasal  cavitv.  Behind  this  lies  the  median  ethmoidal  nolch,''  on 
either  side  of  which  is  an  irregular  space  reaching  to  the  inner  edge  of  the  orbit, 
made  of  imperfect  cells,  cnmpieting  the  ethmoidal  ones.  In  front  of  these  a  cavity 
enends  directly  up.  holloning  out  the  bone  into  ihn  frortta!  sinus,  which  may  o.xtend 
outward  and  backward  over  the  orbits.  A  partition  separates  the  sinuses  of  the  two 
udes,  which  are  rarely  svmmetrical.  The  sinus  opens  mto  the  middie  mcatus  either 
directly,  imder  the  front  of  the  middie  tnrbinate,  or  through  the  inlundibnlum. 
When  the  ethmoid  is  in  plače,  the  cribriform  plate  and  the  crista  galli  fill  up  the 
ethmoidal  notch  ;  the  ethmoidal  cells  are  thcn  closed,  and  the  ethmoidal  foramina 
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and  canals  are  formed.  E.tteriud  to  thiH  lies  the  orbita!  plate,  thc-  front  of  which  is 
ovurhung  by  the  supraorbital  arch.  It  is  slightly  concavc  irom  stde  to  side.  Just 
undcr  cover  of  the  esternal  aiifjle  is  'Ti  ill-marked  depression '  for  the  lachrymal  gland. 
Near  the  intcrnal  angular  prucess  there  may  bc  a  small  fossa '  [or  thu  cartilaginoua 
pu]ley  for  the  superior  oblique  muscte.  More  frequently  there  is  a  minute  tubercie. 
The  inner  border  of  tliu  orbita)  surface  runs  nearly  straight  baclcward.  Its  sharp 
edge  articulates  from  bcfore  backward  with  thc  asccnding  process  of  the  niaxilla, 
the  lachrymal,  and  the  ethmoid,  The  outer  edge  runs  obliquely  inward.  External 
to  it,  bchind  the  angular  process  which  joins  the  malar,  is  a  rough  triangular  surface 
articulating  with  the  great  wing  of  thc  sphenoid.  The  posterior  border  of  the  orbital 
plate  is  short  and  serrated  to  join  the  small  wings  of  the  sphenoid. 

The  intcrnal  surface  of  the  fronta]  presents  the  /rontal  crest  below  in  the 


mediiui  line.  Itisaslight  ridgi 
nins  along  it,  startinu  at  the  /or 
it  and  the  ethmoid.  Tliis  groii 
shiirt  ilistancd  the  crcst  disjippL-: 
of  the  Imne.  There  are  a  tcvv  y,: 
nt  the  sidc  and  soiiu-  sniall  Paci 
notch,  are  the  orbita!  plairs.  \vlii<-h 


1  wliich  thc  falx  is  attaclied.  A  narrow  grooi^e 
■H  firntm.  a  hi>lc  eitlier  in  this  l»,)ne  or  between 
s  for  the  sii|>erii>r  longitiidinal  sinus.  After  a 
but  ihv.  grimve  hroadens  an<l  iMcnds  to  the  top 
■i>s  fi)r  branches  of  the  niiddlc  meningeal  arterj' 
ni;m  <li -pri-s-sions.'  Holi)w,  on  tither  sidc  of  the 
uiiglv  don-nu-ard  and  inuard,  so  asi  tn 


leave  the  ethinnld  in  a  di><'p  giittcr.  Thcir  iipper  surfaces  are  very  im-gular  with 
so  aillfd  digilal  impnsuiotis  for  the  opposid  cort-lmil  c<involuiions.  It  is  nnw  evident 
how  ihe  fronial,  the  ethmoid,  and  the  les-st-r  wins;s  i>f  the  sphenoid  form  the  anterior 
ioss;i  of  the  skull. 

'Si!e  r.irietcil  Iktn«  {\m\v.v  i*»^). 


THE   PARIETAL   BONE. 


»97 


Articulations. — The  frontal  articulates  with  the  nasal,  superior  inaxillary, 
lachryiiial,  malar,  ethmoid,  sphenoid,  and  parictal  bones. 

Dcvelopment  and  Changes.— The  on]y  iniportant  centres  are  the  two  syin- 
metrical  ones  appearing  in  the  membrane  at  the  frontal  eminences  towards  the  end 
of  the  second  month  of  fcetal  life.  There  is  a  separate  point  for  the  nasal  spine 
and  one  near  each  angular  process  of  the  orbit.  These  smaller  ones  are  fused  in  the 
seventh  month  of  fcetšd  life.  There  is  a  centre  for  the  posterior  angle  (Gegenbaur), 
whichalso  unites  before  birth.  The  median  (metopic)  suture  usually  closes  towards 
the  end  of  the  second  year,  and  a  year  or  two  later  is  hardly  to  be  recognized,  except 
by  the  rudiment  al  the  lower  end.  Occasionallv  the  suture  persists  ;  in  that  čase  it 
remains  in  extreme  old  age  after  the  others  have  vanished.  Not  very  rarely  in 
the  foetus  or  infant  a  dilatation  of  the  fissure,  metopic  fontanelle.  is  (ound  near  the 
upper  part  of  its  lower  third.  There  are  a  [ew  cases  of  traces  of  ihis  in  the  adult.' 
The  frontal  sinuses  appear  about  the  seventh  year  and  Increase  up  to  adult  Hfe. 
Later  they  are  said  to  grow  again,  slnce  in  the  latter  part  of  life  the  inner  table  of 
the  skull  folIows  the  shrinking  brain.  As  their  size  is  dependent  chiefly  on  the 
behavior  of  the  inner  table,  we  can  infer  little  about  it  from  the  shape  of  the  fore- 
head,  unless  the  superciliary  eminences  are  very  prominent. 

THE   PARIETAL   BONE. 
The  two  parietal  bones '  complete  the  vault  of  the  skull.     Each  is  a  thin  quadri- 
lateral  bone  with  an  inner  and  an  outer  table  separated  by  diptoe.     Near  the  middle 


PoatMiormfero  an»l. 


^n  the  convex  external  surfacc  hihe parir/a/  emi/iena-.^  «here  ossification  begms. 

U  is  very  prominent  in  childhood,  bnt.  as  a  rule,  is  not  verv  evident  in  the  adult. 

"Ossing  this  surface  bd<)w  ihe  middle  are  two  curt-ed  lincs'  continuous  wilh  those 

'Schw'albe  ;  Zeitsclirift  fiir  Morph.  und  .\nthrop..  Bd.  iii,,  1901. 
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inio  which  the  temporal  crest  of  the  frontal  divides.  The  superior  crosses  the  bone, 
cndin^  at  its  posterior  border.  The  iti/erior  turns  down  tovvards  the  postcrior 
part  so  as  to  rcach  the  lower  border  to  become  contiiiuous  with  the  supramastoid 
crcst  of  the  temporal.  In  the  middlc  of  their  course  the  Imes  are  about  two  centi- 
metres  apart.  The  spacc  betnucn  thcm  is  a  httle  smoother  than  the  surface  above 
and  below.  It  is  uncommon  to  be  able  to  traco  both  lines  throughout.  The  inferior 
is  usuaily  the  better  inarked.  Sonietimes  a  part  of  each  is  suppressed.  The  identity 
of  a  singte  line  is  shown  by  its  tcrmination.  Near  the  upper  postcrior  angle  is  a 
minute  pin-hole,  the  parielal  foratnen.^  which  transmiLs  a  vein.  This  foramen  is  very 
often  wanting,  and,  when  visible,  may  be  closed.  Jn  iery  rare  cases  it  is  a  large 
hole,  which  may  even  admit  a  finger.  It  is  occasionally  double.  The  internal 
surface  is  smooth  and  glistening,  as  is  the  čase  throughout  the  inside  of  the  cranium. 
(t  is  marked  by  trec-like  j^ rojivj  for  the  branches  of  ttie  middle  meningeal  artery. 

P'lG.    133. 


Kighl  pa  I 


One  of  these  starts  close  to  the  anterior  Iowcr  angle,  being  at  first  very  deep  and 
sonietimes  a  canal  for  a  short  distance.  lis  sitiiation  is  excecdingly  constant.  One 
or  two  othcr  branches  appear  in  the  postcrior  half  of  the  lower  border.  The  superior 
longitudinal  sinus  resls  in  a  groo\e '  ronipleted  by  both  bones  alnng  the  upper  border. 
This  groove  is  rarely  svmmetrical,  lx^ing  generally  lai^est  on  tlie  right.  At  the 
Ijosterior  inferior  angle  there  is  a  smali  surface  completing  the  groo\'e"  of  the  lateral 
sinus  at  the  point  at  which  it  turns  from  the  occipital  into  the  temporal  bone,  Pacchi- 
onian  depressions  are  small  pils  of  vnrying  si/e  and  nuniber.  found  in  the  upper  piart 
of  the  inner  surface.  and  most  commoniv  near  the  groove  for  tho  l'jnjjitudinal  sinus, 
whirh  fontain  the  Pacchionian  lx>dios  of  the  arachnoid.  The  largest  might  receive 
the  tip  of  the  litde  finger. 

The  anterior,  superior,  and  posterior  l)orders  are  nit  jagged.  The  anterior 
horder  meets  the  frontal,  overlapping  it  1h--!ow,  overlapped  above.  The  superior 
bordif  mei-ts  that  nf  its  fellinv.      The  scrrations  are  most  de\eloped  in  the  middle. 
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the  end  of  the  suture  behind  the  parietal  foramina  being  nearly  straight.  The  pos- 
terior  border  interlocks  with  the  squamous  portion  of  the  occipital  by  a  very  irregular 
line  of  suture.  The  inferior  border ^  concave  in  the  middle,  is  bevelled  on  its  outer 
surface,  except  behind.  It  is  covered  anteriorly  by  the  top  of  the  great  wing  of  the 
sphenoid,  and  along  the  concavity  by  the  squamous  part  of  the  temporal.  The  pos- 
terior  portion  presents  a  point  at  the  back  of  the  concavity  which  fits  into  an  angle 
between  the  squamous  and  mastoid  parts  of  the  temporal.  Behind  this  it  is  thick 
and  jagged  for  the  top  of  the  mastoid  portion.  The  anterior  superior  comer  is  about 
a  right  angle.  The  in/erior  one  is  somewhat  drawn  out.  The  superior  posterior 
comer  is  rounded.     The  in/erior  is  cut  off. 

Parietal  impressions  is  the  term  applied  to  depressions  which  are  observed 
very  exceptionally  on  the  outer  surface  of  the  parietal  bones  above  the  parietal  emi- 
nences  and  h&r  the  upper  border.  They  are  usually  large, — i,e.,  some  seven  centi- 
metres  long  by  five  or  six  centimetres  broad.  Some  sections  have  shown  that  they 
involve  only  the  outer  surface  of  the  bone.  A  thinning  above  the  sagittal  suture 
has  also  been  observed,  and  even  one  over  the  lambdoidal  suture.  These  latter  are 
generally  considered  atrophic  changes  occurring  in  old  age.  The  same  explanation 
is  offered  for  the  parietal  impressions  proper,  and  very  possibly  with  justice  ;  stili,  the 
čase  is  reported  by  Shcpherd '  of  an  old  woman  who  remembered  having  them  ali 
her  life,  and  who  declared  that  her  father  had  them  likewise.  This  would  point  to 
their  being  occasionally  both  congenital  and  hereditary.  The  late  Professor  Sir 
George  Humphry  *  obser\'ed  them  in  the  orang-outang. 

Articulations. — Each  parietal  articulates  with  its  mate,  the  occipital,  temporal, 
sphenoid,  and  frontal  bones. 

Development. — A  single  centre  appears  in  the  membrane  at  the  end  of  the 

second  foetal  month.     According  to  Toldt  {Lotos,  1882),  this  is  double,  consisting 

of  an  upper  and  a  lower  part,  which  soon  fuse.     The  centre  becomes  very  prominent, 

and  bone-rays  extend  from  it,  making  the  bone  very  rough  till  after  birth.     The 

/ontanelles  at  the  four  corners  of  the  bone  are  discussed  in  describing  the  skull  as 

a  whole  (page  231).     The  radiating  lines  of  bone  leave  an  interval  near  the  back  of 

the  upper  border  of  the  bone,  called  the  sagittal  fontanelle,  which  closes  during  the 

^tter  part  of  fcetal  life.     According  to  Broca,  this  can  he  seen  at  birth  once  in  four 

tiines.     The  parietal  foramen  is  left  as  this  fissure  closes.     Its  occasional  great  size 

'S   accounted  for  by  irregularities  in  the  process.     \''ery  rarely  a  suture  divides  the 

F>arietal  into  an  upper  and  a  lower  portion. 


THE   FACE. 

The  face  consists  of  the  orbiis,  the  noše,  and  the  jaws.  Portions  of  the  sphe- 
'^^^Ki  and  the  ethmoid  form  a  considerable  part  of  it,  as  has  been  described.  The 
laci^l  bones  are  two  superior  maxiilce,  two  malar,  two  nasal^  two  iackrymai,  two 
j^^^*ie^  two  inferior  turbinates,  the  vomer,  the  ifi/erior  7naxilla,  and  the  hyoid, 
Th^  future  nasal  septum,  extending  in  the  median  plane  from  the  base  of  the  skull 
^^  the  upper  jaw,  is  very  early  developed  in  cartilage.  Ossification  progresses  from 
^J^I^^rficial  centres  on  either  side.  These  form  the  vertical  plate  of  the  ethmoid  and 
^^  v-omer  ;  but  a  considerable  part,  the  triangular  cartilage,  remains  cartilaginous. 

THE   SUPERIOR   MAXILLA. 

.  The  superior  maxilla  *  is  a  very  irregular  bone,  which  with  its  fellow  forms  the 

^*^rit  of  the  upper  part  of  the  face,  the  floor  of  the  orbit,  much  of  the  outer  wall  and 
y^^*^«"  of  the  nasal  cavity,  much  of  the  hard  palate,  and  supports  ali  the  upper  teeth. 
*^  «1^5  a  bod}\  and  maiar,  nasal,  alveolar^  and  palatal  processes.  The  general  shape 
^*  tHe  body  *  is  that  of  a  four-sided  pyramid  ;  the  base  looking  to\varcis  the  niisal 
^^"^ty,  one  surface  forming  the  flo(»r  of  the  orbit  and  the  other  t\vo  the  front  and 
*^^W  of  the  bone.   These  three  surfaces  meet  at  the  apex,  which  is  the  malar process.^ 

*  Journal  of  Anatoiny  and  rhysiology,  vol.  xxvii.,  1893. 
'  n>i(l,  vol.  vili.,  1S74. 

'llasllla.      ^Corpns  maiillnc.     ^  Proccsras  zygomaClcna. 
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This  is  a  rough  triangular  surfacc  articulatin^  with  the  malar,  often  pvrforated,  and 
s«ndinf;  downwar(l  a  smooth  ridjje  sepamtiiiij  ihe  anterior  and  posterior  surfaces ; 
the  (orincr  is  in  the  front  of  the  face,  the  lattcr  in  the  zygOinatic  fossa.  The  lower 
border  of  both  is  the  alveolar  procesi'  which  is  simply  a  curved  row  ot  tooth 
sockets  madc  of  very  Hght  plates  of  bone,  which  are  al»orbed  after  the  loss  of  the 
teeth.  The  palatal process '  joins  the  inner  side  of  the  body  like  a  shelf  and  supports 
the  anterior  part  of  the  alveolar  process.  The  nasal  procesi '  rises  from  the  anterior 
inner  part  to  meet  the  frontal  bone.  In  certain  parts  of  the  dcscription  it  is  con- 
venient  to  disre^rd  these  siibdivisions.  The  anterior  Burfacc  of  the  bone  forms 
the  lower  and  outer  boundary  of  the  nasal  opening,  which  is  finished  above  by  the 
nasal  bone.  On  the  entire  skull  this  aperture  resembles  an  ace  of  hearta  inverted. 
The  lower  boundary  of  the  opening  is  slightly  raised  and  smooth.  On  the  side  it  is 
sharp.  The  pointed  anterior  nasal  spine  projects  iorward  where  the  two  bones  meet 
below  the  o|>ening.'  Thcre  is  a  slight  depression^lhe  inrisor  or  myriiform  /ossa — 
over  the  lateral  incisor  tooth.  Extemal  to  this  is  a  ridge  cause<l  by  the  sockct  of  the 
canine  tootli.     Farther  outward  is  a  »cU-marked  hollow,  the  cattine  fossa.     Above 


itlvcvki  proc«u 


le  infra-orbital  foranien, 
iiirfacc  is  bounded  above 


Rltlil  mptrior  mailll*ry  booc. 


this,  abo>it  five  millimetrcs  bclow  the  eilge  of  the  orbit,  is  1 
transmitting  the  ner^■e  and  arterv  of  the  same  name.  This 
and  externally  by  the  malar  proces-s. 

The  zygoniatic  surface  is  in  the  niaiii  convc.\,  e.tcept  for  a  smooth  concavity 
iK-hind  the  malar  process,  The  lower  jiostcrior  portion,  the  tiiberositv ,''  is  rough, 
and  prescnts  al  its  iipper  part  t»o  or  threc  minute  posterior  denial  foramina*  by 
which  those  nen-es  enter  canals  in  the  bone.  The  smooth  superior  or  orbital 
surface,  slanting  a  tittle  downward  and  outuard,  is  triangiilar.  The  posterior 
bordor  is  free,  torming  the  lowcr  limit  of  the  sphcno-maxillary  fissitre,  and  ninning 
oblit|iiely  forward  to  ihe  malar  process.  The  anterior  border  passcs  outward  and 
backvard  to  the  same.  The  inner  border  is  in  the  main  antcro- posterior,  TTie 
hind  end  slants  outward,  articnlating  nith  the  little  triant^nlar  orbital  siiriace  of  the 
palatal.  Anterior  to  this.  the  Ijordcr  joins  the  os  plannm  of  the  ethmoid  ;  and  anterior 
to  the  latti-r.  at  the  !>ase  of  the  nasal  process,  lies  a  semicircular  indentation.  theVar^rv- 
tnal notch'-  thi- posterior  iMirder  .i[  \vhich  tonihes  the  lachrvmal  l>onf.  The  deep  !»/>-«- 
orbital f^roovc'  nins  inc)rL-  than  half  across  the  orbital  surf.ice  from  behind,  and  then 
'  For  a  miiri-  ik-I;iileil  ucomnl.  sit-  llie  stclkm  on  ihe  Nasal  Cavity. 
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becomes  a  canal,  opening  at  the  corresponding  foramen  in  front.  Occasionally  a 
suture  marks  the  course  of  the  canal.  The  internal  v^all  of  the  body  presents 
on  the  separate  bone  a  very  large  opening  into  the  antrum,  or  maxillary  sinus, 
which  is  much  reduced  when  the  other  bones  are  in  plače.  In  front  of  this  opening 
the  wall  is  smooth  and  concave,  forming  a  part  of  the  lachrymal  groove.  Near  the 
level  of  the  top  of  the  body  there  is  the  rough  horizontal  inferior  turbinate  crest  for 
articulation  with  that  bone.  The  wall  at  the  back  of  this  surface  has  a  vertical 
groove,  which,  when  the  palate  bone  is  in  plače,  forms  part  of  ih^  posterior  palaiine 
canaJ^  opening  near  the  back  of  the  hard  palate  and  transmitting  the  descending 
palatine  artery  and  the  artterior  palatine  nerve. 

The  malar  and  the  alveolar  processes  have  been  incidentally  described.  The 
nasal  or  ascending  process  rises  at  the  inner  side  of  the  orbit.  It  is  thin  below,  with 
an  outer  surface  towards  the  face  and  an  inner  towards  the  noše.  The  top  is  thick 
and  rough,  joining  the  frontal.  The  lachrymal groove^  for  the  tear-sac  and  the  nasal 
duct  begins  on  its  outer  surface  and  passes  down  behind  it,  making  a  deep  notch  at 
the  front  of  the  orbital  plate.  The  lower  part  of  the  process  extends  down  as  far  as 
the  inferior  turbinate  crest,  forming,  with  the  lachrymal,  the  inner  side  of  the  groove. 
The  point  of  junction  of  the  front  border  of  the  groove  with  the  orbital  plate  is 
usually  marked  by  the  lachrymal  tubercU.  The  inner  side  shows  above  at  the  pos- 
terior  border  some  cellular  spaces  completing  the  anterior  ethmoidal  cells,  bounded 
below  by  a  ridge,  the  crista  ethmoidalis,  which  articulates  with  the  front  of  the  middle 
turbinate  bone.  Below  it  the  bone  is  concave,  forming  part  of  the  vestibule  of  the 
noše  ;  above  it  is  plane  and  marked  with  vascular  grooves. 

The  palatal  process  projects  inward  from  the  anterior  two-thirds  of  the  body 
and  joins  the  alveolar  process  in  front.      It  is  very  smooth  above,  the  mucous  mem- 
brane being  lightly  attached  to  it.      It  is  slightly  concave  from  side  to  side,  and  has 
a  raised  ^^<^  in  front.      It  is  also  raised  alongthe  median  line  to  form  the  nasai  crest^ 
wii]\  its  fellow.     The  front  of  this  ridge,  cailed  the  incisor  crest,  suddenly  rises  to  a 
iiigher  level  and  juts  out  below  the  noše  as  the  anterior  nasal  spine,     The  vomer 
rests  on  the  ridge,  except  at  the  front,  where  its  plače  is  taken  by  the  triangular 
cartilage.     The  under  surface  of  the  palatal  process,  horizontal  behind,  slants  down- 
'*'ard  in  front  to  the  incisor  teeth.      It  is  rough  for  the  firm  support  of  the  mucous 
*penibrane.     The  median  surface  of  the  palate  is  rough  to  join  with  its  fellow.     A 
little  behind  the  incisors  it  shows  a  groove  in  the  lo\ver  part,  which  becomes  a  canal 
^^  the  upper,  and  opens  into  the  tloor  of  the  nasal  fossa  of  either  side.     Thus  there 
^T^  two  canals  above  and  one  below,  like  a  Y  placed  trans versely.     These  are  the 
^^«^»/f  of  Stenson,  which  transmit  an  artery  connecting  the  vessels  of  the  noše  and 
'"^outh.     Their  common  orifice  is  cailed  the  anterior  palatine  canal}     Into  this  open 
^^*^o    minute  canals,  the  left  anterior  to  the  right,  made  by  the  junction  of  the  bones. 
Tliese  are  the  canals  of  Scarpa,  and  transmit  the  naso-palatine  nerves.     They  are 
"y    rio  means  always  to  be  foimd.     The  canals  of  Stenson  represent  the  anterior 
P^l«i.tine  canal  of  lower  animals,  which  in  them  is  generallv  double  throughout.      In 
'^^^^ri  the  whole  opening  is  usually  closed  by  mucous  membrane.     The  back  of  the 
Pilate  process  joins  the  horizontal  plate  of  the  palate  bone,  which  completes  the 
palete  behind. 

The  antrum  or  niaxillary  sinus*  is  a  large  cavity  within  the  body,  the  shape 

^*  ^^kich  it  follows  in  the  main,  although  with  many  variations  of  size.     The  large 

PP^riing  on  its  inner  wall  is  much  diminished  when  the  palate,  the  ethmoid,  and  the 

inferior  turbinate  are  in  plače.     It  lies  near  the  anterior  end  of  the  lateral  wall  of  the 

^*^clle  nasal  meatus,  covered  by  the  middle  turbinate.     A  small  part  of  the  roof  of 

^Jj^  antrum  is  often  formed  by  the  palate  bone,  and  sometimes  the  cavity  extends  into 

^?   malar.     The  inner  and  most  of  the  posterior  and  outer  walls  are  generally  vcry 

^^^^^  as  is  also  the  roof,  except  around  the  infra-orbital  canal,  which  projects  into  the 

^^^iim.     The  development  outward  touards  the  malar  bone  varies  much,  as  does 

^•J^  clownward  and  fon\'ard  gro\vth  to\vards  the  alveolar  process.     The  lowcr  border 

^'  tile  antrum  is  usuallv  a  trifle  belo\v  the  level  of  the  floor  of  the  nares.      Accordinir 

^  ^.  Reschreiter,^  this  is  a  male  chanicteristic.      Be  that  as  it  mav,  it  certainlv  is  in 

•■^Ziir  Morpholoj;ie  des  Sinus  Maxillaris,  .Stuttj]:art,  187S. 

^  Salcas  lacrlmalls.     -CrUta  naMiIls.     '  Foramen  IocUItu m.     ^Sinuit  mazillarU. 
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accord  with  the  larger  aize  of  the  sinuses  in  man.  The  internal  surface  is  lar^el; 
smooth.  Bony  ridges  springinjr  from  various  parts  tend  to  subdivide  the  cavity. 
Tliey  somctimes  iorin  little  pockcts  above  the  teeth.  According  to  Gruber,'  it 
mav  in  rare  cases  be  completely  subdivided  into  a  smalier  posterior  chamber  and  a 
larjjcr  front  one,  bolh  of  which  open  into  the  nasal  cavity,  The  lowest  part  of  the 
antnitn  is  indented  liv  the  roots  of  the  molars  and  of  the  second  bicuspid,  at  least 
vcry  [requent]y.  The  first  and  second  molars  always  indcnt  it,  but  the  bicuspid  and 
the  wi3dom-tooth  may  not.     (For  further  details,  see  Teeth,  page  1556. ) 

Articulations. — AH  ihe  bones  of  the  face,  except  the  lower  jaw  and  the  hyoid, 
touch  the  supcrior  maxilla.  tt  has  been  described  as  the  key  to  the  architecture 
of  the  face.  The  palate  bone  both  completes  the  palate  and  lies  l>ctween  thb  bone 
and  the  pterygoids,  closing  the  posterior  part  of  the  opening'  into  the  antrum.  The 
malar,  joining  the  process  of  that  name,  makes  the  prominence  of  the  cheek  and 
helps  to  bound  the  orbit.  The  nasals  complete  the  anterior  nasal  aperture.  The 
Iachrynials  and  ethmoid  touch  the  inner  side  of  the  orbital  plate,  and  the  ethmoid 
the  inner  surface  of  the  nasal  process.     The  frontal  rests  on  the  nasal  process,  the 


Kighi 


inferior  turbinate  rests  on  the  inner  surface  of  the  maxilla,  and  the  vomer  on  the  crest 
made  by  the  union  of  the  palate  processes. 

Development  and  Changes.— There  are  certainly  four  chief  centres,  ali  ol 
which  nppear  at  about  the  end  of  the  sixth  week  of  fietal  life.  Three  of  them  fuse 
very  rajjidlv.  There  is  one  on  either  side  of  the  infm-orbital  groove,  a  malar  and 
an  orbilo/adal.  and  t>clow  and  internallv  ^palalinr.  The  fnurth,  the  intermaxitlary, 
stays  distinct  Innger.  It  comprises  the  front  of  the  palate  as  far  back  as  the  anterior 
palalinc  canal.  and  represcnts  a  vcrv  constant  separate  ossification  in  vertebrates, 
the  frema.vi/fa,  in  front  of  the  ma.\illa,  e.tcept  in  certain  mammals  in  which  it  is 
betttecn  them.  It  bcars  the  incisor  teeth,  and  at  the  third  fatal  month  fuses  with 
the  maxtlla.  As  the  intcrmaxillary  grows,  the  suturc  in  the  roof  of  the  mouth  per- 
sists  for  a  tirno.  It  is  very  plain  at  hirth  and  nftin  fnr  a  yiar  nr  two  laler.  Some- 
times  it  is  scen  in  the  adult.  At  tirst  the  posterior  suture  is  verv  close  to  the 
incisors.  but  as  it  grows  the  intermaxillary  f<irms  a  large  part  of  the  palate,  If 
detached,  it  is  seen  notchcd  tH'hind.  so  as  to  form  the  inner  vali  of  the  upper  part  of 
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Stenson's  canal.  The  sutiire  is  rarely  seen  above  and  never  in  front,  being  concealed 
by  the  plate  forming  the  front  of  tlie  bone.  Albreclit '  asscrts  that  each  intennaxil- 
laiy  is  double.  In  support  of  this  is  the  fact  that  in  cleft  palate  the  tissurc  does 
not  always  come  betweer  the  incisor  teelh  and  the  canine,  but  an  incisor  may  be 
iound  on  its  outer  side.  In  reply  to  this  it  has  been  pointed  out  that  three  incisors 
on  each  side  occasiunally  occur,  and  that,  as  anomalies  are  like1y  to  be  found  in 
groups,  this  is  merely  an  irregular  arrangement.  Moreover,  in  cascs  in  which  the 
deft  has  but  one  incisor  on  each  side  of  it,  it  is  well  argued  that  the  original  position 
ol  the  tooth-sacs  has  no  certain  relation  to  the  bones  (Th.  Kolliker'),  In  sup- 
port of  Albrecht  is  the  occasional  presence  of  a  line  subdividing  the  lower  surface 
of  the  premaxilla  ;  but,  on  the  other  hand,  it  is  not  certain  that  this  is  really  a 
suture,  and  there  seems  no  evidence  that  the  premaxilla  has  two  centres  of  ossifi- 
cation.  While  there  is  much  that  is  plausible  in  Albrecht's  views,  they  cannot  be 
considered  as  established. 

Sir  Williani  Turner '  thus  concludes  an  excellent  discussion  of  the  question  : 
"  What  is  yet  wanted,  however,  to  give  completeness  to  the  evidence  of  the  division 
of  the  intermaxillary  bone  into  an  inner  and  an  outer  part  is  the  discovery  that  the 
iDtennaxi11ary  bone  normall/  rises  from  two  distinct  centres  of  ossificalion,  one  for 
the  inner,  the  other  for  the  outer  part.     Of  this  we  have  at  present  no  evidence. 


Fig.  aa6. 


LachrymaJ  groove 


"Ut,  in  connection  wilh  this  matter,  we  ought  not  to  forgct  that  it  is  quite  recently 
*hat  the  embrjological  evidence  of  the  origin  of  the  intermaxillary  part  of  the  human 
"Pper  iaw  from  a  centre  distinct  from  that  of  the  supertor  maxilla  has  been  completed, 
Aod  yet  for  nearly  a  century,  on  such  minor  evidence  as  was  advanced  by  Goethe, 
— ■'viz.,  the  suture  on  the  hard  palate  exlending  through  to  the  nasal  surface, — 
*"atomist3  have  beheved  and  taught  that  the  human  upper  ja«-  represented  both  the 
sup^rior  and  intermaxillary  bones  in  any  other  mammal.  \Vhere  a  question  in 
"'JiTian  embryology  hinges  upon  an  exainination  of  parts  in  a  very  eariy  stage  of 
™^^'dopment,  wc  often  ha\'e  to  wait  for  many  years  before  an  appropriate  specimen 
™^l»   into  the  hands  of  a  competent  observer. ' ' 

The  upper  and  lower  sides  of  the  bone  are  at  first  very  near  together.  The 
***oth-sacs  are  directly  below  the  orbit.  In  the  latter  part  of  fatal  liff,-  the  antrum 
*Pp«ars  as  a  alight  pouch  groiving  in  from  the  nasal  side.  As  the  bone  grows,  the 
^'^trum  remains  for  some  time  on  the  inner  side  of  the  infra-orbilal  canal.  The  outer 
P**^  of  the  t>one,  especially  toivards  the  malar,  is  fillcd  \vith  diploe,  which  subse- 
^**^iltly  is  absorbed  as  the  sinus  extends  outward.  By  the  end  of  the  second  year 
"**  cavity  has  extended  above  the  first  permanent  molar  ;  by  the  tnelfth  or  thirteenth 
y*ar,  when  the  second  molar  has  appeared,  the  antrum  approaches,  though  it  has 
"**t  yct  reached,  its  detinite  shape.  [Turing  the  first  dcntition  it  is  separated  by  the 
»ncut  teeth  from  the  front  of  the  bone. 


^^       'Sur  les  guatres  os  intermaxillnires,  Soc.  d'Antropol.  de  Bnjxelles,  1883.     Die  morpho- 
™B»Srhe  Bedeutun^  der  Ktefer-.  Lippen-,  und  flesichtsspalten,  LanKenbeck'a  Archi\',  Ud,  xxi. 
„        '  L'eber  das  Os  intemiaxillare  des  Mcnschen.     No\a  Acta  der  Leopold.  Carol.  Akad.  der 
'*«tUrior5chen.  Bd.  xliii..  18S1. 

*  Journal  of  Anatomy  and  Physiology,  vol.  xix.,  1895. 
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After  ihe  loss  of  the  teeth  froni  old  age  or  othenvise  the  alveolar  process  k 
absorbed.     Scnile  atrophy  is  particularly  markc-d  in  this  bone. 

THE   PALATE   BONR 
This '  con^ists  of  a  korizonlal  and  a  vfHical  plate  and  ilirce  processes,  the  ^• 
ramidal,  the  orbital,  and  the  sphenoidal.    The  horizontal  plate '  is  quadrilateral.     It 
completn 


Fig.  «S. 


ith  its  IeUow  the  hard 
palate,  filling  the  space  left  vacant  be- 
tween  the  back  parts  of  the  superior 
maxillae.  Its  superior  surface  is 
smooth  like  the  rest  of  the  Iloor  of 
the  nares,  and  the  lowcr  rough,  but 
less  so  than  that  of  the  superior  max- 
illa.  The  anterior  border  hts  the  tnclc 
of  the  palatal  process  of  the  maxilla  ; 
the  inner  border  is  rough  to  meet  its 
fellow,  and  raised  into  a  nasal  crest 
mcetin^  the  t>ack  of  the  lower  edge 
of  the  vomer.  This  is  prolonged 
behind  to  form  with  the  other  the 
posterior  nasal  spine.  The  posterior 
border  is  smooth  and  concave  from 
side  to  aide.  The  outer  border  joins 
High.  ,BU.e  bon«  i™«  behind.  t^f'   vcrtical   plate.'     This   is   very 

thin,  wlth  an  outcr  and  an  inner  sur- 
face. It  is  surmounted  by  two  processes,  betwecn  which  is  a  dcep  nolch  which 
forms  three-ciiiarters  or  more  of  ihc  spkcno-palatme  foratnen*  when  the  bone  is  in 
]X>sition,  so  that  lx>th  processes  touch  ihe  body  of  the  sphenoid.  The  outer  surface 
]}rcsents  near  the  top  a  smooth  vertical  surface  forminR  part  of  \S\^  pierygo-maxillary 


VERTICAL  PLATE 


TUBEBOSITV 


OlfliMl  pr«:cu 


riuhl  palale  hoiic  in  |ilar 

fissure.     This  narrows  1>(.-low  Into  a  grfi 


nakcs   the  poslrrior  patatme 

canal  whcii  :ippliL'<l  to  the  (-orrtrsiiondin«  [rroovL-  in  the  m:ixilla.      In  front  of  thb 

surfare  is  at  tirst  nnigh  where  it  rcsts  ag:iinst  that  iHinc,  and  more  anterioriy 

n)th  \vherc  it  closts  thi-  lim-cr  pari  fif  the  opinintj  <i[  the  jiiUnini  by  an  irregular 
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prolon^tion,  The  inner  surface,  looking  towards  ihe  nasal  cavity,  is  free  and 
smooth.  It  is  crossed  below  ihe  middle  by  a  ridge,  the  inferior  lurbiiiale  crcs/'  (or 
thc  posterior  attachment  of  the  inferior  turbinate  bone.  Nearly  on  a  level  wilh  the 
base  of  the  notch  is  another  ridge  faindy  marked  behlnd  it ;  this  is  the  superior 
lurbinaie  cresl'  for  the  middle  turbinate  bone  of  the  ethmoid.  A  small  part  of  the 
(op  of  the  vertical  plate  looks  into  the  superior  meatus.  The  pyrainidal  process, 
or  tuberosity,  is  the  only  solid  part  of  the  bone.  It  projects  backward  and  some- 
what  outvvard  irom  the  lower  part  of  the  vertical  plate.  A  smooth,  hollowed, 
triangular  surface  tits  into  the  space  left  between  the  pterygoid  plates,  completing 
the  floor  of  the  pterygoid  fossa  ;  on  one  side  of  this  is  a  groove  for  the  front  of  the 
intemal  pterygoid  plate  and  on  the  other  a  rough  surface  for  that  of  the  ouler. 
Thua,  through  the  palate  bone,  the  pterygoids  support  ihe  back  of  the  upper  jaw. 
The  outer  side  of  the  process  rests  against  the  tuberosity  of  the  maxilla  in  front  of 
the  tip  of  the  external  ptervgoid  plate.  The  orbital  process,  is  the  nnterior  of  the 
lwo  processes  above  the  vertical  plate,  the  larger  and  higher,  so  called  because  it 
forms  a  small  part  of  the  tloor  01  the  orbit  near  its  apex  on  the  inner  side.  This 
little  surface,  on  the  outer  Mde  of  the  process,  is  triangular,  one  edge  articulating 
with  the  upper  iaw  and  one  nith  the  os  pianum,  the  hind  edge  being  free.  Another 
smooth  surface  looks  outward  and  backward  towards  the  5pheno-maxillary  fossa. 
It  is  separated  from  the  preceding  surface 
by  an  angle.  Three  other  surfaces  rest 
i^ainst  other  bones.  An  antero- inferior 
one  joins  the  maxilla,  sometimes  helping 
to  close  the  antrum  ;  an  anterior  one 
touches  the  ethmoid,  bounding  part  of  a 
celi ;  and  a  small  one,  just  at  the  top  of 
the  notch,  touches  the  sphenoidal  spongy 
bone.  The  posterior  or  sphenoidal 
process  has  a  narrow  up|«r  surface, 
»'hich,  joining  the  sphenoidal  spongy 
bone  near  the  base  of  the  internal  ptcry- 
g'oid  plate,  completes  the  pterygo-palatitie 
eattal.  This  surface  rcaches  the  edge  of 
the  vomer,  The  internal  surface,  slant- 
•"g  a  little  downward,  is  free,  looking  into 

the  nasal  fossa.     The  outer  surface  is  di-  Righiimi«iebe.ne,.iuutBsprct. 

vided  by  a  vertical  ridge  into  an  anterior 

part,  free  and  smooth,  looking  into  the  spheno-maxillary  fossa,  and  a  scale-like  pos- 
*^riorportion  which  rests  against  the  external  pterygoid  plate. 

The  Spheno-Maxillary  Fossa. — When  the  palate  bone  is  applied  to  the 
sphenoid  and  the  maxilla,  the  sphe^to-palatine  /oramen  forms  a  window  between  the 
'^^sal  chamber  and  a  little  hoilow,  the  spheno-maxillary  fossa ,  just  below  and  behind 
*he  apex  of  the  orbit.  The  posterior  wall  of  this  space,  formed  by  the  smooth  sur- 
"^^e  of  the  sphenoid  above  the  pterygoid  plates.  is  pierced  by  Ha^  foranien  rotiindum 
and  the  Vidian  canal.  Below.  it  narrows  funnel-like  into  X.'hc  poslerior  palaline  canal. 
Articulations.— The  palate  bone  articulates  with  its  fellow,  the  superior  max- 
"'*>"y,  sphenoid,  ethmoid,  vomer.  and  inferior  turbinate  bones. 

Development.— Ossification  begins  from  a  single  centre  appearing  in  mem- 
"'^ne  near  the  end  of  the  second  f<etal  month  at  about  the  junction  of  the  vertical 
""d  horizontal  ptates.  It  is  very  delicate  throughout  Icetal  life,  but  the  posterior 
I  ^^  edge  of  the  palate  is  very  early  much  dcnser.  Origina!ly  the  horizontal  plate  is 
'^'■Ser  than  the  vertical  one  ;  at  birth  they  are  about  equa!. 

THE  VOMER. 

The  vomer'  is  a  thin,  irregiilarh-  <juadrilateral  plate,  forming  the  back  ami  1ow(t 

^***^  of  the  nasal  septuni.     The  siipi-rtof  border  expands  laterally  into  ttto  m  ings,  or 

^'^,  which  articulatc  with  the  under  surface  of  tht-  N)dy  of  the  sphenoid,  and  euciose 

*  "»edium  groove  fur  the  ruslrum.      Laterallv,  the  wings  lit  under  the  vaginal  pro- 
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9i>.  oi  th«  sphenoid.     The  posterior  border  is  Iree.     Thick  above,  just  under  the 
:(  suv'u  rorrons  and  runs  downward  and  forward.      The  in/erior  border  fits 


between  the  nasal  crests  of  the  palatals  and  maxillie,  and  antcriorly  changes  its  direc- 
lion  so  as  to  rise  over  the  higher  incisor  crcsis  as  far  as  the  anterior  palatine  canaL 
The  anterior  border  is  the  longest.      Its 
Fi<i.  33».  upper  part   articulates  witli   the  back  of       Fig.  333, 

the  vertical   plate   of    the   cthmoid,    the 
lower  part  »ith  the  triangular  cartilage  of 
the  nasal  septnm.     The  latter  is  reccived 
intu  a  groove  whlch  inay  extend  behind 
the  vertical  plate.     The  sides  of  the  \'omer 
,e  (or     are    covered     with     mucous     membrane. 
[Jj*^      The  v    presen  t    a    few    irregularities,    the 
most  important  of  which  is  a  _^roove  on 
vumcr.  lupcTior  luri*«.        eithcr   sidc,    neafer    the   front   than   the 
back,   for  the  nasn-palatine  ner\e  :   and. 
just  anterior  to  this,  a  thickening  which  is  normally  insiRnificant, 
but  occaaionally  is  developed  to  one  side  or  the  other,  forming  a 
spur  which  may  nearly  close  the  passage. 

Articulations. — The  vomer  articulates  with  the  sphenoid. 
cthmojd.  palate,  and  supertor  maxillary  bones  and  the  median 
triangular  carlilage, 

Development. — It  Js  to  be  remembered  that,  although  the 
v()mer  becomes  through  ossification  one  of  the  separate  bones  of       vomer  trom  hrfoi« 
the  fncc.  at  iin  earlv  period  it  is  but  a  portion  of  the  septal  car-  »ndaim-B. 

tilagc  ttithout  anv  hint  of  dem  a  renti  on.  A  single  centre  appears 
t>efore  the  close  n(  the  secimrl  ftetal  month  in  the  membmne  at  the  under  border 
of  the  carlilage,  iihich  then  forma  the  septum.  This  grows  upvvard  on  either  side 
of  the  cartilage  untll  the  bone  is  cnmplete.  The  vonng  bone  shows  very  clearly 
its  formation  in  two  plales  :  but  in  the  adult  this  appears  only  in  [he  groove  between 
the  wings  and  in  the  lower  part  of  the  front  border,  which  stili  rcceives  the  triangular 
cartilagc. 
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The  lachr^mal  bone'  is  an  exceedingly  thin  osseous  plate,  litling  the  vacancy  in 
the  inner  wall  of  the  orbit  between  the  orbital  plate  of  the  ethmoid  and  the  ascending 
process  of  the  superior  maxilla.  It  is  quadrilateral,  the  long  diameter  being  vertical, 
ind  presents  an  outer  surface  directed  towards  the  orbit  and  an  inner  surface  toward5 
the  nasal  fossa.  The  latter  rests,  in  part,  against  the  turbinate  process  of  the  eth- 
moid, tvhich  more  or  less  overlaps  it.    It  closes  the  infundibulum  and  several  anterior 
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OiUIal  (uilace 


Rigfat  lichrymal  bone  in  plače, 


ethmoidal  cells.  The  loHer  and  anterior  portion  of  this  surface  lorms  a  part  of  the 
wall  of  the  middle  nasal  meatus.  The outcr  surface  is  subdivided  by  a  vertical  ridge,' 
marking  ofi  a  smaller  anterior  part,  which  forms  the  lachtymal groove ;*  and,  joining 
the  corresponding  groove  of  the  superior  niaxillar)-,  complete  the  la(hrymai  canal. 
The  posterior  part  of  the  orbital  surface  is  plane,  The  hamular 
profrss*  is  a  smaJl  longue  of  bone  curving  forward  from  tlie  lower  Fic-  335- 

part  of  the  dividing  ridge  to  form  the  posterior  border  of  the 
canal  at  the  floor  of  the  orbit.  The  descfnding  process  is  a 
downward  prolongation  of  the  grooved  portion,  forming  part  of 
the  wall  of  the  canal,  and  meeting  the  Iachrymal  process  of  the 
inferior  turbinate.  The  bone  also  articulates  with  the  frontal  by 
its  upper  surface,  and  with  the  front  of  the  os  planum  by  its  pos- 
terior border, 

Articulations. — The  lachrymal  articulates  with  the  eth- 
moid, frontal,  superior  maxillary,  and  inferior  turbinate  bones.         ^     _ _ 

Development. — Ossitication  is  from  a  single  centre  said  eTiijiiojd^r  cefis.  iower 
to  appear  in  the  eighth  ftstal  week,  although  the  variations  imp]y 
extra  ones.  Macalister'  enunierates  six  separate  ossicies  »hich 
may  occur  about  the  bone.  It  varies  greatly  in  size  ;  it  may  be  \i'anting,  though 
rarely,  and  sometimes  is  vcry  large.  A  considerable  development  of  the  hamular 
portion,  which  may  he  separate,  represents  the  condition  of  prosimians  and  platyrhine 
apes.*     It  may  be  subdivided  or  perforated.' 

'Proč.  Royal  SociHv,  1884. 

•Gegcnbaur:  Morpfi.  Jalirbuch,  Ud,  vii, 

'  Le  Double  :  Essai  sur  ta  MorphoKeiiie  et  len  \'ariations  du  Lacrynial,  1900 ;  and  Zabel : 
'Varietaten  und  VolIstandiKes  Kehicn  tlts  Triineiibeins  beim  Munschen,  Anat.  Helle.  Bd.  xv., 
Heh  I,  tgou. 

lO>lHt1i»Jc.    ' CriMa  ■■rriull*.    'Salcai  lairtmlta.    'H«™«!«  UcrlBi»ll». 
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THE  INFERIOR  TURBINATE  BONE. 
This  is  an  elongated  curved  bone '  placed  in  the  lateral  wa!l  of  the  nasal  cavity 
below  the  superior  and  middle  turbinates,  wliich  are  parts  of  the  ethmoid.  The  innei 
convex  sudace  is  pitted  and  grooved  by  the 
cavernous  tissue  beneath  the  mucoiis  membrane. 
This  condition  is  coiilinued  round  the  irtc  lower 
border  a  Uttle  way  up  the  ouler  side.     The  rert 


irbimiE«  h<mv  in  pUn.  Inner  aipcct. 


Fig.  »37. 


L>cbryin>] 


of  the  oiiter  surfacc,  overhanfpng  the  interior  nasal  meatus,  is  nearly  smooth.     The 

ends  of  the  bone  are  pointed.  They  are  connected  beIow  by  the  regular  curve  of 
the  inferior  border.  The  upper  border  is 
thin  and  irregular.  It  articulates  in  front 
wilh  ihe  inferior  turbinate  crest  of  the  max- 
lla.  Bchind  this  rises  the  laelirymal process  * 
—  the  highcst — to  meet  the  ]achrymal  bone. 
Posterior  to  this  the  niaxt//ary  firocess'  bends 
outward  and  downward.  It  does  not,  how- 
e^■e^,  usually  hook  over  the  upper  edge  of 
the  plate  bounding  the  entrance  of  the  an* 
trum,  but  meets  it  edge  to  edge,  consider- 
ably    reducing    the   opening.       Stili   farther 

biick  is  the  ctkrnoidal proceu^  mecting  the  uncinate  procesa  ;  and,  finally,  the  border 

rests  on  thv  inferior  turbinate  ridgc  of  the  palate  bone. 

Articulations. — The  inferior  turbinate  articulates  with  the  superior  maxillary, 

ethmoid,  palate,  and  lachrvmal  bones. 

Development. — Ossificacion   proceeds  from   a   single  center  which  appean 

almut  the  middie  of  fcctal  Itfe. 


Right  ii 
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THE  NASAL  BONE. 
The  two  nasal  bones'  bound  the  anterior  nasal  opening  above.  Each  one  is  a 
ffour-sided  plate  with  an  outer  and  an  inner  surface.  The  upper  end  is  thick  and 
jagged,  articulating  witb  the  frontal  above  and  aiso  behind.  The  anterior  border, 
^which  articulates  with  its  fellow,  is  thick  above  and  thin  below.  When  the  two 
txines  are  in  plače,  the  united  upper  portions  ol  these  borders  fonn  posteriorly  the 
Ttasai  crest,  whlch  articulates 
■vrnh  the  nasal  spine  of  the 
frontal,  and  sometimes  with 
the  vertical  plate  of  the  eth- 

moid  below  it.      The  pos- 

terior  border  joins  the  as- 

cending     process    of     the 

inaxilla.      The    thin   Iower 

border,   slanting  downward 

and    outward,    has    one   or 

two  indentations,    The  outer 

surface    is    broader    below 

than  above.     It  is  depressed 

iu  the  upper  third,  and  has 

there  a  foramen  for  a  vein. 

The  extreme  upper  part  of 

the  inner  surface  is  rough  i|        •''' 

to  join  the  frontal.     Below  / 

this    it    is    smOOth    where    it  Righi  nasal  bon*,  oulsr  and  i.met  ispecls. 

forms  the  front  of  the  nasal 

chamber  ;  the  lower  part  of  the  inner  surface  sometimes  seems  holloived  out.     A 

vertical grocie  for  the  nasal  nerve  entis  near  the  notch  in  the  louer  border. 

Articulations.^The  nasal  bone  articulates  wrth  the  frontal,  ethmoid,  superior 
majtilla,  and  the  oppositc  nasal. 

Development. — Ossification  spreads  from  a  centre  appearing  aboul  the  eighth 
weelc  of  fcEtal  life.  At  iirst  the  bone  is  broad  and  short.  Occasionally  a  Tittle 
Wonnian  bone  is  found  in  the  median  line  bctween  the  nasals  and  the  fronul.  The 
two  bones  sometimes  coossif j-,  after  the  fashion  of  apes.  Eiiher  a  vertical  or  a  trans- 
verse  suture  may  be  found. 

THE  MALAR  BONE. 
This  bone'  forms  the  prominence  of  the  cheek,  the  outer  border  of  the  orbit, 
most  of  the  wall  separating  the  orbit  from  the  temporal  fossa,  and  completes  the 
zygoniatic  arch.  For  simplicity  of  description  it  is  best  to  consider  it  a  diamond- 
shaped  bone,  wiih  an  outer  and  an  inner  surface,  four  angles,  four  borders.  and  one 
important  process,  the  orbital,  which  is  neither  an  angle  nor  a  border.  The  outer 
aaface  presents  a  slight  prominence,  the  tuberosity^  a  little  below  the  middie.  The 
surface  is  nearly  smooth,  except  that  near  the  lower  border  there  is  often  a  certain 
roi^hness  extending  onto  the  zygomatic  process  for  the  origin  of  the  masseter  muscie. 
The  greater  part  of  the  inner  surface  is  smooth,  looking  tovards  the  temporal  and 
z^omatic  fossK ;  but  a  roiigh  space  under  the  front  angle  joins  the  malar  process  of 
the  maxilla.  It  sometimes  helps  to  dose  the  antrum,  in  which  čase  a  part  of  it  is 
smooth,  being  lined  with  mucous  membrane.  The  superior  angle,  or /rontai process,* 
}oins  by  a  rough  surface  the  extcrnal  anpular  process  of  the  fronta!.  The  poslerior 
angle,  or  zygomaiic process^  more  prominent  below  than  above,  joins  the  zygomatic 
process  of  the  temporal,  passing  below  it.  The  anterior  and  the  infcrior  anghs 
have  no  special  names.  The  postero -superior,  or  temporal  border,  is  at  first  vertical, 
becoming  horizontal  towards  the  hind  end.  Near  the  lieginning  there  is  a  postcrior 
projection,  the  marginal process,  »hich  varies  considerably.  The  postero- in ferior, 
or  masseleric  border,  slightly  irregular,  is  free,  forming  the  lower  odge  of  tf;e  front  of 
the  zygoma.     Ttie  a ntcro- infcrior,  or  maxi!!ary  border,  is  slightly  conca\'c.     It  articu- 
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lates  with  the  front  of  the  malar  process  of  the  inaxilla,  bounding  extemally  the 
rough  surface  of  the  inner  side  of  the  malar.  The  ahtero-superior,  or  orbital  border, 
is  smooth  and  concave,  fonniag  the  extemal  and  most  of  the  inferior  boundarv  ol 
the  orbit.  The  orbital  plale,  or  process,  vhich  fonns  the  front  of  the  outer  wall  of 
the  orbit,  projects  inward  from  this  border,  joining  the  boae  at  nearly  a  right  angle. 


Fig.  139. 


It  is  narrow  in  front  and  broad  t>ehind,  where  its  antenor  surface  looks  towards  the 
orbit  and  its  posterior  iowards  the  teniporal  fossa.  Its  projecting  edge  is  jagged 
throughout,  and  in  front  mects  the  superior  maxilla.  Behind  that  it  joins  the  outer 
border  of  the  great  wing  of  the  sphenoid,  and  above  articulates  with  the  frontal.  Be- 
tween  thepart  meeting  the  niaxilla  and  tliat  meeting  the  great  wing  there  is  usually  a 

short.  smooth  surface  tx>und- 
FiG.  140.  ing  the  end  of   the   spheno- 

maxillary  tissure,  which  lies- 
between  these  bones  in  the 
lower  outer  angle  of  the  orbiL 
Two  foramina  on  the  orbital 
surface  lead  to  minute  canals. 
The  lower,  the  malar,^  opens 
on  the  outer  surface  of  the 
lx>ne ;  the  upper,  the  ttrm- 
poral,'  opens  on  the  back  of 
the  orbital  process.  They 
transmit  branches  from  the 
superior  maxillary  division  of 
the  fifth  ner\'e.  They  vary 
greatly. 

In  ali  mammals  the  pri* 

mary  function  of  the  malar  ts 

to  unite  tlic  maxilla  and  the 

temporal    bone.       Its    union 

primates  does  it  join  the  sphe- 


Rifht  malar  bonr,  Inner  upect. 


with  the  frontal  is  a  further  developmeni.     Only  in 
noid  and  separate  the  orbit  from  the  tem|>oraI  fos.sa. 

Articulationa.~The  malar  bone  articulates  with  the  frontal,  superior  maxillary, 
temporal,  and  sphenoid  bones. 

Development  and  Variations. — There  are  threc  ccntres  of  ossilication — an 
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snterior,  a  posterior,  and  an  inferior— appearing  tovards  the  end  of  the  second  fcfUl 
month.  They  fuse  in  the  course  of  the  third.  Sometimes,  but  very  rarely  in  the 
-^hite  mces,  the  bone  is  divided  by  a  tissure — as  in  some  apes— into  an  upper  and  a 
lower  part.  This  is  said  to  be  relatively  cominon  (seven  per  cent. )  in  the  Japanese. 
.A  division  into  three  has  been  seen.  The  roughness  for  the  masseter  sometimes 
gives  a  deceptive  appearance  of  a  separate  piece  to  this  portion.  On  the  other  hand, 
an  occasional  slight  horizontal  cleft  in  the  zygoinatic  process  is  probably  a  remnant 
of  a  division. 

THE   INFERIOR   MAXILLA. 

The  inferior  maxi]la,*  mandible,  or  lower  iaw  develops  in  two  symmetrical 
lialves,  nrhich  soon  fuse.  The  bone,  as  a  whole,  consists  of  a  central  part — the  body 
— forming  the  chin  and  supporting  the  teeth,  and  two  rami  projecting  upward  from 
the  back  on  either  side  and  articulating  with  the  glenoid  fossa  of  the  temporal. 

The  body  is  convex  in  front  and  concave  behind.  The  line  of  junction  of  the 
original  halves  is  the  symphysis,  marked  by  a  slight  line.  There  is  a  fonvard  pro- 
jection  of  the  lower  border  of  the  chin  which  is  a  human  characteristic.     A  snort 


distance  from  the  median  line  at  the  lower  border  is  the  menial  (ubtrcle*  bounding 
this  projection  !aterally.  The  alveolar  process,  above  the  lx)dy,  is  of  the  same  nature 
as  that  of  the  upper  iaw.  A  slight  depression.  the  inchor  fossa,  is  iound  be!ow  the 
teeth  of  that  name  on  the  front  of  the  bone.  The  menlal /oramcn  for  tlie  terminal 
branches  of  the  inferior  dental  ner\e  and  artery  is  rather  below  the  middle  of  the 
bone  under  the  second  bicuspid,  sometimes  jusl  before  it.  The  extemal  obligue 
line^  starting  from  the  mental  tubercle,  passes  beloiv  the  mental  foramen  into  the 
front  edge  of  the  ramus.  Sometimes  it  seems  10  spring  from  the  lower  border  under 
the  molar  teeth,  and  sometimes  both  these  origins  may  be  preaent  at  once.  On  the 
lower  border  of  the  bone,  rather  to  its  inner  side,  there  is  a  roiigh  oval  behind  each 
mental  tubercle  for  the  anterior  belly  of  the  digastric  muscle.  The  inner  side  of  the 
bD(ly  is  in  the  main  smooth.  The  sttperiot  and  inferior  g  eni  al  luberdes'  are  two 
pairs  of  small,  sharp  spines  near  the  lower  part  of  the  inner  side  of  the  symphysis  for 
the  gcnio-glossi  and  genio-hyoid  muscles  respectively.  The  irUemal  ob/igue  line 
begins  at  first  very  intiistiiictly  near  the  genial  tiiliercles,  ;ind  is  lost  011  the  inner 
ade  of  the  ramus.      It  is  particularly  prominent  iindcr  the  moUirs,  and  gives  attach- 
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ment  to  the  niylo-hyoid,  which  forms  the  muscular  partition  separating  the  oral 
cavity  from  the  superficutl  region  under  the  chin.  Thcre  i»  a  faint  holloK-,  the  sk6- 
lingital/ossa,  above  it,  below  the  incisors,  for  the  sublingual  gland  lying  beneath  the 
mucous  membrane,  and  a  deeper  one,  the  subniaxillary  /ossa,  for  the  subniaxillaTy 
gland  below  the  hne  near  the  junction  of  the  body  and  ramus. 

The  ramus,  whtch  joiiis  the  body  at  an  angle  of  from  iio°  to  120°  in  tbe 
adult,  13  a  four-sided  plate  with  an  outcr  and  aii  iiiner  surface.  The  point  of  union 
of  the  posterior  and  inferior  borders  is  called  the  anglc,  aiid  is  gencrally  turned  out- 
ward  w!th  a  lip,  which  helps  to  form  the  under  part  oE  the  masselerU  /ossa,  on  its 
outer  side,  for  thac  muscle.  When  well  marlced,  it  represents  the  fossa  which  is  so 
Striking  in  the  carnivora  and  some  other  orders.  The  fossa  is  not  altt'ays  present, 
the  muscle  being  thcn  inserted  into  a  roughness.  At  the  front  of  this  space  the 
lower  border  of  the  bone  is  often  grooved  by  the  facial  artery  crossing  it.  A  projec- 
tion,  known  as  the  lemurine  proeess,  may  extend  from  the  angle  either  backward  or 
downward,  but  is  not  often  large.  The  lower  border  of  the  ramus,  whcre  it  joins 
the  bodv,  often  prcsents  a  concavily,  which  is  somctimes  very  marked,.  givJng  a 
peculiar  outline  ;  it  is  named  the  anlegonium  by  Harrison  Allen.     There  b  a  rougb* 


ness  on  the  inncr  side  of  the  ramus  at  the  angle  for  the  internat  pterj-goid,  About 
on  a  line  with  the  frec  edge  of  the  alvcolar  process  is  the  lowest  point  of  the  inferior 
dftital /oramcti ,'  an  opening  into  the  inferior  dcntal  canal  for  the  ncr\e  and  artery  to 
the  teeth  ;  the  foramtn  is  guardcd  in  front  by  a  sharp  [joint,  the  lingula.  A  hint 
groove  is  continued  from  this  opening  bc.'Iow  the  intcnial  oblique  line  (or  the  mylo- 
hyoid  vessels  and  ncr\c.  The  front  border  ()f  the  ramus  is  thick  l»low  and  naiTOW 
abovo,  tthere  it  becomes  the  coronoid prociss'  pointing  u|iward  and  outuard,  into 
which  the  temporal  muscle  is  inserted.  The  ouUt  Kirdcr  of  the  thick  part  is  made 
by  the  cNternal  ubltque  line,  which  is  continiied  into  the  ihin  edgi-  ;ilKive  ;  the  inner 
l)or<lir  is  continueil  fn)m  the  inner  edge  of  tho  iilveolar  process.  ur  somctimes  from 
the  internat  ol)lique  line.  It  ends  on  the  iniu-r  surface  of  the  caronoid  procesa. 
The  [josterior  tK)rder  <if  the  ramus  stanis  upMard,  t>;ukward,  ■m1(\  :i  litde  outvard. 
It  is  rough  ;il  the  angle  and  smooth  aimvc,  whcri'  it  »idens  to  form  the  Kick  of  the 
kiaii  I1T  foudvl,:'  This  pn-sinls  an  :iriiiiilar  surfaic  c(«ive.x  from  tx>forc  backvard 
ami  hifihcr  at  ttic  midilli'  Ihan  at  the  ends.  Tliv  longcst  diamitir  is  not  <juite  trans- 
vtrst-.  fiir  the  axes.  if  pn.longiil,  wonid  mect  near  tlii-  front  of  the  for;imen  magnum. 
Thi.ru  i-i  a  prctiv  distimt  tiitHrdt;  at  ihe  niilor  an.i  inner  ends.      The  condvle  has 
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tiie  appearance  of  being  set  rather  on  the  front  of  the  neck, '  which  is  merely  a 
constriction  below  the  head  ;  the  articular  surface,  however,  extends  at  least  as  far 
<lown  behind  as  in  front.  There  is  a  depression  for  a  part  of  the  insertion  of  the 
external  pterygoid  on  the  front  of  the  neck  internal  to  the  sigmoid  notch,^  which 
is  the  deep  depression  separating  the  coronoid  process  from  the  condyle.  The- 
dental  canal*  sweeps  downward  and  fonvard  with  a  slight  curve,  and  then  runs 


Fig.  245. 


horizontali/  nearer  the  lower  than  the  upper  border  of  the  body  of  the  iaw.'  It 
lies  at  first  against  the  inner  uall,  but  soon  is  nearer  the  outer.  This  relation 
then  varies,  but  towards  the  anlerior  end  of  its  course  it  is  against  the  inner  wall. 
It  divides  under  the  second  bicuspid  into  the  mental  cana/.  some  five  milUmetres 
long,  running  to  the  mental  foramen,  and  into  the  incisive  cana/,  muc))  smallcr,  (or 
the  vcssels  and  nenes  of  the  front  teeth.  which, 
after  dividing,  is  lost  in  the  cancellatcd  tissue  under 
the  lateral  incisor.  < 

Structure. — The  jaw  is  of  very  tough  bone, 
especially  at  the  syiiiphysis,  where  it  is  alniost  solid. 
On  section  the  body  shows  very  thick  walls  below, 
before,  and  behind.  The  alveolar  processes.  on  ihc  '^' 
contrary,  are  made  of  \ery  light  plates  that  are  ab- 
sorbed  rapidly  after  the  loss  of  the  teeth. 

Development  and  Growth. — Thetwohalves 
of  the  inferior  niaxilla  are  formed  separately,  each 
(rom  six  centres.  They  are  at  tirst  connected  by 
ligament.  Even  before  birth  the  union  seenis  very  ; 
dose,  but  they  Ijecome  coossitied  only  in  the  course 
of  the  first  year.  The  centres  appear  from  tlie  sixth 
»o  the  eighth  wcek  of  fcetal  life  in  the  membrane  of  ^ 
>Ieckel's  cartilage,  except  as  otheruise  mentioned. 
'They   fuse  during  the   ihird    month.       The  centres 

sire:  (i)  the  dentary,  u-hich  is  a  line  of  ossific  deposit  forming  the  lower  border 
and  the  front  of  the  alveolar  process  ;  (2)  one  in  the  distal  end  of  Meckers  carti- 
lage, for  the  region  of  the  avmphvsis  ;  (3)  one  for  the  coronoid  ;  (4)  one  appearing 
in  cartilage,  not  that  of  Meckel,  for  the  condyle  and  top  of  the  ramus  ;  (5)  one  for 
the  angle  ;  (6)  the  spicnial,  for  the  inner  alveolar  plate,  extending  back  to  inctude 
the  lingula.  This  one  appear^i  some  three  »eeks  later  than  the  others.  Stili 
another  minute  one  is  said  to  help  to  form  the  mental  foramen  (Ramliaud  et 
Renault).  Ali  these,  except  that  for  the  condvle.  which  unites  at  fifteen,  fuse 
shordy  after  their  appearance.  The  mandiblc,  being  al  first  nothing  but  a  hollow 
bar  to  hold  tooth-sacs,  is  very  shallow.  The  ramus  is  small,  the  head  bent  back- 
»■ard  and  the  angle  ven,-  large.  At  birth  it  is  abont  140°.  With  the  loss  of  teeth, 
from  whatever  caiise,  the  alveolar  process  atrophies.  In  old  age  the  bone  is  very 
small  and  of  light  structure,  and  the  angle  enlarges  considerably,  so  as  to  mimic 
the  infantile  form. 


:Ju. 
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THE  TEMPORO-MANDIBULAR  ARTICULATION. 
This  is  a  compound  joint,  the  elemetits  of  which  are  the  tocket,  the  cimdyle,  and 

the  ttuniscus,  an  intra-articular  dislc  of  fibro-cartili^e,  dividing  the  cavity  into  an 

upper  and  a  lower  part,  both  being  enclosed  by  one  tapsular  membrane.    The  socket 
includes  the  glenoid   fossa  and  the  articular 
Fig,  146.  eminence  of  the  temporal  bone.      The  articu- 

lar coating  of  the  aocket,  which  b  coDtinued 
onto  the  front  of  the  articular  eminence,   b 
itcty(ii«i     not  trne  cartilage  (Langer),  though  rescm- 
bling  it  to  the  naked  eye.      The  socket  i* 
bounded    behind   by   the  fissure   of    Glaser. 
The  tympanic  plate  behind  it  b  covered  by 
areolar  tissue  and  a  part  of  the  parotid  gland, 
which  extend  to  the  back  of  the  head  of  the 
jaw  and  make  the  sncket  much  naiTOwer  and 
deeper  than  it  seems  on  the  dry  bone.     The 
intra-ariicular fibro-cariilage^  is  oblong  trans- 
versely  with  rounded  angles.     It  rests  more 
on  the  front  of  the  condyle  than  on  the  top. 
It  is  concave  both  above  and   below,   being 
moulded  on  the  eminentia  articularis  and  on 
the  condyle.     It  inay  be  merely  one  millimetre 
.«Lc.«     »-.»......»u...  ......u....».  ....    ....     thick  in  the  middle,  and  is  said  to  be  some- 

oi*"'tii  "  times  pcrforated.     The  thick  posterior  border 

fils  into  the  highest  part  of  the  socket.     The 

eapsule,  lax  and  weak,  is  attached  to  the  borders  of  the  articular  siirfaces  and  to  the 

edges  of  the  intra-articular  fihro- cartilage.     The  e.vfcnial  lateral  ligameni*  is  a  com- 

parativcly  strong    collcction  of  fibres,   strengthcning  the  capsule    externaI1y.      The 

tibres  run  downward  and  back- 

ward  from  the  tubercle  on  the  P>o-  i47- 

zygonia.  at  the  outer  end  of  the 

articular  eminence,  to  the  outer 

side  of  the  neck  as  far  as  the       g^^  , 

hind  trerder.     The  effect  of  ihb  me^ 

insertion  is  to  plače  the  trans- 

verse  axis  of  rotation  of  the  jav, 

not  in  the  head  of  the  mandible, 

but  in  the  neck.     The  capsule     S(yioid 

receives  at  the  front  and  inner 

side  two  ttands  of  fibrous  tissue 

continuous  with  the  dura  mater, 

which  passes  through  the  fora- 

men  ovale  around  the  third  di- 

vision  of  the  fifth  ner\e.'     The 

tpheno-mandibuiar     ligameni,* 

formerly  improperly  called   the 

internat  lateral,  is  a  weak  tibrous 

structure    originali y    developed 

around  a  part  of  Meckcrs  car- 
tilage.    It  runs  from  the  spine 

of  th(*  sphcnoid  to  the  lingula 

without     cnnnection    with     the 

joint.      The    rai»5ute  is  far  too 

loose  to  hold  the  jaw  firmlv  in  plače,  hence  it  is  suppiementcd  by  the  powerfuI 

niuacles  of  mastication.      Ono  of  thesc.  the  cxternal  ptcrvgoid,  is  inscrtcd  into  both 

tlu-  head  of  the  lower  j;iw'  and  iho  meniscus,  uhich  it  draws  forward,  bcing  incorpo- 
'F;iw.-,'II  :  J.ium^il  <.f  Anau.mv  mul  rhvsiulog)-,  vol.  xxvii.,  1893. 
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rated  with  the  front  of  the  capsule.     The  styh-maxiUaiy  ligament  is  a  bundle  of 

fibres  of  the  cervical  fascia  running  from  the  styloid  process  to  the  angle  ol  the  jaw. 
Hovcments. — These  occur  on  both  sides  of  the  meniscus,  whlch  slides  for- 

vard  and  backward  on  the  articular  eminence.      They  may  be  divided  into  those 

of  opening   and  closing  the  mouth  and  of  grinding  the  teeth.      In  the  former, 

as  the  mouth  begins  to  open,  the  meniscus  and 

the  head  of  the  jaw  move  forward,  the  condyle 

at  the  same  tirne  advancing  on  the  former  as 

the  lower  jaw  turns  on  a  transverse  axis  pass- 

ing  through  the  neck  in  both  halves  of  the  iaw. 

This  continues  as  the  mouth  opens  wider,  the 

meniscus  descending  onto  the  articular  eminence, 

and  probably,  when  the  movement  is  extreme, 

rising  a  little  on  the  other  side.     This  has  been 

£raphically  demonstrated   on    the   Uving    by  an 

apparatus  beaiing  luminous   points  at  the  aym- 

physis,   the  condyle,  and  the  angle  of  the  javv, 

irhich  were  photographed  as  the  mouth  opened 

tO  various  widths.      It  was  shown  that  the  for- 

ward  movement  of  the  meniscus  occurs  even  in 

a  very  slight  opening  of  the  mouth.     The  angle 

of  ihe  }aw  moves  fonvard  at  the  very  beginning 

oi   the   act,    but   soon    passes    backward.       The 

point  on  it  describes  some  very  comple«  curves. 

Grinding  movements,  in  which  the  mouth  is  not 

opened,  must  occur  chiefly  between  the  skull  and 

the  meniscus  ;  just  what  occurs  below  the  latler 

is  uncertain.     The  !ower  jaw  can  be  thrust  (or-  Demno. 

ward  evenly,  as  the  meniscus  of  each  side  de- 

scends  onto  the  articular  eminence  ;  but  in  ordinary  motions  it  seems  to  advance 

on  one  side  and  perhaps  to  recede  on  the  other.     Spee '  has  shovcn  that  the  opposed 

crowns  of  the  molars  (and  apparently  of  the  premolars  aiso)  fall  on  the  are  of  a  cir- 

de  that  touches  the  front  of  ihe  condyle,  drawn,  when  projected  on  a  plane,  from  a 

centre  on  the  crest  of  the  Iachrymal  bone.     This  allous  the  teeth  of  the  lower  3aw  to 

slide  on  those  of  the  upper,  which  the  joint  wouId  not  allow  wcre  the  line  between 
the  leeth  a  slraighl  one.  To  this  may  be  added 
that  the  inferior  inctsors  rest  against  the  lingual 
surfaces  of  the  superior,  and  that  the  tendency 
of  the  edges  of  the  former  to  make  a  transverse 
arch,  increased  by  the  wearing  away  of  the  outer 
corners  of  the  lower  lateral  incisor^,  implies  an 
altemate  rising  and  falling  of  either  side  of  the 
jaw  in  grinding  movements  with  the  mouth  closed, 
though  the  axis,  in  the  main  antero-posterior,  can- 
not  be  a  tixed  one.  It  must  be  remembered  in 
this  connection  and  in  the  mechanics  of  the  jaw 
throughout  that  the  range  of  variations  is  great, 
and  that  there  is  frequently  a  want  of  symmetry 
in  the  joints.  This  want  of  precise  working  is  in- 
creased by  the  laxily  of  the  ligaments  and  the  num- 
ber  of  muscles  acting  on  various  parts  of  the  jaw. 
Developmcnt,— The  tympanic  portion  of 
the  temporal  being  at  hirth  nothing  but  the  ring, 

it  is  evident  that  the  joint  belongs  solely  to  the  squamous  portion,  and  is  alH-ays 

bounded  by  the  fissure  of  Glaser.     At  this  age  the  glenoid  fossa  is  nearly  flat  and 

the  eminentia  articularis  but  slightly  raised.      Even  after  birth  the  joint  ljelow  the 

meniscus  is  very  slight,  so  that  but  little  motion  can  occur  in  it,  while  the  meniscus 
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itself  can  play  freely  on  the  flat  glenoid.     The  socket  gradually  deepens,  and  as- 
sumes  something  like  its  definite  shape  apparently  in  the  course  of  the  third  year. 

THE   HYOID   BONE. 

This  is  a  U-shaped  bone  *  not  in  contact  with  any  other,  situated  below  the  jaw 
and  above  the  larynx,  \vith  which  its  physiological  relation  is  intimate.  It  gives 
origin  to  a  large  part  of  the  muscular  fibres  forming  the  tongue.  It  consists  of  a 
central  body,  elongated  transversely,  and  of  a  pair  of  greater  and  lesser  horns,  The 
convex  anterior  surface  of  the  body  looks  fonvard  and  upward  ;  the  posterior  surface, 
which  is  deeply  hoUovved,  faces  in  the  opposite  direction.  The  front  surface  is  divided 
by  a  median  and  a  transverse  ridge  into  four  spaces,  of  which  the  upper  are  the 
larger.      The  greaUr  cornua  extend  with  a  curve  backward  and  a  little  upward. 

They  are  broadest  at  their  front,  and 
Fig.  250.  as  they  pass  backward  are  soniewhat 

twisted,    so    that    the   upper  surface 

comes  to  look  outward.   Each  ends  in  a 

small  knob.    They  are  connected  with 

I— Gr«itcornu     the  body  sometimes  by  fibro-cartil^e, 

occasionally  by  a  synovial  joint.  The 
lesser  cornua,  slender  processes  some 
five  millimetres  long,  are  the  bony  ter- 
minations  of  the  stylo-hyoid  ligaments. 
There  is  usually  a  synovial  joint  bc- 
imaiicornu  tween  thcm  and  the  body,  which  thcy 
join  at  the  ends  of  the  upper  border. 
They  may  be  connected  by  ligament, 
and  are  not  very  rarely  wanting,  which 
simply  means  that  ossification  has  not 

The  hyoid  bone  from  in  front.  OCCUrrcd     at     thc    lower    ends    of     thc 

stylo-hyoid  ligaments.  The  outline 
of  the  body  and  greater  horns  is  easily  felt  from  the  surface,  and  the  whole  bone 
can  be  grasped  and  moved  from  side  to  side. 

Developnient. — As  embryology  shows,  the  basihvoid,  or  body,  is  connected 
with  the  second  visceral  arch  through  the  stylo-hyoid  ligaments,  the  lower  ends  of 
which  become  the  lesser  horns,  or  ceratO'hyoids,  and  with  the  third  arch  by  the 
greater  horns,  the  thyro-hyoids.  Tlie  bone  ossifies  in  cartilage,  two  nudei  appearing 
(according  to  Sutton)  in  the  fourth  fcctal  month,  one  on  each  side  of  the  median 
line,  and  speedily  fusing.  A  nucleus  appears  in  each  greater  horn  in  the  fifth  month. 
Statements  as  to  the  time  of  appearance  of  ossification  in  the  lesser  horns  vary  from 
a  few  months  after  birth  to  the  end  of  adolescence.  The  latter  is  probably  nearer 
the  truth.  The  greater  horns  rarely  coossify  \vith  the  body  before  forty-five,  but 
after  that  age  not  infrequently.  Indeed,  in  old  age  they  are  generally  joined.  The 
lesser  horns  are  rai;ely  Consolidated  before  advanced  age. 

THE   SKILL  AS   A   WHOLE. 

In  connection  \vith  the  description  of  the  skuU  as  a  wholc,  \vhich  is  not  intended 
to  rccapitulatr  the  points  already  mentioncd,  but  to  discuss  the  general  features, 
(•s|Knially  ihost*  resulting  from  the  aj)position  of  the  distinct  parts,  let  it  be  remem- 
brrfd  that  the  skull  is  an  egg-shaped  structure,  and  that  thc  face  is  placed  under  its 
antrrior  and  middlo  fossa\ 

Thc  Cranial  Sutures. — There  are  three  antero-posterior  sutures,  a  median 
and  a  lateral  one  on  each  side,  and  t\vo  transverse  ones.  The  median  antero- 
ix)steri()r  siiturr  is  the  sagitiai \^  it  lies  hetueen  the  parietal  bones,  and  is  jagged, 
<-xccf)t  at  thc  |)<»steri(>r  part,  whirh  is  usuallv  straight.  Occasionallv  the  meiopic 
suturr'  persists  In-tut-cn  the  original  halvrs  nf  the  frontal  bone.  It  is  rarely  in  direct 
fontinviation  with  tlu-  siigittal.  The  corona!  suiure^  crosses  the  top  of  the  head,  sep- 
arating  thc  frontal  from  the  parictals.      It  ends  at  the  top  (.>f  the  grcat  wing  of  the 

>  (N  tayoi4runi.     *  Sutura  MglttalU.     "^  S.  frootaH«.     ^S.  corooaliii. 


THE  SKULL   AS   A   WHOLE.  217 

sphenoid  below.  Its  termination  is  at  a  vague  region  where  several  sutures  approach 
one  another,  called  the  pUrion.  In  the  lower  races  occasionally,  but  rarely  in  the 
liigher,  the  lower  end  ol  the  coronal  Is  continuous  with  the  suture  between  the  squa- 
xnosal  and  the  great  wing,  in  which  čase  two  sutures  croes  each  other  at  right  angles, 
and  the  pterion  is  a  detinite  point,  an  ape-hke  feature.  If  the  lower  corner  of  the 
parietal  bone  is  carried  downward,  and  the  suture  between  the  great  uing  and  the 
lower  border  of  the  frontal  falls  considerably,  the  general  plan  is  that  of  an  H,  the 
cross-piece  being  ihe  suture  between  the  parittal  and  the  sphenoid  ;  but  the  H  'S 
not  often  very  clear.     A  separate  bone,  the  epipieric,  is  occasionally  lound  in  this 


'arngatar  lafercHh 
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I"^8ion.  (See  under  Gro\vlh  and  Age  o[  the  Skull.)  The  lanibdoidal  suture'  starts 
■"Orti  the  lop  of  the  niastoid  on  each  side  to  run  upw3rd  and  backward  to  a  point 

^^iparating  the  occipitul  froni  the  pariclals,  the  interlocking  tt-tjth  being  very  long. 
^"/hat  is  practically  a  continnation  of  this  suture  runs  dowiiward  between  the  oc- 
^»pital  and  the  mastoid.  Wnrmian  bonea  are  often  found,  and  sonietinit-s  in  great 
*^umbers,  in  the  lainbdoidxil  suture.  Somctimes  thcre  is  a  very  large  Iriangular  one 
^^Kcupving  the  plače  of  the  upper  part  of  the  occipital.  Such  a  one  may  Ik'  sub- 
^ivided.  Wc  incline  to  consider  it  a  VVortnian  btme  rather  than  a  rt-prcseiitati\-e  of 
t-he  inter|iarietal 
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The  UUeral  anUro-posterior  suiure  begins  at  the  root  of  the  noše  and  runs 
through  the  orbit  to  the  side  oi  the  head,  ending  at  the  lambdoidal.  Ita  varioua 
parts  are  named  frotn  the  adjacent  bones.  Thus,  it  begins  with  \}ae:  fronto-nasal,  to 
continue  between  the  frontal  and  the  foUowing  bones  :  the  supenor  [naxilla,  the 
lachrynial,  the  os  planum  of  the  ethmoid,  the  body,  the  lesser  and  greater  winga  of 
the  sphenoid,  the  malar,  and  in  the  temporal  fossa  the  great  wing  of  the  sphenoid 
again.  Then  behind  the  coronal  it  nins  between  the  parietai  above  and  the  sphenoid 
and  temporal  below. 

Fig.  353. 
tnlerloT  Icniponl  Hae  Co 


.  THE  EKTERIOR  OF  THE  CRANIUM. 

Superior  Aspect.' — This  is  oval  and  broader  behtnd  than  in  front,  shotrii^ 
the  coronal,  sagittal,  and  the  top  of  the  Eambdoidal  sature.  On  either  side  is  the 
parietal  emitunef,  and  in  front  the  smallcr  frontal  ones.  The  superior,  and  perh^js 
a  little  of  the  inferior,  curved  lines  appear  laterally.      It  is  rarely  quite  syninietrical. 

Posterior  Aspect.* — This  is  circular  in  outUne,  or  sometimes  tive-sided,  having 
an  inferior,  two  lateral  (nearly  vertical),  and  two  oblique  superior  borders.  Below 
the  middie  is  the  extfmal  occipUal  protuberanee,  »'hich  is  beneath  the  most  posterior 
point  of  the  slciill. 

Lateral  Aspect.' — This  shows  nothing  of  the  face  that  has  not  been  mentioned. 
The  sygoniatic  arcb  is  prominent,  hridging  over  a  deep  hollo«-.  The  part  of  the 
hollow  abo^■e  the  arch  is  the  temporal  fossa.  deepest  in  front,  and  near1y  filled  by  the 
temporal  mnscle.  The  inncr  wall  is  fiimied  by  the  stjuamosal  and  the  great  wtng  <rf 
the  sphenoid  ;  the  front  one  chiefl_\'  by  the  orbital  plate  of  the  malar.  The  infra- 
temporal rrest  on  the  great  uing  scparates  the  temporal  fossa  from  the  svgomatic  fotsa 
bi-l<iw.      fThc  latter  fos.sa  is  describcd  with  the  face,  page  227. )     The  two  temporai 
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lities  are  to  be  seen  in  whole  or  in  part.     The  inferior  always  ends  in  the  supra- 
mastoid  ridge.     The  mastoid  process  varies  much  in  developmeni. 

Aaterior  Aspect.'— The  cranial  portion  of  the  skuU  Js  seen  only  above  the 
orbita  and  the  root  of  the  noše.     Much  of  its  lower  part  is  occupied  b/  the  fronul 


Inferior  Aspect.* — (The  lower  jaw  ts  supposed  to  be  removed.)  This  aspect 
niay  be  divided  into  three  regions  by  two  cross-lines,  one  being  at  the  roots  of 
the  ptery|;oid  piates  and  one  at  the  front  edge  of  the  foramen  magnum.  Passing 
froro  behind  fonvard,  near  the  posterior  surface,  are  seen  the  extemal  occipUal  pro- 


■htherance  and  the  superior  and  inferior  eurved  Knes.  In  front  of  the  latter  the 
•occipital  bone  is  convex  to  the  outer  side  of  the  foramen  magnum.  A  hne  con- 
necting  the  backs  of  the  Condyles  halves  the  foramen  magnum.  The  mastoid  pro- 
tesses  appcar  latcrally.  Internal  to  them  are  the  digasiric  groovfs.  and  just  internat 
to  these  the  ocnpifa!  graovei:.  nearlv  or  quile  in  the  suture.  Betwecn  the  mastoid 
and  styloid  processes  is  the  siylo-niasloid  foramen.  The  repion  between  the  two 
above- men  ti  on  ed  lines  includes  the  guttural  fossa  in  the  middle  for  the  pharynx  ; 
on  each  side  of  this  are  openings  for  great  vessels  and  ner\'es,  and,  extemally,  the 
joint  of  the  jaw,     The  basilar  process  in  front  of  the  furamen  magnum  forms  the 
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roof  of  the  pharynx.  On  either  side  of  it  is  a  rent  separating  it  from  the  temporal 
bone.  The  back  of  this  rent  is  xh^  jugular  forantai ;  then  comes  \}Li^Jissure  proper  ; 
and,  at  the  apex  of  the  petrous  portion,  the  middle  lacerated  foramen,  vihich  in  life  is 
filled  with  cartilage,  as  is  also  the  tissure.  Outside,  in  the  petrous  bone,  is  the 
carotid  opening,  internal  to  the  tympanic  plate,  which  is  separated  by  the  Jissure  of 
Glaser  from  the  glenoid  /ossa,  The  outer  border  of  the  petrous  forms  a  gutter 
with  the  great  wing  of  the  sphenoid  for  the  cartilaginous  part  of  the  Eustachian 
tube,  Just  outside  of  this  is  the  foramen  spinosum,  often  in  the  suture  between 
the  sphenoid  and  temporal,  and  before  it  the  foramen  ovale.  In  the  front  part  of  the 
base  outside  of  the  pterygoid  is  that  part  of  the  great  wing  which  looks  downward, 
overhanging  the  zygomatic  fossa. 

THE   INTERIOR   OF  THE  CRANIUM. 

The  vault*  of  the  cranium  has  the  groove  for  the  supcrior  longitiidinal  sinus 
in  the  middle,  with  Pacchionian  depressions  on  each  side  of  it.  The  grooves  for  the 
middle  meningeal  artery  cover  the  parietal  region.  The  base  of  the  cranium  is 
divided  in  to  three  fossie, — the  anterior,  the  middle^  and  th^  posten'or, 

The  anterior  fossa '  is  bounded  behind  by  the  line  in  front  of  the  olivary  emi- 
nence  and  by  the  edge  of  the  lesscr  wings  of  the  sphenoid.  It  has  a  deep  hollow 
over  the  nasal  cavity,  the  floor  of  the  de[)ression  being  the  cribriform  plate  of  the 
ethmoid.  In  the  median  line  are  the  crista  galli  and  the  foramen  ciecum.  The 
lateral  part  of  the  anterior  fossa  slants  cIownvvard,  invvard,  and  hack\vard,  and  is  quite 
smooth  in  the  middle  behind  the  hoIlow. 

The  middle  fossa  *  is  limited  in  the  centre  to  the  sella  turcica^  but  expands  at 
the  sides.  It  is  separated  from  the  p>osterior  fossa  by  the  dorsum  selite  and  the 
superior  border  of  the  petrous.  The  middle  fossa  has  the  olivary  eminence  and  the 
optic  foramina  in  front  of  the  sella  turcica,  at  each  side  of  which  is  i^et^groove  for  the 
internal  carotid  artery  and  the  cavernous  sinus.  The  clinoid  processes  tend  to  meet 
above  its  sides,  and  sometimes  do  so,  especially  when  the  middle  clinoid  is  developed. 
On  the  anterior  border  of  the  fossa,  near  the  middle,  is  the  sphenoidal  fissure  opening 
into  the  orbit.  Just  l>ehind  its  inner  end  is  the  foramen  rotundum  :  farther  back  and 
outward  are  the  foramen  ovale  and  foramen  sphiosum^  from  which  latter  start  the 
grooves  of  the  middle  meningeal  artery  ;  more  internal  lies  the  middle  lacerated 
foramen.  The  depression  for  the  Gasserian  ganglion  is  seen  at  the  apex  of  the 
anterior  surface  of  the  petrous  portion  of  the  temporal  l)one  ;  the  ganglion  is  verv 
conveniently  placed  for  its  ophthalmic,  superior  maxillary,  and  mandibular  branches 
to  reach  the  sphenoidal  fissure,  the  foramen  rotundum,  and  the  foramen  ovale  re- 
spectively. 

The  posterior  fossa  ^  is  much  the  lari^er.  In  the  middle  is  \k\<t  foramen  mag- 
num,  \vith  the  basilar  groove  before  it.  The  impression  for  the  superior  petrosal 
sinus  is  at  the  top  of  the  petrous.  The  inferior  petrosal  sinus  lies  on  the  suture 
l>etween  the  petrous  bone  and  basilar  process.  The  internal  auditorv  meatus,  the 
j ugular  foramen,  and  the  anterior  condvloid  foramen  are  verv  nearlv  in  a  vertical 
line.  The  impressions  for  the  lateral  sinuses  run  outvvard  from  the  internal  occipital 
protuberance  imtil  they  suddenly  tum  down\vard,  making  a  deep  groove  in  the  tem- 
poral l)one.  The  course  of  the  sccond  portion  of  the  sinus  is  straight  downward 
and  invvard,  the  highest  point  of  the  sinus  corresponding  with  the  supramastoid  crest 
alx>ve  the  middle  of  the  mastoid  process.  This  point  is  sometimes  so  near  to  the 
surface  that  the  lx)ne  is  translucent.  In  its  descent  the  sinus  mav  for  a  time  kecp 
near  the  surface,  or  leave  it  at  once.  There  is  much  variation  in  many  respects  ; 
sometimes  the  downward  turn  of  the  sinus  is  Icss  sharp.  The  claim  that  anything 
can  be  predicated  of  this  from  the  shape  of  the  hcad  is  extremcly  uncertain.  Just 
before  reaching  tht'  jugular  foramen  the  sinus  once  more  changes  its  direction, 
running  forvvanl  and  up\vard. 

THK   ARCHITECTIRE   OF   THE   CRANIUM. 

The  rurvcd  vault  <»f  the  skuU  is  wt.*ll  adaptrd  to  hrcak  shocks,  but  the  base 
is  much  \veaker  ;  nnt  onlv  is  the  l)oni*  ihin  in  maiiv  places,  but  it  is  intcrrupted  by 

'  CalvarU.    *  FoMa  cranll  anterior.     ''  F.  cranii  nedta.     4  F.  cranil  p<rtterlor. 
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inany  openings.  The  whoIe  of  the  anterior  (ossa  is  very  thin  ;  so  is  the  sella  turcica, 
bdng  just  over  the  sphenoidat  sinus.  A  chain  of  openings  crosses  the  middle  fossa 
on  either  side.  The  temporal  bone  is  practicall)'  crossed  by  the  external  and  internal 
meatuses  and  the  middle  ear,  besides  containing  other  cavities.  Thus  the  petrous 
is  brittle,  although  the  bone  is  very  dense.  A  rim  of  co  m  para  ti  vel  y  firm  bone 
extends'around  two-thirds  of  the  slcuU,  starting  on  each  side  from  the  occipital 
protuberance,  which  may  be  even  two  centimetres  in  thickness,  along  the  line  of  the 
lateral  sinus  to  the  supramastoid  ridge  ;  it  follovvs  the  line  of  origin  of  the  zygotna, 

Fic.  354. 


J^^-*-  ends  in  the  infratemporal  crest  on  the  great  wing  of  the  sphenoid.  A 
Y.  ^:dian  ridge  strengthens  the  skull  in  both  the  frontal  and  occipital  rc-gions. 
^S  average  thickness  of  the  vault  is  ahout  four  niillimetrcs.  It  is  thick  through- 
.  -^^  the  frontal  region  and  at  the  parietal  cminences,  a  thin  area  lying  bchind  and 
.  ^^w  the  latter.  The  1'acchionian  depressions  may  almost  perforate  the  sknll.  It 
.^^■^ery  thin  in  the  squamous  part  of  the  temporal ;  less  so  in  the  superior  occipital 


If  the  base  oE  i 


skull   be  held  to  the   hght  and  examined  from  uithin,   the 
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translucency  of  the  following  parts  will  be  very  evident :  the  roofs  of  the  orbits,  one 
or  two  uncertain  points  in  the  great  wing  of  the  sphenoid,  one  in  the  lower  part  of 
the  squamous  portion  just  outside  of  the  petro-squamous  suture  corresponding  to 
the  glenoid  fossa,  the  beginning  of  the  basilar  process,  a  varying  portion  of  the 
descending  part  of  the  groove  for  the  lateral  sinus,  and  nearly  the  whole  of  the  iloor 
of  the  cerebellar  fossa.  A  little  rim  of  firm  bone  surrounds  the  foramen  ma^um 
except  in  front. 

THE  FACE. 

This  consists  essentially  of  the  framework  of  the  jaws  and  of  the  orbital  and 
nasal  cavities,  as  well  as  of  certain  accessory  regions,  the  zygomatic  and  spheno- 
maxillary  fossa,  Apart  from  features  in  the  bones  already  described,  the  front 
view  shows  the  outline  of  the  orbits,  of  the  nasal  opening,  of  the  prominence  of  the 
cheek,  and  of  a  vacant  s{>ace  left  between  the  upper  3aw  and  the  ramus  of  the  lower. 
The  foramina  for  the  escape  of  the  terminal  branches  of  the  three  divisions  of  the 
fifth  nerve  are  very  nearly  in  a  vertical  line,  only  the  mental  foramen  is  iisually  a 
litde  lateral.  The  sid^  view  shows  the  zygomcUic  fossa  below  the  arch  and  within 
the  ramus. 

The  Orbit. — Although  the  base  is  quadrilateral,  the  orbital  cavity  is  conical 
rather  than  pyramidal,  since  its  scction  a  little  behind  the  base  is  almost  circular. 
The  upper  margin  of  the  entrance  is  formed  by  the  frontal  bone,  which  slants  down- 
ward  to  the  very  prominent  extemal  anguiar  process^  which  affords  great  protection 
to  the  eye.  The  suture  with  the  malar  can  easily  be  felt  in  life,owing  to  the  greater 
projection  of  the  upper  bone.  The  outer  border  and  the  inner  half  of  the  lower  are 
made  by  the  malar,  which  has  a  sharp  orbital  edge  throughout.  This  is  continued 
by  an  ascending  sharp  edge  of  the  superior  maxillary  into  the  front  border  of  the 
lachrymal  canul,  at  the  top  of  which  it  becomes  indistinct.  This  is  to  be  considered 
the  inner  boundary ;  but  there  is  difficulty  in  accurately  determining  this  border,  for 
if  the  upper  border  be  followed  down  at  the  inner  side,  it  will  be  seen  to  run  to  the 
posterior  edge  of  the  lachrymal  groove  made  by  the  ridge  in  the  lachrymal  bone.  In 
some  skulb  this  is  much  the  more  evident  border.  The  upper  part  of  the  inner  border 
is  the  only  one  that  cannot  easily  be  felt  in  life.  The  roof  of  the  orbit  is  arched  from 
side  to  side  and  from  before  backward.  It  is  overhung  by  the  border,  especially  at 
the  outer  angle,  where  it  lodges  the  lachrymal  gland.  The  inner  wail,  composed  of 
part  of  the  ascending  process  of  the  maxilla,  the  lachrymal,  the  os  planum  of  the  eth- 
moid,  and  part  of  the  body  of  the  sphenoid,  is  nearly  vertical  in  front,  but  farther 
back  slants  inward.  The  inner  wall  is  frequently  quite  convex  in  the  middle  ;  if  this 
condition  is  marked,  it  is  probably  pathological.  Therc  is  an  approach  to  an  angle 
between  this  surface  and  the  upper.  The  two  ethmoida!  foramina  are  found  above 
the  os  planum.  The  inner  wall  curves  gradually  into  the  inferior  surface,  formed 
by  the  maxilla,  and  presenting  the  infra-orbital  grooz^e  and  canai,  The  outer  wall 
slants  stronglv  inward,  its  lovver  border  being  internal  to  the  upper.  It  is  formed 
by  the  malar  bone  in  front  and  the  great  wing  of  the  spheiioid  behind.  The  back 
part  of  the  upper  angle  of  the  outer  wall  is  occupied  by  the  sphenoidal fissure^  which 
opens  into  the  middle  fossa  of  the  skull,  and  the  lower  angle  h/  the  sphenO'maxillary 
fissure,  separating  the  wing  of  the  sphenoid  from  the  maxilla  ;  Ihe  outer  end  of  this 
fissure,  closed  by  the  malar  bone,  opens  into  the  zvgomatic  foss^  The  optic  fora- 
men is  at  the  posterior  point  of  junction  of  the  roof  and  the  innet  wall.  The  apex 
of  the  orbit  is  at  the  inner  end  of  the  sphenoidal  fissure.  ^ 

The  axe8  of  the  orbits,  if  prolonged,  cross  each  other  at  the  back  of  the  sella 
turcica  at  an  angle  of  from  42°  to  44®.  The  orbital  axis  is,  therefpre,  very  differ- 
ent  from  the  visual  axis,  which  is  antero-posterior.  The  formcr.  tnoreover,  runs 
downward  from  the  apex  to  the  base,  making  an  angle  of  from  15°  tO  20®  with  the 
horizontal  plane. 

The  dimensions  of  the  adult  orbit  varv  with  difFcront  observcrs  ai^d,  no  doubt, 
in  differcnt  localitics.  The  depth  is  from  forty  to  fortv-fivc  millimctrcsj  the  breadth 
at  the  base  is  atout  fortv  millimctrcs,  and  the  height  about  thirtv-fivfc  millimetres 
in  males.      In  females  the  dimensions  are  rather  l(»ss. 

The  roof  is  thin  and  separates  the  orbit  from  the  cranial  cavii^,  except  in 
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front,  at  the  inner  side,  where  the  frontal  sinus  intervenes.  This  sinus  extends 
<]ownward,  niesially,  almost  to  the  top  of  the  lachrymal  groove.  The  inner  and 
lower  waUs,  separating  the  orbit  from  the  naša!  cavity  and  the  antrum  respectively, 
»re  very  thin  and  offer  little  resistance  to  a  tumor  or  a  foreign  body,  The  great 
^ving  of  the  sphenoid  in  the  outer  wall  is  thick,  except  just  al  the  edge  of  the 
S'plienoidal  fissure  ;  it  separates  the  orbit  (rom  the  middle  cranial  fossa.  The  outer 
vrall  just  behind  the  anterior  lx>rder  is  thin,  where  it  cuts  ofl  union  with  the 
temporal  fossa. 

The  Nasal  Cavitjr, — The  nasal  cavity  of  each  side  has  an  anterior  and  a  pos- 
terior  opening,  a  roof,  a  floor,  an  outer  wall,  and  an  inner,  the  septum,  which,  when 


Fig.  355. 


*^^^cartikge  is  present,  completely  separates  it  from  its  fellow,  The  anterior 
f^*Xinon  opening  of  the  two  cavities  is  shaped  like  an  inverted  ace  of  hearts, 
""^Ided  above  by  the  frorder  o(  the  nasal  bones  and  elsewhere  hy  the  superior 
""^^ilUe.  In  the  middle  of  the  floor  of  the  opening  is  the  anterior  nasal  spine, 
f^^^^Tibling  closely  the  bow  of  a  f)oat.  The  anterior  cdge  where  the  two  bones  meet 
? '^>e  cuttvater.  and  above  is  a  triangular  surface,  the  deck,  bounded  by  a  sharp 
T^»  which  runs  outward,  forming  the  lower  border  of  the  opening.  In  the  adult 
?**  line  is  usually  continuoiis  with  the  l^tcral  border  of  the  opening,  but  in  infants' 
j^lls  the  line  passes  from  the  side  onto  the  anterior  surface  of  the  ma,\illary  bone. 
^"^ther  line  a  little  f»ehind  this,  siarting  inside  the  noše  at  the  front  of  the  inferior 
""^**iiute  crest,  nins  close  to  the  line  from  the  spine.    Though  these  lines  are  usually 
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transtucency  of  the  following  parts  will  be  very  evidenl  :  the  roofs  of  the  orbitB,  one 
or  t»'o  uncertain  points  in  the  great  wing  of  ihe  sphenoid,  one  in  the  lower  part  of 
the  squamou5  portion  just  outaidc  of  the  pctro-squamou!>  suture  corresponding  to 
the  glenoid  fossa,  the  bcginning  of  the  basJlar  process,  a  varying  portion  of  the 
desccnding  part  of  the  groove  for  the  lateral  sinus,  and  near1y  tlie  whole  of  the  floor 
of  the  cerebellar  fossa.  A  little  rim  of  firm  bone  surrounds  the  foramen  ma^um 
except  in  front. 

THE  FACE. 

This  consists  essentially  of  the  framework  of  the  jaws  and  of  the  oriHtal  and 
nasal  cavities,  as  weil  as  of  certain  acce35ory  regions,  the  zygomalic  and  spMetio- 
maxillary  fossie.  Apart  from  features  tn  the  bones  already  described,  tlie  front 
view  shows  the  outlinv  of  the  orbits,  of  the  nasal  opening,  of  the  prominence  of  the 
cheek,  and  of  a  vacant  space  teft  between  the  upper  iaw  and  the  ramus  of  the  Iower. 
The  foramina  for  the  escape  of  the  terminal  branches  of  the  three  divisions  of  the 
filth  nerve  are  \'ery  nearly  in  a  vertical  line,  on1y  the  nuntal  foramen  is  usuall/  a 
little  lateral.  The  sidf  view  shows  the  zygomalU  /ossa  below  the  arch  and  within 
the  ramus. 

The  Orbit. — Although  the  base  is  quadrilateral,  the  orbital  cavity  is  conical 
rather  than  pyramidal,  since  its  section  a  little  behind  the  base  is  almost  circular. 
The  upper  margm  of  the  entrance  is  lormed  by  the  frontal  bone,  which  slants  down- 
ward  to  the  very  prominent  exler>ial  angiilar  process,  which  affords  great  protection 
to  the  eye.  The  suture  with  the  malar  can  easi!y  be  felt  in  life,owing  to  the  greater 
projection  of  the  upper  bone.  The  outer  border  and  the  inner  half  of  the  lower  are 
made  by  the  malar,  which  has  a  sharp  orbital  edjje  throughout.  This  is  continued 
by  an  ascending  sharp  edge  of  the  superior  maxillary  into  the  front  border  of  the 
lachrymal  canal,  at  the  top  of  which  it  becomes  indistinct.  This  is  to  be  considcred 
the  inner  botindarj/ ;  but  thcre  is  dilficult/  in  accurately  determining  this  border,  for 
if  the  upper  Imrdcr  be  followed  down  at  ihc  inner  side,  it  will  be  seen  to  run  to  the 
posterior  edge  of  the  lnchrymal  groove  made  by  the  ridge  in  the  lachrymal  bone.  In 
some  skulls  this  is  much  the  more  evidcnt  border.  The  upper  part  of  the  inner  border 
is  the  only  one  that  cannot  eaaily  be  felt  in  life.  The  roo/ oi  the  orbit  is  arched  from 
side  to  sidc  and  from  before  backward.  It  is  overhung  by  the  border,  especially  at 
the  outer  angle,  where  it  lodges  the  tachrvma!  gland.  The  inner  wa//,  composed  of 
part  of  the  a.scending  process  of  the  maxitla.  the  lachrymal,  the  os  planum  of  the  eth- 
moid,  and  part  of  the  body  of  the  sphenoid,  is  nearly  vertical  in  front,  but  farther 
back  slants  inward.  The  inner  wall  is  fre<]iiently  quite  convex  in  the  middle  :  if  this 
condition  is  marked,  it  is  probably  pathological.  Therc  is  an  approach  to  an  angle 
betwecn  this  surface  and  the  upper.  The  two  ethmoidal  foramina  are  found  above 
the  os  planum.  The  inner  wall  cur\M  graduall/  ir.to  the  inferior  surface,  formed 
by  the  maxilla,  and  presenting  the  infra-orbital  groozr  and  canal.  The  ouler  tvail 
slants  stronglv  inward,  its  lowfr  border  being  internat  Ici  the  upper.  It  is  formed 
by  the  malar  bone  in  front  and  the  great  wing  of  the  sphenoid  behind.  The  back 
part  of  the  upper  angle  of  the  outer  wall  ia  occupied  by  the  sphenoidal fissure,  which 
opens  into  the  middle  fossa  of  the  skull,  and  the  lower  angle  l>y  the  spkeno-maxillary 
fissure,  separating  the  wing  of  the  sphenoid  from  the  m^i.\illa  ;  ihe  outer  end  o(  this 
fissure,  closed  by  the  malar  bone,  opens  into  the  z>'gomatic  fnssa.  The  optic  fora- 
men is  at  the  posterior  point  of  junction  of  the  roof  and  the  innef  wall.  The  apex 
of  the  orbit  is  at  the  inner  end  of  the  sphenoidal  fis.sure. 

The  axes  of  the  orbits,  if  prnionged.  cross  eaih  oth<T  at  the  hack  of  the  sdla 
turcica  at  an  angle  of  from  42°  to  44'.  The  orbita!  a.\iH  is,  thcrefore,  very  diSer- 
ent  from  the  visuat  axis,  which  is  antero-pf«terior.  The  former,  tnoreover,  ni 
downward  from  the  apex  to  the  Kise,  makinjj  an  angle  of  frotii  ]  5"  tQ  ao"  with  ^ 
horizontal  plane. 

Thu  dimensions  ol  the  adult  orbit  vnrv  with  (iiflennt  obser 
in  'liffcrtnt  Imalities.      The  dep[h  is  from  fortv  to  fnrtyfive  millimetresH 
at  thf  \\A->\i  is  ahiiut  fortv  millimL-trt-s,  and  ihe  hinght  about  thiriy-fivP 
in  males.      In  iLmal.s  thedimensions  are  raihrr  Icss.  I 

The  roof  is  thin  and  separates  the  orbit  from  the  cranial  cavjfl 
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frvat,  at  the  inner  side,  where  the  frontal  sinus  intervenes.  This  sinus  extend& 
ct*omnwd,  niesially,  almost  to  the  top  of  the  lachryinal  groove.  The  inner  and 
Jover  walls,  separating  the  orbit  from  the  nasal  cavity  and  the  antrum  respectivel/, 
^^*-e  very  thin  and  oRer  little  resistance  to  a  tumor  or  a  foreign  body,  The  great 
s^iag  ol  the  sphenoid  in  the  outer  wall  is  thjck,  except  just  at  the  edge  ol  the 
^^^henoidal  fissure  ;  it  separates  the  orbit  from  the  middJe  cranial  fossa.  The  outer 
^mrsli  just  behind  the  anterior  border  is  thin,  vhere  it  cuts  oS  union  with  the 
t^^mporat  fossa. 

The  Nasal  Cavitjr. — The  nasal  cavity  of  eacb  side  has  an  anterior  and  a  pos- 
c^S'TK>r  opening,  a  roof,  a  floor,  an  outer  wall,  and  an  inner,  the  sepium,  which,  wheD 


Fig.  3SS- 


^^  caitilage  is  present,  coinpletely  separates  it  from  its  fellovv.  The  anterior 
^■»imon  opening  of  the  two  cavities  is  shaped  like  an  inverted  ace  of  hearts, 
^***nded  above  by  the  border  of  the  nasal  bones  and  elsewhcre  by  the  superior 
"***illa.  In  the  middle  of  the  floor  of  the  openinp  is  the  anterior  nasal  spine, 
^*"*»wH5t15i  rloselv  the  bow  r>f  ■\  hoat.  Thr  rinfrior  edpe  where  the  two  bones  meet 
the  rutwatcr,  anil  :ili'>vi-  is  n  triaiisjiilir  ■-iirfacc,  the  deck,  bounded  by  a  sharp 
-.  ahich  runs  oin^.irrl,  furinini;  tlic  !iwcr  !)order  of  the  opening.  In  the  ad uit 
'line  is  usunllv  roniinunus  \viih  the  latfral  l)ordcr  o(  the  opening,  but  in  infants' 
S  ihc  line  passes  from  the  side  onto  the  anterior  surf.ice  of  the  niaxillary  bone. 
""^ '  *' ""  "  "'  r  inside  the  noše  at  the  front  of  the  inferior 
||  the  spine.    Though  these  lines  are  usiially 
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luscd  in  thc  adult,  formin^  a  rather  dull  infcrior  border  coiitinuous  with  the  lateral 
sharp  one,  ihev  may  rem.iin  distinct  and  endo««.-  a  well-marked  fossa  on  the  face  just 
below  the  nasal  openin);  ;  this  is  the  /ossa  pranasa/is,  rarcly  seen  in  other  than  low 
races.  VarJations  in  the  anangemenl  of  these  lines  inay  occur,  and  according  to 
ZuckcrkandI,'  the  hne  Irom  the  Dorder  of  the  noiic  may  not  alway9  form  the  anterior 
burder  of  the  fossa.  The  combined  nasal  ogienings,  thuugh  in  the  inain  trianguUr, 
niay  bc  roughly  quadrilatenil.  More  or  less  asymmelry  is  tlie  rule.  The  nasal  bones 
and  thc  nasal  spine  may  point  sideways,  but  not  nccessarily  to  ihe  same  side.  The 
spine  points  to  thc  side  on  which  the  opening  is  the  wider ;  the  broader  aperture 
usually  does  not  descend  so  low  as  the  narrouer  one.  The  tip  of  the  noše  is  more 
oftcn  turnet)  to  the  right.  In  hfe  thc  shape  uf  the  noše  depends  quite  as  much  on 
the  soft  parts  as  on  the  bones. 

The  posterior  openings  of  the  nares,  the  cioana,  are  remarkably  syinmet- 
rical ;  bounded  abo\'e  by  the  »ings  of  thc  vomer,  which  conccal  the  body  ol  the 
sphcnoid,  on  thc  sides  by  the  internal  pterygoid  platcs,  internally  by  the  vomer, 
and  l>elow  by  the  horizontal  platc  of  the  palate,  cach  is  much  higber  than  broad. 
The  indcx  of  the  choanie,  showing  thc  proportlon  of  the  breadth  to  the  hcight 
( "" i!^^|  '^~ ),  is  60  for  men  and  64  for  women,  showing  rclativcly  lower  openings  in 
the  latter  ( Escat).  Measuring  the  combined  breadth  from  one  ptcrygoid  process 
to  the  other  at  the  tiard  palate  on 
i^iG.  356.  tcn  ndult  slculls  irrespective  of  sex, 

Piubc  in  infunJibuium  we  found  the  avcrage  breadth  27. 7 

centimetres  and  the  average  heighl 
28.4  centimetres.  The  extremes 
were  24  and  31  centimetres  for  the 
breadtli  and  25  and  31  for  the 
hcight.'  The  incUnation  of  the 
posterior  border  of  the  vomer  is  in 
a  general  direct  ratio  to  the  degree 
of  prognathism,'  or  the  fomrard 
projection  of  the  face, 

Each  nasal  chamber  (Figs. 
255-  256)  is  vcry  narT0w.  and 
much  higher  in  the  mtddlc  than 
at  either  orifice.  The  front  part, 
the  vestibtiU,  exlends  under  the 
bridgc  of  the  noše.  The  roaf  is 
extremely  narrow  except  at  the 
posterior  end.  It  is  composed  of 
the  nasal  bones,  thin  below,  thick 
plate  scparacing  it  from  the  fronta! 
sinus  ;  the  very  thin  cribriform  platc,  easily  broken  ;  the  vertical  anterior  surface 
of  the  sphenoid,  pierccd  by  an  opening  into  thc  sinus  ;  and,  finally,  the  wing  of  the 
vomer.  Thc  floor  is  a  smooth  gitttcr,  formed  by  the  palatal  processes  of  the  maxillse 
and  palate  bones.  The  louer  border  of  the  anterior  nasal  opening  is  h^her  than 
the  floor,  so  that  an  instrument  has  to  be  tiltcd  over  it. 

The  anterior  palatine  caiial  opens  through  the  floor  near  the  front  on  either 
side  of  the  septum.  The  floor,  except  at  the  posterior  part,  Ls  of  strong  bone,  and 
is  smooth  aH  nvet.  The  median  u-a/i  is  derivcd  from  a  plate  of  cartilage,  developed 
at  a  ver\-  cariv  period,  from  which  thc  vertical  plate  of  the  ethmoid  and  the  vomer 
are  also  formed,  A  large  quadrilatcral  spacc  is  Icft  \'acant  in  the  macerated  skeleton, 
which  in  lifc  is  filled  by  the  unos.silicd  ponion  of  the  original  plate,  known  as  the 
triangular  eariilage.  ApjKircntlv  the  process  of  ossiticatinn  is  excessive  along  the 
line  of  union  lH'twecn  thc  ethmoid  and  thc  vomer,  since  the  adult  septum  b  usnallv 
bent  to  one  side  in  its  anterior  tvvo-thirds,  thus  makiiig  one  nasal  cavity  much  sma" 

'  N'i)nniilc  un<l  iiatbolo^ische  Anatoniic  der  Nasenh<".hle.  ite  AiiflaKe,  Vienna.  1803. 
'  The  »k-vcli»pnipnt  of  thc  n^iKil  caviiv  is  ilpscribed  with  that  of  tlie  hcad. 
■  Escat :  Cavitč  NiLsu-Pliarjngiene,  Pariš,  1894. 
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tlian  the  other.  A  ridge  is  often  found  at  or  near  the  junction  of  these  two  bones 
on  ihe  prominent  sidc,  thereby  stili  iurther  reducing  the  smaller  cavity.  This  ridge 
iiiay  be  developed  into  a  shelf,  calltd  a  spur,  ivhich  may  even  touch  the  opposite 
wall.  The  outer  ivall  is  the  most  instructive,  as  giving  the  mest  light  on  the  con- 
stniction  of  the  region.  In  front  is  the  smooth-walled  vcslibule,  formcd  by  the 
inncr  side  of  the  nasal  and  ihi;  ascendlng  process  of  ihe  maxilla,  extcnding  upward 
ijndcr  the  frontal  sinus.  The  swelling  known  as  the  agger  m;iy  be  found  near  the 
top  of  its  outer  walt.  The  infcrior  turbinate  is  much  the  lar^est,  reaching  fonvard 
aJmoet  to  the  opening  in  the  bone.  The  large  inferior  mcatus  »hich  it  overhangs 
is  higher  in  front  than  behind.  The  niiddle  turbinate,  over  the  middle  mealus,  does 
«iot  extend  nearly  so  far  fonvard.  The  Httle  superior  turbinate  with  the  limited 
svperior  meatui  below  it  is  stili    farther  Ijack,    reaching  only  haH-way  along  the 


w>t]  ot  tighl  nknl  k 


™"i<31e  turbinate.  The  three  turbinates  end  behind  \ery  nearly  in  a  vertical  line, 
^  »Tiiddle  sometimes  projecting  farthest.  The  lines  of  attachnicnt  of  the  turbinates  . 
"J^ slant  downward  and  backward,  but  the  inclination  of  ihe  middle  one  is  greatest. 
V"^  variations  in  number  of  the  turbinates  and  the  structures  conceaJcd  by  the 
iniclcjlg  one  have  been  described  with  the  ethmoiil.  The  spheito-cthmoidal  rccfss  is  a 
™^*^  expansion  of  the  cavity  behind  the  superior  turbinate  and  the  front  of  the 
?J|^IV  of  the  sphenoid.  The  posterior  portion  of  the  outer  \vall  of  the  nasal  chambcr, 
""^^ed  by  the  palate  bone  aiid  the  intcrnal  ptcrvgoid  plate.  b  snioath.  The  outer 
**'»  slants  inward,  so  that  the  roof  of  the  iias;il  cavitv  is  narrower  than  the  floor, 
J*  has  the  following  openings:  in  the  superior  meatus  that  of  the  posterior  illinioida! 
"''-*"  .-  farther  fjack  is  the  sphcno-palaliiie  foramen  comnimiicating  with  the  spheno- 
'J:*^illary  fossa.  The  middle  mealus  receives  the  openinj;  of  the /roiilal sinus  cither 
™^^tly  under  the  front  of  the  middle  turbinate  or  through   the  iufundibulum. 
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These  arrangements  are  about  equaliy  common.  It  receivcs  also  the  openings  of 
the  anterior  etkmoidal  celiš,  thc  apvrture  of  the  antrum  into  the  infundibulum,  and 
a  larg'cr  opcninjj  from  thc  antrum  bchind  thu  infundibulum.  The  lachrymal  canal 
opcns  into  the  inferior  mcatus  undcr  the  fore  part  of  the  turbinale,  External  to  the 
outer  wall  are  the  orbit,  the  antrum,  and  farther  back  tht  spheno-maxillary  fossa 
with  the  posterior  palatine  canal  l>elow  it. 

The  Acces8ory  Pneumatic  Cavitics. — Thcse  include  ih.c  /roniai  stnuses, 
the  maxiUary  anira,  the  elhmoidal  cells,  and  the  sphcnoidal  stnuses.  They  have 
already  been  describcd  with  the  separate  bones,  but  may  be  here  further  briefly  con- 
sidcred  in  their  mutual  rclations  to  the  nasal  fossae  and  thc  skull.  Ali  of  these  spaces 
open  into  the  nasal  chambers  abovc  thc  inferior  mcatus,  — the  sphenoidal  celta  into 
the  roof,  the  posterior  ethmoida!  cells  into  the  supcrior  mcatus,  the  anterior  eth- 
moidals,  the  antra,  and  the  frontni  sinuses  into  thc  middle  meatus. 


Fig.  358. 


The  sphenoidal  sinutes  fFi^,  s.-;?)  art-  almost  invariably  unequat,  the  sep- 
■  lum  bcing  much  to  one  sidc.  The  largc  openings  in  the  front  of  the  body  of  tn« 
sphcnoid  are  much  rediiced  when  thc  cornua  sphenoidalia  are  in  plače.  The  open- 
inf]^of  thc  posterior  ethmoidal  cells  are  small  and  irrct;ul:ir.  Thc  anterior 
cells  make  a  part  of  thc  fliKir  of  the  fronta!  sinuses.  They  open  either  into  the 
infundibulum  or  iimicr  thc  middle  turbinatc. 

The  frontal  sinuses  (Tivrs.  255.  257I,  when  cxposcd  from  the  from,  have 
a  vagui'ly  lrian)^ul:ir  outlinc.  One  sidc  is  a^runst  the  svptnm,  separatin^  it  from 
its  fellow,  which  is  nirclv  svmmetrical.  Tlu-  up|>er  l>ordi-r  rnns  from  the  top  of 
ttiis  doH-nward  and  outuard.  Thc  lnwcr  liordcr  Iv-nds  <iown\vard  at  the  inner  end, 
uliere  the  cavitv  runs  down  to  the  nosc  nt  thc  inner  anglc  of  the  orbit.  The  inner 
pari  c.\icnds  back  fcir  a  v.irvinu  distance  ovcr  thc  orliit.  In  al>out  half  the  cases 
the  cavity  opcns  dircctly  into  the  middle  mcatus;  in  the  rest  it  opcns  into  the  top  of 
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thc  canal  in  the  ethmoid,  known  as  the  infundibulum.  In  the  former  cases  one  o( 
the  cells  of  the  ethmoid  is  particularly  liable  to  make  a  projection — the  frontal  buUa 
— irsto  the  floor  of  the  sinus. 

The  antrum  (Fig.  255)  is  a  four-sided  pyramid  with  an  irreguiar  base  towards 
the  nasal  cavity  (Merkel).  The  apex  is  at  the  malar.  In  addition  to  the  base, 
an  orbital,  an  anterior,  and  a  posterior  surface  are  recognized.  Owing  to  the 
irTegjularity  of  the  Imsc  there  is  a  groove  instead  of  an  angle  below,  atJove  the 
alve^jlar  process.  (This  relation  is  described  with  the  upper  ja*. )  The  large  in- 
temal  aperture  in  the  superior  maxilla  is  divided  into  two  when  the  other  bones  are 
in  plaire.  'Both  are  near  the  top  ;  the  anterior  opens  into  the  infundibulum,  the  pos- 
tenor  into  the  middle  meatus.  Partial  septa  project  into  the  antral  cavity,  An 
■■n[>ortant  projection  is  that  of  the  infra-orbital  canal. 

The  zygoinatic  fossa  (Fig.  258)  is  the  space  internal  to  the  lower  jaw,  sepa- 
rated  from  the  temporal  fossa  by  an  imaginary  plane  at  the  level  of  the  upper 
border  of  the  zygonia.     It  ia  open  below  and  behind.     The  front  wall  is  made  by 

Fig.  159. 


ptcT7gDid  plate 


P^  naxilla,  what  little  roof  there  is  by  that  part  of  the  great  wing  of  the  sphenoid 
"•'^■Tial  to  the  infratemporal  crest,  and  the  inner  wall  by  the  esternal  pterygoid 
P"**^.  It  has  two  important  fissures, — \\\^  sphcno-maxillar%\  horizontal,  admitting 
'°  *:lie  orbit.  lx;tween  the  sphenoid  and  maxilla  :  the  othcr,  t\\e  pUr}'go-maxil- 
"C*".  vertical,  t>etween  the  maxillary  bone  and  the  front  of  the  united  pterygoid 


th<^ 


The  spheno-maxiUary  fossa  (FiR-  259I  is  a  smali  cavity  bclow  and  behind 
apex  of  the  orbit  at  the  point  of  junction  of  the  spheno-maxilbry  and  the 
P*^*~jgo-maxil1ary  fissures.  The  posterior  w aH  is  fornied  by  the  sphenoid  above  the 
r°*^*s  of  the  pterj'poid  plates,  The  transvcrsc  and  antero-posterior  diameters  of  the 
105^^  are  about  fifteen  millimctrcs.  It  contains  the  spheno-palatine  or  Meckefs 
P*^Elion.  The  foramen  roturtdum  opens  into  it  behind,  transmitling  the  superior 
'"*:^iilary  division  of  tlie  trifacial  nerve.  More  internal  and  lower  on  the  posterior 
***•  is  the  orifice  of  the  Vidian  rana/,  transniitting  the  great  superficial  and  deep 
^^»■osal  nerves  and  acconipanying  blood-vessels.     Stili  nearer  the  median  line  is 
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thc  minute  ptervgo-palatine  canal,  formcd  by  the  palate  and  sphenoid  lx)nes.  The 
sphcpio-palatine  Joramcn  opcns  ihrough  thc  inner  wall  into  the  nasal  cavily.  The 
fossa  opcns  bclow  into  thc  posierior  palatine  canai. 

The  Roof  of  thc  Mouth. — This  compriscs  thc  hard  palate  and  the  inner 
aspcct  of  thc  aheolar  process,  The  proportions,  as  statcd  clsewhcrc  (page  229), 
varv  ;  as  a  rulc,  thc  broad  palate  is  less  vaulted  than  thc  narrow  one.  The  oral 
roof  prcscnts  the  orifices  of  thrcc  canals. — the  anterior^  and  the  t\vo  posierior 
palaiinc.  Thc  first  is  situated  in  the  mid-Hnc  in  front,  the  others  at  the  outer 
postcrior  anglcs.  Thc  palatine  f^rocves  for  thc  antcrior  palatine  nerves  and  accom- 
panying  blood-vcsscls  cxtcnd  forward  from  thc  postcrior  palatine  foraniina.  Be- 
hind,  but  closc  to,  thc  lattcr  are  thc  orifices  of  thc  accessory  palatine  canals. 
The  inner  side  of  thc  alvcolar  process  is  rough  except  opposite  the  second  and 
third  molar  tecth,  and  thc  same  is  truc  of  that  part  of  thc  palate  made  by  the  superior 
maxill(e.  An  occasional  s\vclling,  thc  torus  palatinus,  is  in  the  mid-line  at  the 
junction  of  thc  superior  maxillaf.  Intcrnal  to  thc  first  molar  is  a  ridge  with  thc 
groove  outsidc  of  it  at  the  lateral  border  of  thc  maxilla.  The  line  scparating  thc 
superior  maxilhi*  from  the  horizontal  platcs  of  thc  j)alate  bones  has  a  fon*'ard  curve 
in  thc  middlc  in  nearlv  thrcc-quarters  of  thc  cascs.  It  is  about  straight  in  some 
t\vcnty  pcr  cent.  and  curvcd  backvvard  in  the  rcst.  Thc  fissures  are  not  always 
symmctrical.* 

Thc  Architccturc  of  thc  Facc. — With  thc  exccption  of  thc  lower  jaw,  the 
structure  of  thc  face  is  cxtrcmcly  light.  It  is  subjcct  to  00  strain  save  through  that 
bone,  and  to  some  cxtcnt  through  the  action  of  the  tongue  on  the  palate  ;  it  has, 
how'cvcr,  to  bc  protcctcd  against  occasional  violence.  Thcrc  are  certain  strong  and 
strcngthcning  rcgions.  The  hard  palate  is  strong  throughout,  except  at  the  hind 
part,  and  esj)ecially  strong  back  of  the  incisors.  Some  strcngth  is  gained  by  a 
thickcning  just  outsidc  of  the  nasal  opening  al)ovc  the  canine  tecth,  running  up 
into  thc  ridge  in  front  of  the  lachrvmal  groove.  Thc  root  of  the  noše  is  also  very 
thick.  Thc  face  is  considerably  strcngthcned  through  thc  malar  bone  and  its  con- 
ncctions,  cspeciallv  with  thc  robust  extcrnal  angular  process.  A  little  support  is 
probably  given  to  the  lxick  of  the  jaw  through  the  pterygoids. 

ANTHROPOLOGV  OF  THE  SKULL. 

There  are  certain  terms  and  measurements  which  should  be  known,  especiany  as  some  of 
theni  come  into  practical  use  in  the  surger>'  of  the  skull. 

Points  on  the  Surface  of  the  Skull.— (See  also  Fig.  265,  page  241. ) 

Alvcolar point,  the  louest  i^oint  in  the  mid-line  of  the  upjKT  alvcolar  process. 
Astcrion,  the  louer  end  of  the  lamlnloidal  siiture  ;  three  sutures  diverge  from  it  like  rays. 
Auricular poini,  the  centre  oi  the  extemal  auditor>'  meatus. 
Basion^  the  anterior  i)oint  of  the  mar^in  of  the  foranien  maji^iuni. 
Bregma^  the  anterit>r  end  of  the  s<'igittal  siiture. 

Dacryon,  the  |K)int  of  contact  of  the  fronlal,  niaxillary,  and  lachrjnial  bones. 
Glabella,  the  rej^ion  alx)ve  the  noše  beluecn  the  sui>erciliary  eniinences. 
Glenoid point^  the  centre  of  the  glenoid  foss;i. 
Gonion,  the  «>iiter  side  of  the  anj^le  of  the  louer  jaw. 
Inion,  the  external  occipital  protuberance. 
Lambda^  the  |K)sterior  end  ot  the  sa^i^ittal  siiture. 
Malar point,  the  most  prominent  |X)int  of  that  l)one. 
Mental point,  the  most  anterior  point  of  the  svmplu^sis  of  the  louer  jaw. 
Sasion^  the  |>oint  of  contact  of  tne  frontal  lK)ne  uilh  l)oth  nasiils. 
Ohelion,  the  sa^^ittal  sutiire  in  the  ren:it)n  of  the  parietal  foramina. 

Occipital  point,  the  most  |x>sterior  i>oinl  in  the  mid-line.     ( It  is  al)ove  the  protuberance.) 
Ophrron,  the  i>oint  of  intersertion  of  the  median  line  with  a  line  connecting:  the  tops  of  thc 
orbits. 

Of>isthion,  the  |>osterit>r  |>oint  of  the  mar>jin  of  the  foramen  magnum. 

Jierion,  the  re^;ion  uhere  the  frontal.  the  >;reat  uingof  the  sphenoid,  the  |)arietal,  and 
the  temi^oral  Inines  alniost  nieet.  ( As,  in  fact,  Ihev  verv  rarely  do  meet,  the  term  is  a  vaguc 
one.  I 

*  For  the  description  of  this  canal,  see  under  .Siii)erior  MaxiIIa  (pajje  201). 

•  Stieda  :  Arch.  fiir  Anthrui>oI.,  1893. 
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Stephanion^  the  region  where  the  curved  lines  on  the  lemporal  bone  cross  the  coronal 

sucure. 

Subnasal point,  in  the  median  line  at  the  root  of  the  anterior  nasal  spine. 

Indices. — ^The  cephalic   index  is  the   ratio  of  the   breadth   to  the   leng^th   of  the  skull 

'****  ieng^~^)'  ^^^  lengfth  is  taken  from  the  glabella  to  the  occipital  point,  and  the  breadth  is 
the  «reatest  transverse  dianieter  above  the  supramastoid  ridge.  A  high  index  means  a  short 
ski^lT;  a  low  index,  a  long  one.  A  skull  with  an  index  above  80  is  brachycephalic  ;  from  75  to 
80,     ^mesoHcephalic  ;  below  75,  dolichocephalic. 

The  index  of  heig^ht  is  the  ratio  of  the  line  from  basion  to  bregma  to  the  length 

'****lCTgU^)'  ^  ^^  ^^^  ^'^  index  above  75  is  hypsic€phalic ;  from  70  to  75,  orthocephalic : 
bel<:>-w  70,  pieitycephalic. 

The  facial  index  is  the  ratio  of  the  length  to  the  breadth  of  the  face  ('"breadtfT  )•  ^^^ 
leimj^fth  is  from  the  nasion  to  the  mental  point,  and  the  breadth  is  the  greatest  at  the  zygomatic 
arol^^s.  A  high  index  means  a  long  face.  A  head  with  a  facial  index  above  950  is  ieptoprosopic  ; 
on^  -uMth  a  lower  one,  chafncrpros^c.  In  the  absence  of  the  iower  jaw  the  index  of  the  upper 
fac^  may  be  taken,  which  is  almost  equally  valuable.  The  oniv  diflference  is  that  the  length  is 
tak^n  from  the  nasion  to  the  alveolar  point,  and  that  an  index  above  50  is  ieptoprosopic^  and  one 
bel<3"w  it  chanueprosopic. 

The  nasal  index  is  the  ratio  of  the  length  of  the  noše  to  the  breadth  (-^hf^^h^).     The 

tefiKT^h  is  measured  in  a  straight  line  from  the  fronto-nasal  suture  to  the  anterior  nasal  spine. 
A  skull  is  leptorhine  when  the  index  is  below  48 ;  when  from  48  to  53,  mesorhine ;  and  when 
abo^r-e  53,  ptatyrhine, 

The  orbital  index  is  the  ratio  of  the  height  of  the  base  to  the  breadth,  thus  ( '"'breadth '^^)- 
Th^  breadth  is  a  horizontal  from  the  outer  border  to  the  point  of  contact  of  the  frontal  with  the 
niajic  illa  and  lachr>*mal.  A  large  index  means  a  hi^h  orbit.  An  orbit  with  an  index  below  84  is 
^fti^^^^seme ;  with  one  from  84  to  89,  fnesoseme  ;  with  one  above  89,  fnegaseme.  An  index  of  70 
is  I<:>Mr  for  a  Caucasian,  and  one  of  lois  very  high.  The  average  for  English  skulls  is  said  to  be  88. 
Th^i    index  depends  considerably  on  the  extent  to  which  the  upper  border  overhangs. 

The  palatal  index  is  the  ratio  of  the  breadth  to  the  length.     The  former  is  taken  from  the 
et  of  the  second  molar  of  one  side  to  that  of  the  other ;  the  latter  is  from  the  alveolar 

in  the  middle  line  to  the  posterior  nasal  spine  ( ^^  lenirth — )' 

ProgncUhism  denotes  the  fonvard  projection  of  the  face.  This  was  formerly  expressed  by 
**^^*."t  is  known  as  Campet^ s  facial  angle,  which  was  measured  on  the  are  betueen  two  lines 
roe^is  ting  at  the  nasal  spine,  one  starting  from  the  auricular  point,  the  other  from  the  most  promi- 
ncr^-^  part  of  the  forehead  in  the  middle  line  (avoiding  the  projecting  noše).  This  has  fallen  into 
dis'^.^se  ouing  to  inherent  defects,  and  perhaps  in  part  to  the  discordant  directions  given  for 
dra.x^'ing  the  lines.     Flotvet^s  gncUhic  %ndex  is  the  ratio  of  the  line  from  the  basion  to  the 

al^"^^^olar  point  to  the  line  from  the  basion  to  the  nasion  ( ^^ ^s-n^  V\^\    -"^).    A  skull  is 

or^^^^gnathous  with  an  index  below  98 ;  mesognaihous  with  one  from  98  to  103 ;  prognaihous 
witl-^  one  above  103. 

Shape  of  the  Skull. — Extreme  forms  occur  in  Caucasians.  The  long,  narrow  skull,  with 
^^^wi  a  sli^t  prominence  along  the  sagittal  suture,  the  scaphoid form,  is  due  to  the  early  closure 
o«^Jhie  sagittal  suture,  and  the  short,  round  skull  to  that  of  the  transverse  ones.  In  support  of  this 
Jn|^j|^i>ry  is  the  fact  that  the  metopic  or  median  frontal  suture  is  never  found  in  narrow,  but  only  in 
'J^^^^^^d  skulls.  The  high,  sugar-loaf,  acrocephalic  skull  shows  oblileration  of  ali  three  sutures  on 
H*^"  "^op  of  the  vault.  The  great  backward  occipital  projection  sometimes  seen  is  usually  asso- 
^^**^'^^aa  with  many  Wormian  bones  in  the  lambdoidal  suture. 

The  long  type  of  skull  is  naturally  associated  with  the  long,  narrow  face,  and  the  round 

■*^^^  with  the  broad  face  ;  but  the  connection  is  not  absolute.     The  two  types  of  face  deserve  a 

^^  »^  consideration.    The  narrow  face  has  the  high  orbit,  the  narrow  noše,  with  the  aperture 

P*^*  »^ted  above,  and  a  long,  narro\v  palate.    The  outline  of  the  range  of  teeth  in  one  jaw  to  a  great 

^*^*^3it  determines  that  of  the  other ;  but,  ui  addition  to  the  smalTer  cur\e,  the  louer  jaw  in  this 

'^*  *^  1  is  rather  delicate,  is  particularly  likely  to  show  the  constriction  in  front  of  the  masseter, 

*|*^^     has  a  more  obtuse  angle.     The  short  and  broad  face  has  uide,  low  orbits,  a  broad  and 

^'■^  « «Dst  quadrilateral  opening  of  the  noše,  and  a  uide  pair  of  jaws,  the  louer  with  an  approxi- 

f?*^^y  scjuare  angle.     If,  as  is  most  probably  the  čase,  the  head  is  orthognathous^  the  edges  of 

l"^^^    leeth  tend  to  form  part  of  an  antero-|K)sterior  cur\e,  uhich  is  particularlv  marked  in  the 

^^  *  ^>n  of  the  molars.     It  is  to  be  noted,  however,  that  some,  or  any,  of  these  features  may  l^e 

■"^d  in  a  face  of  the  opposile  ty|>e. 

-^^_^^^  Dimensions  of  the  Skull.— The  actual  length  of  the  various  diameters  is  of  much  less 

l^*"^*jrtance  than  their  relations  to  one  another  in  the  science  of  craniologv ;  thev  may,  houever, 

•    ^*  mportant  in  medico-legal  questions.     \Vith  the  exception  of  the  height,  they  var>'  u  ithin 

^  ^^  limits,  even  among  Caucasians.     In  the  following  table  the  means  of  both  sexes  are  from 

Malcs.  Femalc«. 

Mean.  Nfillinictres.     Millimetres. 

Length 182  174 

Breadth 145  135 

Height 132  125 
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Femiiles 13^  I55"  "090 

A  skull  with  a  capacily  exccediiig  145«  cubic  cenlinietKS  is  megacepkalic ;  one  »ith  a 
capacitvirom  1350  to  14511,  mesoctphalic  ;  one  belo w  1350,  murocephahc. 

Nlanouvrier  has  devised  a  fomiula  for  cakuhilin);  Ihe  w<right  of  the  brain  frum  the  cranial 
capacit)-,  as  iollows  :  weiKht  in  graninies  is  to  cnpacitj  in  culiic  ccntinictres  ;ls  i  lo  0,87. 

AayRimetry. — The  uliule  head  is  alniost  ulu'ay>>  iisjtiinieirical.  The  left  side  of  the 
cranium,  as  shown  by  hatters'  niodels,  is  largcr,  tsp*;cially  In  ihe  fronta!  region.  The  righl 
sitie  crf  the  head  is  usually  the  highet.  The  cause  of  this  is  prul)ably  to  be  tound  in  habitual 
position.  The  spine  is  not  held  syinnietrically,  but  the  atlas  inclincs  lo  the  left ;  the  head,  wbeo 
held  most  tirmly,  doc-s  not  rest  even!y  on  both  <.\>ndyles,  but  on  one,  usually  the  left.  Th« 
poNitlon  of  the  head.  thus  taken,  is  noi  i-noUKh  to  compensale  for  the  obliquity  of  the  base ;  but 
certain  changes  take  plače  in  the  relations  oT  the  coniponcnt  parts.    Thus  a  face  which  seetns 


to1erably  symnietrical  when  rcsiing  on  Ihe  left  condyle  only  becomes  quite  uncven  if  placed 
upon  both.  The  right  orbit  is  uiuallv  the  higher,  the  right  side  of  the  iaw  is  the  stronger,  and 
its  teeth  are  sct  in  a  smaller  curie.  The  tip  ol  the  noše  tums  to  the  right.  Moreover,  the  face 
lacks  synmietry  'n  anoiher  direction  :  the  nghi  upper  jaw  and  the  malar  botw  are  more  promi- 
nent  than  the  left.  More  strikin^  difterenees,  depending  on  ihese.  are  seen  during  life,  whk^ 
are  ascribed  lo  the  edect  of  gravitj-  on  soft  parts  hahitunlly  held  unevenlv.  the  right  Mde  beinR 
Ihe  htglier.  The  right  eye  is  the  higher  and,  apparently.  the  larger,  the  lids  being  farther  apart ; 
while  the  cleft  is  narrow  on  the  left  .ind  Ihe  eye  nearer  the  noše,  The  left  nostni  is  the  larg;er  ; 
the  Ifft  fold  of  the  cheek  is  less  niarki-d.  In  a  certain  proportion  of  [lersons  ali  these  peculianties 
are  reversed,  and  some  of  iheni  miiv  be  transposed  u-ithout  the  others. 

Growtb  >nd  Age  of  the  Skull.— Hy  the  sixth  moiith  of  firlal  life  the  skuH,  though  smaller.  is 
in  much  the  same  condition  as  at  birth,  except  that  then  the  occipital  region  is  relatively  larger. 
The  most  striking  poinls  are  the  insi^ificancc  of  the  face  and  the  (I.itness  of  the  inferior  surface. 
In  the  cranium  Ihe  fr0nt.1l  region  is  relativelv  small.  The  vault.  uhich  is  developed  in  mem- 
brane, prescnLs  marked  prominences  at  the  |iarietal  and  fronlal  eniinences,  and  a  smaller  one  at 

'  i-"xtreme  ca.ses  orcisionallv  pass  these  limits.  There  is  in  Ihe  Warren  Museum  the  sktill 
of  a  llighlander  wilh  a  <-apacity  of  1990  ciiliic  cciitiniclrt-s.  atid  one  nf  a  tali  man.  presumal>ly  an 
AtiierifMn,  whii  roulil  read  and  write.  thniigh  his  inlflliKence  »iis  defective.  witri  a  capacity  of 
i  I3S  cubic  n-nlimetres.  Tumer  has  noted  the  skull  of  a  female  Australian  of  930  cubic  centi- 
metres"  capacity. 
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ihe  extemal  occipital  protuberance,  from  which  radiating  lities  in  the  bone  mark  the  process  of 
de\-elopnient  The  bones  of  the  vault  are  excecdinglj'  thin.  Each  is  separate,  the  cxtenia1 
periosieum  and  the  dura  unjting  al  Ihe  edges,  thus  hmiting  the  spread  of  an  effusion  dnder  the 
tormer  to  one  bone. 

Six  places  where  there  are  considerable  membranous  iiitervals  bt:twe*:n  the  developing 
bones  are  called  fontanelles.  Thev  are  situated  at  the  four  angles  of  the  parietal  bones,  so  that 
two  are  median  and  two  are  on  either  side,  The  median  ones,  by  far  the  most  prominent,  are 
Ibe  anterior  and  posterior  funtanelles.  The  aiUerior  fontanelU,  an  important  landniail:  in  mid- 
wifer)-,  is  a  diamond-shaped  space  bctween  the  roundcd  angies  of  the  parietals  and  frontals,  some 
thirty-five  millimetres  long  by  twenty-five  milUmetres  bruad,  This  one  continues  to  grow  after 
birth,  and  is  not  closed  till  some  lime  in  Ihe  first  half  of  the  second  year,  or  even  laler.  The 
tosterior  fimtanelU  is  situated  at  the  apex  of  the  Mjuamous  portion  ol  tlie  occipital,  extending 
betu'een  tne  parietals.  Al  an  early  stage,  owing  10  the  median  tissure  in  the  occipital.  it  is 
diamond-shaped,  but  later  it  is  triangular.  The  space  is  more  or  less  filled  up  in  the  lasi  two 
months  before  birth,  but  it  may  not  be  truly  closed  for  a  month  or  tu'o  after.  The  anterior 
Uierai /oHianrlle  is  3  small  unimportant  space  at  the  lower  anterior  angle  of  the  parietal,  above 
the  great  wing  of  the  sphenoid,  and  exlending  around  it.  It  usually  closes  at  from  two  to  three 
months  after  birth.  The  patt  between  the  sphenoid  and  squamosal  is  likely  to  persist  the 
longest.    According  to  Sutton,'  in  early  foetal  Itfe  the  orbito-sphenoid  bone  reaches  the  lateral 
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wall  of  the  skull  at  ihis  point,  and  a  piece  of  cartilaf^e  belon^ng  lo  it  is  found  in  this  fontanelle. 
It  becomes  bone  in  the  course  of  the  first  year,  and  may  unite  with  either  sphenoid,  temporal, 
frontal.  or  parietal.  or  persist  as  the  epiptertc  bone.  It  most  often  joins  the  parietal.  The  pos- 
lerior  lateral  /ontanflle,  under  the  corresponding  angle  of  the  panetal,  extends  down  belween 
the  temporal  and  the  occipital.  It  is  lai^rer  than  the  preeeiling,  and  mav  be  very  disiinct  for  a 
month  or  more  after  birth.  Its  complete  closure  is  said  never  to  occur  before  the  twelfth  month, 
and,  perhaps,  usually  not  till  the  second  year.'  The  sagittal  fontanelle  (see  Ossificalion  of 
Parietal)  may  be  presen!  at  the  seventh  month  of  f(Etal  life,  or  later.  The  obligue  tissure  ^t  the 
Kne  of  junction  of  the  two  parts  of  the  souamous  portion  of  the  occipital  persists  till  after  birth, 
and  mufit  ttot  be  mistaken  for  an  effect  ot  violence. 

The  mastoid  process  does  not  exisi  at  birth.  The  tympanic  bone  is  a  mere  frame  for  the 
ear-dmm.  The  base  of  the  cranium  is  verj-  flat.  The  condyles  are  barely  prominent,  and  the 
basilar  process  rises  but  slightlv. 

In  the  first  year  the  ouler  surface  of  the  bones  of  the  vault  becomes  smooth.  The  l>ones  gain 
in  thicknes,«!.  and  in  the  second  vear  the  diploe  appears.  At  Ihe  same  time  the  ja^Ked  poinls 
<ie^'e]op  in  the  sutures,  and  at  the  end  of  that  year  the  metopic  suture  betneen  the  frontals 

ii..  1S84. 
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The/airr,  while  helping  to  form  the  orbit  ind  nxsal  ca\  ities  k  es.scnliallv  for  the  jaws,  and 
the  iawM  for  the  teeth.  The  p-eitcst  ehant,e  in  the  htad  aflcr  birth  is  the  dounuard  K">wth  of 
the  iacv.  Aca>rdinK  lo  Frunep  m  the  infdiit  tht  face  is  to  the  cranium  as  i  to  8  ;  nt  two  >*ears 
as  1  tu  6;  at  l^ve,  as  i  tu  4  it  tin  as  1  to  3  111  (l)e  t,rown  uuman  as  1  tu  2.5;  in  ihe  man 
as  I  to  1.  On  contrastini,  tht  front  Mew  in  the  infiiit  and  idult  loiintin^  as  "face"  ali  belotv 
a  line  at  the  tup  uf  the  urbiL  -ind  -is  craiiiuni  -ill  nboie  it  it  uill  be  seen  that  in  the  infant 
the  cranium  forms  ab»ut  one  hnlt  and  m  the  adult  much  less  The  louer  horder  uf  the  naaal 
opeiiinK  is  al  birth  Imt  \er>  httle  beluw  the  orbit  A  hne  cunneciiiig  the  lowcst  uuiiitsof  the 
mahir  buiies  passes  at  this  a^^e  midua^  betvetn  the  nasal  openmg  -incl  the  horder  uf  the  alveolar 
process.  At  liirth  ihe  nasal  aperture  is  relaiuel)  broad  its  louir  burder  is  iiut  shaipl/  marked 
of!  from  the  face  A  Ime  from  the  nasal  spine  runa  outw  ird  to  end  m  ide  the  cavity,  and  the 
crest  from  the  oiiter  border  is  stili  nidimentarj  endin^  shortl>  on  the  front  of  the  face,  so  that 
at  the  outer  an^lc  there  is  no  distinct  separation  betuecn  fice  ind  nasal  cavity.'  The  nasal 
cavity  Ls  shallo«-,  the  postenor  nares  \eo  small  Ihe  ^unler  slants  stron);Iy  f6rward.  The 
louer  jawis  sniall  and  the  nnKleuf  the  rimus\er>  ohtuse  The  alveolar  processes  are  rudi- 
mentary.    The  breadth  of  the  sknll  at  its  ividesl  equab  or  Lxceeds  the  combined  height  of  the 
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The  breadth  of  the 


The  ikull  al  birth.  Ii 


cranium  and  face  in  the  infant ; 

face  is  to  its  hei)>ht  as  10  to  4  at  birth,  and  about  a 

McrkcI  divides  the  K^o^Ih  of  the  head  inlu  two  perioda,  wilh  an  interveninK  one  of  rest 
The  first  ends  with  the  seventh  vear.  and  is  follnued  by  innctivity  till  puberty.  when  the  second 
period  begins.  'I)\k  firsC period  mi\\-  be  subdivided  into  thrce  stajtes.  In  W\>:  first  stage,  rcach- 
ITIK  to  the  end  of  the  first  year,  thi'  Krowth  is  general,  but  the  face  gains  on  the  cranium.  At  six 
monflis  the  basilar  priKx-ss  rises  more  shari>ly.  which,  with  the  downward  RTOivth  of  the  face,  has 
an  imiMirt-int  elfecl  <m  the  sha)ie  iif  the  naRo-[>haijnx,  The  lower  part  of  the  nasal  cavity  K^Jns 
particularlv.  The  |M>slerJor  openiuK  doubles  its  si/c  in  the  lirst  !Ax  montlis.  to  remain  statioiiary 
lili  the  enJ  of  tlie  second  year.  In  the  second  slagc.  to  the  end  of  the  tifth  year,  the  vaull  Kfovn 
niiire  tlian  Ihe  liase,  assumint;  a  more  ruunded  and  finished  appearance.  The  face  stili  Rains 
relalivelv.  but  fr'ou's  mure  in  breadth  than  in  height.  In  the  third  stagf,  corres|¥indin(^  rouehl)r 
to  the  seventh  vear,  the  hast-  ktous  more  and  the  vaiilt  less.  The  face  len^thens  coiisiderMtly, 
tht-  tn'o»-th  it)  tile  nasal  chunil)ers  lieini;  chicilv  hi  the  lo»-er  part.  The  head,  thon^h  small.  has 
liist  thf  iiifarilik-  usjh-i-I,  The  furaineii  m.ismim  and  tht-  iX'lruus  imrtiun  uf  the  tcm|H)raI  have 
n-athi-d  thdr  full  si«-,  anil  tlit-  orbit  \tTy  iiearlv,  The  pariel.il  anil  frontal  eminences  are  stili 
ver>-  )iron)in>-nt.      TIk-  masluid  is  rudimeiuar)-.     This  condition  lasts  till   put)cny,  when  the 
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secomd period  b^ns.  This  is  marked  by  growth  in  ali  directions,  the  gradual  rounding  ofT  of 
thc  eminences  of  Ihe  vault,  the  progress  of  the  mastoid,  the  strengthening  of  ridges,  the  greater 
curving  of  the  zygomatic  arches,  and  the  increase  of  the  face.  This  last  is  due  chiefly  to  the 
advance  of  the  noše,  the  gain  of  the  superciliary  eminences,  and  the  increase  of  the  lovver  jaw. 
The  rise  of  the  basilar  process  increases  and  the  occipital  condvles  stand  out  more  from  the  bases 
at  the  front  edges.  These  processes  are  nearl^  linished  in  tne  feniale  by  nineteen  and  in  the 
male  one  or  two  years  later,  though,  especiallv  in  the  latter,  they  reciuire  several  years  more  for 
their  absolute  completion.  The  thickness  of  the  vault  is  ver>'  nearly  reached  by  puberty.  At 
seven  the  frontal  sinus  is  only  as  large  as  a  pea.  Its  development  is  not  completed  before  the 
twentieth  year.     There  is  no  means  of  knowing  uhether  or  not  it  then  entirely  ceases. 

Tlie  orbit  bears  nearly  the  same  proportion  to  the  cranium  at  aH  ages  ;  but  at  birth  it  equals 
about  one-half  of  the  height  of  the  face,  and  in  the  adult  rather  less  than  one-third.  At  birth  the 
2ucis  of  the  orbit  is  horizontal.  \Vhile  sometimes  the  transverse  diameter  of  the  base  of  the  orbit 
is  much  the  larger,  this  does  not  seem  to  be  always  so.  As  the  face  grovvs  the  vertical  diameter 
increases  rapidl^,  so  that,  according  to  Merkel,  at  nve  the  base  lacks  onlv  two  or  three  millimetres 
of  the  adult  height,  uhich  it  gains  in  the  next  two  years.  The  full  breadth  is  probably  not 
attained  before  pubertv. 

The  changes  in  tne  nasal  cavity  are  important  as  an  essential  element  in  the  grovvth  of  the 

fiace.     At  birth  the  line  of  the  hard  palate,  if  prolonged  back,  uould  strike  near  the  junction  of 

the  basilar  process  and  sphenoid  ;  at  three  it  strikes  near  the  middle  of  the  basilar  ;  at  six,  the 

£ront  edge  of  the  foramen  maenum,  which  is  nearly  or  quite  the  condition  of  the  adult.     The 

sneasurements  of  tlie  vertical  aiameter  of  the  choanae  are  important  from  their  significance  with 

s^egard  to  both  the  noše  and  the  pharynx.     At  birth  the  height  is  from  five  to  six  millimetres 

(seven  millimetres  is  exceptional)  and  the  breadth  of  each  opening  very  little  greater.    At  from 

^x  months  to  a  year  both  diameters  have  doubled,  their  proportions  remaining  unchan^ed. 

2 1  bere  is  little  change  before  the  end  of  the  second  year,  when  the  height  increases  more  rapidlv. 

Thus  they  change  5om  circular  to  oblong  openings.     It  is  not  till  after  puberty  that  the  height 

c£xceeds  the  distance  between  the  intemal  pterygoid  plates. 

HEIGHT  OF  POSTERIOR  NARES. 

Aiitbority.                                                                                              Age.  Sex.            Millimetres. 

Disse 4  male                 16 

Disse 5  female               11 

Escat 5  15 

Escat 8  18 

Duight 7  or  8  20 

rh%'ight 7  or  8  21 

Dwight 10  female               22 

Du'ight II  22 

Dwight 14  female               22 

Escat 14  20 

Dwight 15  male                23 

Ehvight 16  >^  female               23 

Ehvight 17  female               19 

Ehvight 18  male                29 

I>*'ight 19  male                24 

Escat 15  to  18  (9  cases)  25 

The  Closure  of  the  Sutures. — ^The  occipital  bone  unites  with  the  basisphenoid  at  the 
cerebral  aspect  about  seventeen  and  on  the  outside  of  the  skull  some  three  vears  later.  The 
k>wer  end  of  the  suture  betueen  the  occipital  and  the  mastoid  process  is  one  of  the  first  to  close. 
\Ve  have  seen  it  lost  in  a  skull  of  fourteen,  of  vvhich  the  other  bones  vvere  almost  falling  apart. 
No  doubt  this  was  exceptionally  early.  The  closure  of  the  great  sutures  of  the  vault  *  ( to  uhich 
the  term  is  usually  applied)  begins  on  the  inside  of  the  skull.  probably  before  thirtv-,  at  the  lower 
ends  of  the  coronal  and  at  the  back  of  the  sagittal,  and  spreads  irregularly.  The  process  is 
generany  far  advanced  before  it  appears  on  the  outside.  The  closure  of  the  sutures  on  one  side 
of  the  head  does  not  necessarily  follovv  the  same  course  on  the  other.  It  has  usually  begun  on 
the  outside  by  fort^r,  although  the  sutures  are  stili  distinct.  The),-  probablv  are  nearlv  or  quite 
obliterated  on  the  inside  by  fift>-five.  The  apex  of  the  lambdoiclal  suture  is  one  of  the  last 
points  to  persist  intemally.  It  is  impossible  to  state  with  accuracy  the  time  at  which  the 
sutures  disappear  on  the  outside,  as  this  mav  never  occur,  and  the  process  throughout  is  utterly 
irr^i^lar.  Ali  mav  be  gone  ver>'  early  or  ali  mav  be  distinct  at  an  advanced  ajj^e.  \\'hen  the 
metopic  suture  faifs  to  close  in  earlv  childhood  it  is  one  of  the  ver\'  last  to  disappear.  It  is 
unsaie  from  the  sutures  alone  to  draw  any  conclusions  as  to  the  age  of  a  skull. 
The  weight  of  the  skull  in  both  sexes  is  greatest  from  twenty  to  forty-five.* 
The  changes  in  old  age  are  essentiallv  atrophic.  The  most  striking  is  the  absorption  of 
thc  alveolar  processes  ;  this,  however,  may  occur  prematurely  from  the  loss  of  leeth.  The 
angle  of  the  Iower  jaw  becomes  much  more  obtuse.    The  thin  parts  of  the  face  and  of  the  base 

*  Ehvight :  The  Closure  of  the  Cranial  Sutures  as  a  Sign  of  Age,  Boston  Medical  and  Sur- 
gical  Toumal,  1890.     Parsons  :  Anthrop.  Institute  G.  Brit.  and  Ireland,  vol.  xxx,  1905. 
'Gurriere  and  Massetti :  Rivista  speriment.  di  Freniatria  e  de  Med.  legale,  1895. 
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of  ihe  skull  become  stili  thinner  and  may  be  quite  absorbed.  The  thinning  of  the  vault  is  less 
inarked.  Occasionally,  in  extrenie  age,  symmetrical  depressions  appear  in  Ihe  upper  parts  crf 
Ihe  parietals  behind  the.vertex.  In  the  latter  part  of  life  the  frontal  sinuses  enlarge,  as  the  inner 
table  foHovvs  the  shrinking  brain.  In  some  rare  cases  the  skull  grows  heavier  in  old  age,  owiiig 
to  an  increase  in  thickness  of  the  inner  table. 

DifTerences  due  to  Sex.— There  is  no  niarked  sexual  difference  in  skulls  up  to  puberty. 
These  characteristics  appear  during  the  last  stage  of  grovvth.  Thev  may  be  summed  up  by 
saying  ihat  the  female  skull  differs  less  than  the  male  from  that  of  childhood.  The  parietal  and 
frontal  eminences  are  more  prominent ;  the  superciliar>'  prominences  and  glabella  less  marked  ; 


regions  are  less  develo|x;d  th.nn  the  p«irietal.  Two  points  are  of  especial  value,— namely,  in  the 
feinale  skull  the  change  of  direction  from  the  forehead  to  the  top  of  the  head  is  more  sudden, 
suggesting  a  definite  angle,  vvhile  in  man  the  passage  is  imperceptible  ;  and,  secondly,  in  man  a 
weage-shaped  growth  above  the  front  of  the  condyTe  is  more  developed,  so  «is  to  throw  the  face 
higher  up.  There  is  no  trouble  in  reco^izing  a  typical  skull  of  either  sex  ;  but  in  many  cases 
the  decision  is  difficult,  and  sometimes  impossible. 

Surface  Anatomy. — It  is  convenient  for  many  reasons  to  settle  on  what  shall 
be  called  the  normal  level  of  the  skull.  This  should  be  parallel  with  the  axb  of  the 
eye  when  looking  at  the  horizon.  It  is  expressed  by  a  plane  passing  through  the 
p>oints  above  the  middle  of  each  external  auditory  meatus  and  the  lowest  points  of 
the  anterior  border  of  each  orbit.  A  simple  method  is  to  regard  the  upper  border 
of  the  zygoma  as  horizontal,  but  this  is  not  sufhciently  accurate  with  skulls  of  low 
races.  The  following  parts  are  easily  explored  by  the  finger  :  the  whole  of  the  vault 
as  far  as  the  supcrior  occipital  line,  the  occipital  protuberance  behind,  and  the  supe- 
rior  temporal  ridges  at  the  sides.  Often  the  bregma  and  sometimes  the  chief  sutures 
can  be  madc  out.  The  possibilitv  of  parietal  depressions  is  to  be  remembered  in  cases 
of  injury  ;  also  that  they  may  be  expected  to  be  symmetrical. 

The  superciliarv  eminences  and  the  upper  borders  of  the  orbits  are  easily 
explored.  The  prominence  of  the  former  is  likely  to  imply  a  large  frontal  sinus  ; 
but  the  converse  is  not  true,  for,  especially  in  the  latter  part  of  life,  there  may  be  a 
large  sinus  with  no  external  indication.  The  sinus  aKvavs  extends  downward  to  the 
inner  side  of  the  orbit,  but  its  expansion  outward  and  backward  is  very  uncertain. 
The  external  angular  process  protects  the  outer  side  of  the  eye,  and  one  or  both 
temporal  ridges  can  be  followed  from  it.  The  suture  betvveen  the  process  and  the 
malar  is  easily  felt  through  the  skin.  A  line  connecting  the  most  prominent  points 
of  the  zygomatic  arches  indicates  the  depth  of  the  orbits. 

The  zygoma  is  easily  follovved  backward  to  the  auricle.  By  pressing  the  latter 
foru^ard,  the  supramastoid  crest  can  be  made  out.  Just  below  this  is  the  spina  supra- 
meatum,  closc  to  the  cartilaginous  meatus.  The  outside  of  the  mastoid  is  easily 
explored.  The  course  of  the  lateral  sinus  is  in  a  curved  line  with  the  convexity 
upward  from  the  external  occipital  protuberance  to  the  upper  part  of  the  mastoid, 
only  the  lower  part  of  the  sinus  touching  a  straight  line  betvveen  those  points. 
According  to  Birmingham,  the  descending  part  follows  roughly  the  line  of  the 
attachment  of  the  ear.  There  is,  however,  great  variation  in  its  course  as  to  the 
sharpness  of  its  descent  and  its  relation  to  the  surface  of  the  mastoid.  It  may 
be  exceedingly  close,  or  in  no  particular  relation  to  it  (Figs.  199,  200,  and  de- 
scription  of  the  temporal  bone,  page  179).  The  antriim  leading  to  the  mastoid 
cells  is  just  back  of  the  upper  part  of  the  meatus;  often  under  a  small,  smooth 
surface. 

The  antrum  of  Highmore  in  the  superior  maxilla  extends  upward  to  the  floor 
of  the  orbit.  out\vard  into  the  malar  prominence,  downward  to  just  above  the  line  of 
reflection  of  the  inucous  membrane  from  the  lips  to  the  alveolar  process,  and  inward 
t«>  the  line  of  attachment  of  the  ala  of  the  noše,  which  is  al>ov'e  the  canine  eminence 
and  marks  the  st-paration  of  the  antrum  from  the  nasal  cavitv. 

The  variations  of  the  upper  end  of  the  infundibulum  are  of  interest.  In  the 
casrs  <  al)out  one-half )  in  \vhich  it  drains  the  fn^ital  sinus  it  is  easv  for  fluid  from  the 
l.itt<T  t«>  run  throuijli  the  infnndihulum  b<nh  into  the  nasal  cavitv  through  the  hiatus 
MMnilunaris  and    iiito   the  antrum   through    the  ojK^ning  in  its  outer  side.      If  the 

'  (rurriere  and  Massetti :  Kivista  speriment.  di  Freniatria  e  de  Med.  legale,  1895. 
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infundibulum  ends  blindly,  there  is  less  likelihood  of  inflammation  spreading  froni 
the  frontal  sinus  to  the  antrum.  The  nasal  bones  and  their  junction  with  the  nasal 
oartilages  are  easily  recognized.  The  ramus  and  body  of  the  lower  jaw  are  to  be 
cxamined  from  the  outside.  The  head  and  coronoid  process  are  felt  more  easily  if 
Che  mouth  be  opened. 

PRACTICAL   CONSIDERATIONS. 

The  Cranium. — In  the  development  of  the  cranium,  provision  is  made  for  its 
oontinuous  enlargement,  so  that  it  may  accommodate  the  rapidly  growing  brain. 
-Accordingly,  the  first  rudiment  is  a  membranous  capsule,  at  the  base  of  which  carti- 
lage  is  soon  formed,  giving  support  to  the  overlying  portions.  Then  several  centres 
of  ossification  appear  in  various  portions  of  the  membrane  and  grovv  quickly,  so  as 
%o  protect  the  cerebral  mass,  the  membrane  remaining  between  these  centres  stili 
permitting  the  growth  and  expansion  of  the  contents.  Finally,  the  separate  bones 
l)ecome  united,  first  at  their  edges,  then  at  their  angles,  to  make  the  complete 
minyielding  bony  cranium. 

Arrest  of  these  processes  at  various  stages  produces  the  equally  various  forms 
of  malformation,  only  a  few  of  which  need  be  mentioned  here.  It  is  to  be  observed 
that,  as  a  nile,  they  aflfect  that  part  of  the  cranium  that  is  of  membranous  origin,  the 
base  (develof)ed  from  cartilage)  being  much  more  rarely  involved.  Turner  (quoted 
by  Allen)  states  that  this  is  because  the  areas  of  the  different  bones  are  less  precisely 
deiined,  and  because  the  process  of  ossification  is  more  liable  to  disturbance  in  mem- 
brane than  in  cartilage. 

In  some  cases  the  whole  calvaria  may  be  lacking  and  represented  only  by  a 
membrane.  Fissures  extending  from  the  margins  of  the  bones  towards  the  centres 
may  exist,  especially  in  the  frontal  and  parictal  bones,  and  mav  be  mistaken  for 
fractures.  Other  irregular  gaps  filled  vvith  membrane  may  be  found,  and  are  gen- 
erally  situated  at  or  near  the  natural  foramina  for  vessels.  The  ossification  of  the 
bones  may  be  so  incomplete  as  to  constitute  vvhat  is  called  aplasia  cranii  congenita^ 
a  condition  in  infants  due,  usually,  to  maternal  cachexia,  and  characterized  by  the 
absence  of  bone  either  in  localized  patches  or  at  points  scattered  over  the  entire 
cal\'aria. 

The  non-closure  of  the  sutures,  or  defective  development,  may  be  followed  by 
protrusion  of  the  dura  mater,  either  with  or  without  part  of  the  brain,  constituting  a 
meningocele  if  the  protrusion  consists  onlv  of  the  membranes  and  cerebro-spinal 
fluid  :  an  encephalocele  if  it  contains  brain  ;  or  a  hjdrencephalocele  if  the  contained 
brain  is  distended  by  ah  excess  of  ventricular  fluid. 

These  protrusions,  in  the  order  of  frequency,  occur  (a)  in  the  occipital  region  ; 
(^)  at  the  fronto-nasal  junction  ;  (r)  in  the  course  of  the  sagittal,  lambdoidal,  and 
other  sutures  ;  {d)  at  the  anterior  or  lateral  fontanelles,  and  at  the  base  of  the  cranium, 
entering  the  orbit,  noše,  or  mouth  through  normal  or  abnormal  openings. 

In  hydrocephalus  there  are  practically  always  atrophy  and  thinning  of  the 
cranium.  **The  deformities  of  hvdrocephalus  are  largely  determined  by  the  con- 
dition of  the  sutures  at  the  tirne  of  the  occurrencc  of  the  disease.  Fixation  at  the 
line  of  the  sagittal  suture  causes  bulging  at  the  forehead  and  the  occiput.  Fixation 
at  both  the  lambdoidal  and  the  sagittal  sutures  causes  vertical  bulging  at  the  line  of 
the  coronal  suture  and  enormous  increase  of  the  ascending  portion  of  the  frontal 
bone.  Should  the  intracranial  pressure  announce  itsclf  prior  to  the  closure  of  anv 
of  the  sutures  of  the  vertex,  the  several  bones  composing  it  become  widely  separated 
and  the  fontanelles  enormouslv  increased  in  size"  (Allen). 

In  microcephalus  there  is  diminution  in  the  size  of  the  cranium  and  of  its  cavitv, 
due  to  premature  ossification  of  the  sutures.  The  subjects  of  microcephalus  are 
usually  idiotic.  The  operation  of  'Minear  craniotomv.*'  by  which  a  strip  of  bone  is 
excised  on  either  side  of  the  median  line  of  the  cranium,  \vas  inlended  to  permit  of 
the  expansion  of  the  brain  in  such  cases.  It  has  not  established  itself  in  surgical 
favor.  The  arrested  ^ro\vth  of  the  skuU  is  thought  to  bc  due  to  the  arrested 
development  of  the  brain,  and  not  vice  versa.  The  skulls  of  idiots,  even  when  not 
niarkeclly  microcephalic,  approximate  in  many  \vays  to  those  of  the  lo\ver  animals. 
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and  form  a  distinct  type  characterized  by  the  proportionate  largeness  of  the  facial 
lK)nes,  the  contraction  of  the  brain-case,  especially  in  front  and  above,  the  upward 
slant  of  the  occipital  bone  between  the  foramen  magnum  and  the  occipital  crest,  the 
projection  backward  of  the  frontal  bone  between  the  parietals  at  the  situation  of  the 
anterior  fontanelle,  and  by  niany  minor  peculiarities. 

In  spite  of  these,  ho\vever,  they  are  easily  rcferrcd  to  the  human  species  by  the 
descent  of  the  cranial  cavity  below  the  level  of  the  glenoid  fossa,  the  number  of  the 
nasal  bones,  the  shape  of  the  jaws,  the  number  and  direction  of  the  teeth,  etc. 

Cretinism  is  said  to  be  associated  with  initial  deformities  of  the  base  pertaining 
to  errors  of  development  and  trophic  changes  in  the  bones  arising  from  cartilage, 
especially  the  basilar  process  of  the  occipital  and  the  body  of  the  sphenoid. 
Accessory  to  these  deviations,  and  in  a  measure  dependent  upon  them,  are  the 
modified  facial  proportions  and  dental  irregularity  of  cretins. 

The  \Vormian  bo?ics,  '  *  detached  centres  of  ossification  in  the  marginal  area  o£ 
growing  membrane  bones,  which  they  aid  in  occupying  intervening  spaces  among 
the  bones  themselves,"  ha  ve  been  depressed  in  injuries  of  the  skull,  and  have 
resembled  fragments  of  bone  pressing  against  the  meninges.  The  edge  of  such  a 
bone  has  been  mistaken  for  a  line  of  fracture.  The  most  frequent  cause  of  the 
formation  of  Wormian  bones  is  the  stretching  of  the  membranous  envelope  of  the 
cranial  cavity  which  occurs  in  hydrocephalus,  assistance  in  the  completion  of  the 
cranial  cavity  being  supplied  by  Wormian  bones^  which  may  form  in  numbers,  espe- 
cially  along  the  sagittal,  lambdoidal,  and  squamous  sutures. 

The  fact  that  in  development  the  cranial  bones  touch  first  and  unite  first  at  the 
points  nearest  their  centres  of  ossification  explains  the  formation  and  situation  of  the 
fontanelles.  The  four  sides  of  each  parietal  bone,  for  example,  become  united  to  the 
four  surrounding  bones  earlier  in  the  middle  than  at  the  four  angles.  At  the  latter, 
therefore,  there  remain  spaces  covered  with  membrane. 

The  anterior  /opitaneiie,  at  the  junction  with  the  frontal  of  the  antero-superior 
angles  of  the  parietal,  is  the  largest,  and  is  not  closed  for  from  one  to  two  years  after 
birth.  In  rickets  its  closure  is  much  retarded.  Its  condition,  as  to  fulness  or  the 
reverse,  gives  a  valuable  indication  in  many  of  the  diseases  of  children.  In  a  state 
of  health,  the  opening,  while  stili  membranous,  is  level  with  the  cranial  bones  or  is 
very  slightly  depressed.  Systemic  exhaustion,  malnutrition,  diseases  associated 
with  depletion  of  the  vascular  system,  gastric  catarrh,  chronic  diarrhcea,  and  maras- 
mus,  or  simple  atrophy,  ali  produce  a  marked  depression  of  the  fontanelle,  which  in 
the  great  majority  of  cases  indicates  feeding  and  stimulation. 

A  bndt  de  sonffle  of  greater  or  less  intensity,  and  synchronous  with  the  pulse,  is 
often  heard  o  ver  the  anterior  fontanelle,  and  waa  at  one  time  thought  to  be  charac- 
teristic  of  rickets  and  of  hydrocephalus,  but  has  little  diagnostic  significance. 

The  thickness  of  the  skull  varies  in  individuals,  in  the  various  portions  of  the 
skull,  and  often  even  in  the  two  halves  of  the  same  skull. 

Humphry  observes  that,  as  he  has  often  found  the  skull  to  be  thick  in  idiots, 
and  the  several  bones  to  be  thickest  when  the  skull  is  small, — />.,  when  the  brain  is 
small, — **  the  term  *  thick-headed,*  as  a  synonym  for  *  stupid,'  derives  some  confirma- 
tion  from  anatomy."  Anderson  says,  however,  that  the  weight  of  the  brain  does 
not  seem  to  have  any  relation  to  the  thickness  of  the  skull,  although  this  does  not 
affect  the  truth  of  the  statement  that  as  the  brain  diminishes  with  age  the  skull  is  apt 
to  thicken,  the  addition  of  bone  taking  plače  on  the  interior  and  giving  rise  to  the 
irregular  surface  with  close  dural  adhesions  often  met  with  in  operations  upon  the 
cranium  in  old  persons. 

The  middle  ccrebral  fossa,  the  centre  of  the  squamous  portion  of  the  temporal, 
and  the  middle  of  the  inferior  occipital  fosscne  are  the  thinnest  parts  of  the  skull, 
varving  from  1.75  millimetres  to  .85  of  a  millimetre,  and  in  exceptional  skulls  meas- 
uring  only  .  2  millimetre  in  thickness.  This  has  an  important  bearing  on  the  locadon 
of  fractures  (|>age  239).  At  the  parietal  eminence,  the  posterior  superior  angle  of 
the  parietal,  the  suj)erior  angle  of  the  ()cci|)ital,  and  especiallv  at  the  frontal  eminences 
and  the  occipital  protnberance  areas  of  thickening  are  found  ;  at  the  latter  point  the 
skull  mav  mc«isurc  fifteen  millimetrcs  in  thickness  C  Anderson).  The  average  thick* 
ness  of  the  remaining  {>arts  of  the  calvaria  is  from  five  to  7.5  millimetres. 
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In  trephining  these  general  facts  should  be  remembered,  as  should  the  occa- 
sional  want  of  parallelism  between  the  inner  and  outer  tables. 

The  shape  of  the  skull  is  influenced  by  race  and  by  disease.  The  racial  pecu- 
liarities  have  sometimes  a  medico-legal  significance,  but  cannot  be  dcscribed  here. 
(See  also  page  229.)     Pathological  asymmetry  is  caused  in  many  ways. 

In  rickets  the  head  is  enlarged,  and  this  enlargement  seems  greater  than  it 
really  is  on  account  of  the  retarded  growth  of  the  facial  bones.  Ali  the  fontanelles 
are  larger  than  usual  and  close  later.  The  anterior  fontanelle  is  sometimes  patent 
at  the  end  of  the  third  or  fourth  year. 

In  craniotabes  the  rhachitic  softening  of  the  bones  favors  absorption  under 
pressure.  Consequently  the  regions  most  aflfected  by  the  thinning  of  the  bones  are 
the  occipital  and  the  posterior  half  of  the  parietal,  which  are  between  two  forces, — 
the  expanding  and  growing  brain  within  and  the  supporting  surface,  as  the  pillow, 
without.     Various  peculiar  shapes  may  result. 

The  changes  in  hydrocephalic  and  microcephalic  skulls  have  already  been 
dcscribed. 

Syphilis  in  the  young  affects  especially  the  fronto-parietal  region,  producing 
thickening  or  nodes  of  those  bones  in  the  vicinity  of  the  anterior  fontanelle.  This 
site  is  probably  determined  by  the  vascularity  accompanying  growth,  as  this  is  the 
last  portion  of  the  cranium  to  become  bony.  Such  nodes  are,  therefore,  analogous 
to  the  rings  or  collars  that  form  in  the  long  bones  of  syphilitic  children  near  the 
epiphyses ;  the  immobility  of  the  cranial  bones,  however,  causes  the  exudate  to 
harden  rather  than  to  take  on  inflammatorv  action.  The  bulging  of  the  forehead  in 
some  hereditary  syphilitics  is  due  to  the  catarrh  of  the  frontal  sinuses  which  crften 
accompanies  the  Schneiderian  catarrh,  that  produces  first  the  so-called  •*snuffles" 
and  later  caries  of  the  nasal  bones,  with  the  characteristic  flattening  of  the  noše. 

In  adults  syphilis  of  the  cranium  usually  causes  necrosis,  spreading  from  the 
external  to  the  internal  table.  Necrosis  from  whatever  cause  is  more  apt  to  aflfect 
the  external  table,  which  is  more  exposed  to  injury  and  less  richly  supplied  with 
Uood. 

The  calvaria  is  far  more  frequently  attacked  by  disease  than  the  base,  doubt- 
less  from  its  gpreater  liability  to  traumatism. 

The  bones  of  the  cranium  are  supplied  with  blood  by  arteries  entering  from  the 
pericranium  on  one  side  and  from  the  dura  mater  on  the  other.  The  dural  supply 
IS  the  larger  ;  hence  the  foramina  on  the  inside  of  the  cranium  are  larger  and  more 
numerous  than  those  on  the  exterior,  and  hence  also  traumatic  detachment  of  the 
pericranium  over  considerable  areas  may  not  result  in  necrosis.  When  detached 
from  disease,  the  latter  (as  in  syphilis),  even  vvhen  originating  externally,  is  apt  to 
spread  along  the  vessels,  and  thus  cause  necrosis  by  finallv  aflfecting  the  dural  supply. 

The  meningeal  blood-vessels  running  on  the  exterior  surface  of  the  dura — the 
remnant  of  the  primitive  membranous  cranium  (Humphry) — and  sending  branches 
to  the  cranium  are  not  very  strong,  and  consequently  do  not  ofFer  much  resistance 
to  the  separation  of  the  dura  from  the  skull  ;  neither  do  their  branches  furnish  a 
very  large  quantity  of  blood,  surgicallv  considered.  It  follous  that  a  traumatic 
separation  of  the  dura  is  not  in  itself  a  lesion  followed  by  serious  consequences, 
unless  the  separation  takes  plače  at  or  about  the  situation  of  the  main  trunks. 
Hence,  when  an  extradural  clot  is  suspected  to  be  the  cause  of  grave  symptoms,  it 
is  usually  sought  for  first  over  the  anterior  inferior  angle  of  the  parietal  bone, — i,e,y 
about  three  centimetres  (approximately  one  inch  and  a  quarter)  behind  the  external 
angular  process  on  a  level  \vith  the  upper  border  of  the  orbit.  This  will  make 
accessible  the  region  of  the  main  trunk  and  the  anterior  branch  of  the  middle 
meningeal.  This  latter  branch  at  this  point  runs  through  a  bony  canal  on  the  inner 
surface  of  the  cranium,  and  is  therefore  frequently  torn  vvhen  fracture  occurs  in  this 
region.  An  opening  on  the  same  level,  but  just  below  the  parietal  eminence,  vvill 
permit  the  posterior  branch  to  be  rcached. 

The  venous  channels  (cmissarv  vcins)  connecting  the  sinuses  uithin  and  the 
superficial  veins  without  the  cranium  sometimes  convey  infective  disease,  such  as 
erysipelas  or  cellulitis  of  the  scalp,  and  thus  bring  about  a  septic  meningitis  or  sinus 
thrombosis. 
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Fig.  263. 


The  time-honored  custom  of  blistering  or  Iceching  behind  the  ear  in  intra- 
cranial  inflanimations  rests  on  the  fact  that  the  larf^est  emissary  vem  is  the  mastoid, 
traversing  the  mastoid  foramen  and  connecting  the  lateral  sinus  with  an  occipital 
vein  or  with  the  jMsterior  auricular.  (For  further  discussion  of  thcse  channels  o( 
comniunication,  see  the  section  on  the  Venous  System.  J 

While  the  spinal  dura  mater  bas  no  intimate  connection  with  the  inner  surfaces 
of  the  vertebrie  (bcing  separated  from  the  arches  by  adipose  tissue  and  from  the 
bodics  by  the  posierior  hgament),  the  dura  mater  o(  the  cranium  becomes  clo5ely 
attached  to  the  bones,  especially  at  the  base,  wherc  it  adheres  tightly  to  the  inan> 
ridges  and  proniincnces  and  to  the  edgcs  of  ihc  foramina  which  transmic  the  nerv«s 
and  vcsscis.  To  the  sides  and  summit  of  the  skull  the  dura  is  less  closely  attached ; 
hence  in  fracturcs  at  the  base  the  dura  is  gcnerally  torn,  and  the  risk  both  of 
serious  hemorrbage  and  of  infection  is  thereby  incrcased,  while  in  fracture  of  the 
calvaria  it  much  oftener  escapes. 

Fracturcs  of  the  Cranium. — That  fracturcs  in  this  region  are  not  vastly 
more  frequent  is  due  to  rarious  factors  ;  among  them  are  the  rouiided  shape  of  the 
calvaria,  causing  blows  to  glancc  ofi ;  the 
division  of  the  separate  bones  into  inner  and 
outer  tables,  with  the  comparatively  spongy 
diploe  intervening ;  and  the  curved  thicken- 
ings  which,  like  buttresses,  strengthen  the 
skull  externally,  and  extend  on  each  side 
through  the  supra-orbital  ridge  and  the 
upper  border  of  the  temporal  fossa  to  the 
mastoid  process  and  thence  to  the  occipital 
tiiberosity.  From  this  latter  point  on  the 
inner  surfacc  other  ridges,  like  the  groining 
of  a  roof,  run  foniard  in  the  median  line  to  the  frontal  bone,  downward  to  the  foramen 
magnum,  and  laterally,  on  cither  side  of  the  groove  for  the  lateral  sinus,  extend  to 
the  mastoid.  In  very  voung  persons  the  dome  of  the  skull  is  made  up  of  three  dis- 
tinct  arches  composed  of  the  occipital,  the  frontal,  and  the  parictal  bones.  In  child- 
hood  the  centre  ( the  most  prominent  portion)  of  each  of  these  bones  is,  on  account 
of  early  ossification,  thicker  than  the  rest.  while  the  edges  are  connected  by  mem- 
brane and  are  comparativcly  mo\-able.  These  mechanical  conditions,  together  with 
the  clasticity  of  the  individual  bones  in  young  persons,  make  fractures  of  the  skull  in 
them  comparalively  rare. 

In  thcadiilt  the  membrannus  iayer  betwccn  the  sutures  becomes  thinner  ordisap- 
pears  and  the  bones  denser  and  less  ela.stic  :  they  are,  therefore,  more  easily  fractured. 
The  t«o  tables  mav  be  broken  sep-irately,  although  this  is  rare.  In  almost  ali 
cases  in  which  fracture  is  complete  the  inner  table  siiffers  more  than  the  outer. 
This  is  becanse  (a)  it  is  more  brittle  ;  (d)  the  fibres  on  the  side  of  greatest  tirajn 
sufier  most  (as  in  "  green-stick"  fracture)  ;  (c)  the  material  carried  inward  from 
uithonl  is  greater  at  the  levcl  of  the  inner  table  than  at  the  point  of  applicadon  of 
the  cxtornal  force. 

Agnew  explains  this  diagrammatically  as  follows  : 


cningdipl« 


AB  representa  a  scction  of  the  arch  of  the  skull,  CD  and  EF  reprcsent  the  lines 
of  a  viTtical  force  applifd  about  Ci.  The  effect  is  to  Halten  the  cur\-e  so  that  it  is 
as  HI,  uhilcat  the  sami-  tirne  the  vortical  lines  diverge  (JK  and  I.M  >nnd  theparticles 
of  lione  in  the  extemal  table  len<l  to  l>e  f<irced  together  at  N  and  separated  or  burst 
apart  at  O. 
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Fig.  264. 


Force  applied  to  the  vertex  would  lend  to  drive  apart  the  lower  borders  of  the 

pax-ieial  bones,  but  the  bases  of  the  great  arch  formed  by  these  bones  are  overlappeii 

by  *:hesquamous  portions  of  the  temporal,  and  thus  this  outward  thrust  is  prevented. 
It  the  force  be  applied  to  the  frontal  bone,  as  it  overlaps  the  parietals  at  the  middie 
of  nJie  coronal  suture,  it  is  transmitted  to  them  and  is  resisted  by  the  same  mechanism. 
Tl^^  ocdpital  bone  and  the  bones  at  the  sidcs  of  the  skull  (beneath  the  level  of  the 
rid^^es  that  have  been  described)  break  more  easily,  as  they  are  thinner,  the  diploe 
b  l«ss  developed,  and  the  two  tables  are  more  closely  unitcd  (Huinphry);  but 
frovn  their  situation  they  are  iess  exposed  to  injury.  and  are  protected  by  a  thicker 
co^^^-ering  of  soft  parts. 

Fractures  of  the  base  are  usually  due  to  indirect  violence.     They  may  result 

from  foreign  bodies  thrust  through  the  noše,  orbit,  or  pharynx  ;  or  from  a  blow 

up>«:>n  the  noae  acting  through  the  l)ony  septum  to  produce  fracture  of  the  cribriform 

pi^te  of  the  ethmoid  ;  or  through  a  blow  or  fall  upon  the  point  of  the  chin,  driving 

th.^    condyles  of  the   inferior  ma^illa  into 

th^  cranium.    As  a  rule,  however,  the  force 

trsi-verses  the  vault  or,   more  rarelv,  the 

spina)  column  (as  in  falls  upon  the  feet  or 

tutitocks). 

Fractures  of  the  base  are  very  frequent 

fbi-    severa)  reasons.     The  large  e.tpanse  of 

bone  forming  the  vauft  is  contracted  at  the 

ba^«  into  three  comparatively  narrow  por- 

dorms,  whichdescend  in  successively  lower 
pl^Ties  from  before  bacliward,  but  which 
aH  liave  re)atively  thin  floors,  on  which  the 
fo*~<ze  received  at  a  distant  portion  of  the  cra- 
n™^»  an  is  ultimate)y  expended.  This  impact 
'*^*-«:hes  the  base  by  the  shoriest  route,  so 
t"^*-^  a  b)ow  of  sufficient  violence  upon  the 
f*^^^* «-] ta)  bone  wi!l  fracture  the orbi tal  plates  in 
t"^^  anteno r  cerebral  fossa;  upon  the  verte.\, 
*"^*    petrous  portion  o(  the  temporal   and 

"*^    floor  of  the  middle  fossa  ;    and   upon 

"*^  occiput,  the  floor  of  the  posterior  or 
•J^r^bellar  fossa.  Furthermore,  the  base 
<*_  provided  with  a  series  of  wel)-mar);ed 
f^^ges  which   aid  in  the   transmission  of 

Wce  and  Which  fade  aiva)'  into  the  vault.  Baseol  skulHromabovf,  shoivinRlinMor  rnctum. 

The  anterior  ridges  are  gathered  into 
tlie  )esser  wing  of  the  sphenoid  and  end  al  the  sides  of  the  anterior  cfinoid  process. 

The  middle  group,  co)lected  into  the  petrous  portion  of  the  temporal  lx)ne, 
|iasses  to  the  centre  of  the  base  of  the  skul)  and  terminates  at  the  foramcn  lacerum 
nedium. 

The  ridges  of  the  posterior  group,  meeting  at  the  torcnlar  Herophili,  continue 
to  the  foramen  magnum,  at  the  posterior  limit  of  which  they  divide  and  pass  for- 
ward  to  meet  again  in  the  basilar  process,  and  end  in  the  posterior  clinoid  process. 
The  region  of  the  sella  turcica  is  therefore  the  centre  of  resistance  to  the  transmis- 
sion of  forces  from  the  vault  to  the  base.  This  is  we!l  surroundcd  by  fluid,  and  the 
vibrations  which  are  concentratfd  hcre  mav  thus  become  lost  in  the  fluid  without 
injuring  the  brain-substance. 

The  region  of  the  middle  fossa  suffere,  however,  most  frequent!y  because  :"i.  )t 
is  connected  (\>y  the  fronto-sphenoida)  and  petro-occipltal  suturcs)  with  both  the 
other  fosss,  and  hence  oftcn  particip.ntes  in  their  injuries.  2.  ft  is  intrinsicallv  oiic 
of  the  wcakest  parts  of  the  skull,  on  account  of  the  presence  of  the  foramina  Incera, 
the  carotid  grooves,  the  hoUou-s  for  the  pituilary  bodv,  the  depression  for  the  sphe- 
noidal  sinus,  the  pet ro -sphenoid al  siiture,  and  the  t)iin  walls  of  the  tvnipanum,  of 
the  e.xternal  auditory  canal,  and  of  ihc  tempora)  fosM.  Moreover,  just  in  front  of 
this  region  the  descending   pterjgoid   processes  and  the.  lower  iaw  reinforce  the 
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cranium  proper,  whilc  lx!hind  it  are  the  thickening  of  the  basilar  process  and  the 
postcrior  clinoid  plate  (Humphry)  (Fig.  254). 

The  clifferential  symptonis  of  fracture  through  the  floors  of  thesc  fossse  are 
dcterinined  by  their  anatomical  relations.     They  are  as  follovvs  : 

1.  Autcrior  Cercbral  Fossa. — (a)  Kpistaxis  uhen  the  Schneiderian  membrane 
anti  the  dura  and  arachnoid  are  torn.  It  should  not  be  forgotten  that  the  blood  may 
come  from  the  mucous  membrane  alone.  (^)  Loss  of  smeli  from  injury  to  the 
olfact()ry  bulbs  resting  on  the  cribriform  plate.      {c)  Subconjunctival  ecchymosis. 

The  blood  is  usually  derived  from  the  meningeal  vessels  over  the  orbital  plates, 
but  in  bad  cases  may  come  from  the  ophthalmic  artery,  ophthalmic  vein,  or  cavern- 
ous  sinus.  If  the  lK)dy  of  the  sphenoid  is  fractured,  the  blood  may  find  its  way 
through  the  sphenoidal  sinuses  into  the  pharynx  and  stomach,  and  then  be  vomited, 
giving  rise  to  a  mistaken  diagnosis  of  gastric  injury. 

2.  Middle  Cercbral  Fossa. — (a)  Hemorrhage  from  the  ear.  This  may  be 
merely  from  a  torn  tympanic  membrane.  (^)  Elscape  of  cerebro-spinal  fluid  from 
the  ear.  This  indicates  that  the  petrous  portion  of  the  temporal  is  broken,  the  dura 
mater  and  the  arachnoid  torn,  and  the  membrana  tympani  ruptured.  If  the  latter 
escapes  injury,  the  fluid  may  trickle  into  the  throat  through  the  Kustachian  tube. 
(r)  In  rare  and  very  severe  cases  the  lateral  sinus  has  been  opened  or  the  interna) 
carotid  torn.      (</)  There  may  be  deafness  or  facial  paralysis,  or  lK)th. 

3.  Posterior  or  Cerebellar  Fossa. — {a)  Hemorrh«ige  into  the  pharynx  if  the 
basilar  process  is  in  vol  ved  and  the  pharyngeal  mucous  membrane  torn.  (^)  Ecchy- 
mosis  at  the  nape  of  the  neck  and  alx)ut  the  mastoid. 

Of  course  the  characteristic  symptoms  of  any  two  or  even  of  ali  three  of  these 
injuries  may  be  commingled  if  the  fracture  is  extensive  enough. 

Just  as  fractures  would  be  more  frequent  were  it  not  for  the  mechanism  that  has 
been  described,  so  concussw?i  or  laceration  of  the  brain  would  occur  far  oftener 
were  it  not  for  certain  factors,  among  \vhich  are  the  different  strata  of  var>4ng 
density  inter\'ening  between  the  brain  and  the  outer  surface  of  the  scalp.  The  soft 
diploe  and  the  dense  inner  **vitreous"  table  both  tend  to  diminish  shock  to  the 
brain,  the  former  by  arresting  vibrations  and  the  latter  by  lateralizing  them.  The 
eminences  on  the  inner  surface  of  the  skuU  project  into  the  spacc»s  bet\veen  the  great 
divisions  of  the  brain,  where,  in  placcns,  there  is  more  subarachnoid  fluid  than  else- 
\vherc  ;  such  elevations  are  intimately  connected  at  their  edges  and  terminal  points 
\vith  the  strong  expansions  of  the  dura  mater, — the  falx  and  the  tentorium, — which 
stili  further  take  up  and  distribute  the  final  vibrations.  * '  Thus  there  is  every  facility 
for  causing  jarring  impulses  to  deviate  from  the  direct  line  and  take  a  circumferentisil 
route,  in  \vhich  they  are  gradually  \veakened  and  rendered  harmlc^ss"  (Humphry). 

The  conditions  tending  to  minimize  the  effects  of  violence  inflicted  upon  the 
skull  are  thus  summarized  by  Jacobson  :  *'(i)  The  density  and  mobility  of  the 
scalp.  (2)  The  dome-like  shape  of  the  skull.  This,  like  an  egg-shell,  is  calculated 
to  bear  hard  blows  and  also  to  allovv  them  to  glide  ofi.  (3)  Hefore  middle  life  the 
number  of  bones  tends  to  break  up  the  force  of  a  blow.  (4)  The  sutures  intemipt 
the  transmission  of  violence.  (5)  The  internal  membrane  fremains  of  fcetal  peri- 
osteum )  acts  in  early  life  as  a  linear  buffer.  (6)  The  elasticity  of  the  outer  table. 
(7)  The  overlapping  of  some  bones, — e.fr.,  the  parietal  by  the  scjuamous  ;  and  the 
alternate  lx;velling  of  adjacent  lx)ncs, — e.g.,  at  the  coronal  suture.  (8)  The  pres- 
ence  of  ribs  or  groins, — <'.(,»-.,  {« )  from  the  crista  galli  to  the  internal  occipital  pro- 
tulH?rance  \  {b)  from  the  root  of  the  noše  to  the  zygoma  ;  (r)  the  temporal  ndge 
from  orbit  to  mastoid  ;  (^)  from  mastoid  to  mastoid  ;  (tf)  from  the  external  occipital 
protuberance  to  the  foramen  magnum.  C9)  Huttressc^, — e.i!!^.^  malar  and  zygomatic 
processes,  and  the  greater  wing  of  the  sphenoid.  (10)  The  mobility  of  the  head 
uiM)n  the  spine." 

Landmarks. — The  prominence  of  the  occiput,  r>f  the  parietal  region,  or  of  the 
frontal  eminence  indicates  in  a  general  \vay  the  development  of  the  corresponding 
porti«>ns  of  the  brain. 

The  terms  used  to  designate  particular  |>oints  on  the  skull  have  already  been 
described  Tpage  22S);  additional  attention  may  here  l)e  paid  to  those  of  especial 
importance  as  landmarks. 
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The  course  of  the  longitudinal  sifius  is  indicated  by  a  line  drawn  from  the 
nasion  (the  junction  of  the  nasal  and  frontal  boncs)  to  the  inion. 

The  late ral  sinus  is  irregular  in  its  course  (page  234).  According  to  Macewen, 
it  may  be  fairly  indicated  by  the  two  following  Hnes  :  *  *  The  first  from  the  asterion  to 
the  superior  inargin  of  the  external  osscous  meatus,  of  which  Hne  the  postcrior  two- 
thirds  correspond  to  the  upper  part  of  the  sigmoid  groove,  which  is  also  the  more 
superficial.  The  second  hne  from  the  parieto-squamo-mastoid  junction  to  the  tip  of 
the  mastoid  process  corrc*sponds  in  its  upper  two-thirds  to  the  vertical  part  of  the 
sigmoid  groove.  The  knce  of  the  sigmoid — its  most  anterior  convcxity — is  variable 
in  its  position,  but  is  generally  on  a  level  with  the  upper  part  of  the  extemal  osseous 
meatus.  The  sigmoid  groove  is  situated  at  a  variable  distance  from  the  extemal 
auditory  meatus,  the  tympanum,  and  the  exterior  of  the  skull.  The  distance 
betwecn  the  external  osseous  meatus  and  the  sigmoid  groove  varies  from  one  or  two 
to  thirteen  millimetres." 

The  frequency  \vith  which  infective  thrombosis  of  the  lateral  sinuses  occurs  as 
a  complication  of  middle  ear  disease  renders  the  topographical  anatomy  of  these 
sinuses  and  the  associated  region  of  the  skull  of  great  practical  importance. 

The  suprameatal  triangle  is  formed  by  the  posterior  root  of  the  zygoma  running 
somewhat  horizontally  abovc,  the  portion  of  the  descending  plate  of  the  squamous 
which  forms  the  arch  of  the  osseous  part  of  the  external  auditory  meatus  below,  and 
a  base  line  uniting  the  two,  dropped  from  the  former  on  a  level  with  the  posterior 
border  of  the  external  auditory  meatus.  At  this  point  there  is  usually  a  depression 
in  the  bone,  though  occasionally  there  is  a  slight  prominence  as  if  the  antrum  had 
bulged  at  that  point.  The  apex  of  this  triangular  depressed  area  poiiits  forward 
(Macevven).     The  mastoid  antrum  may  be  reached  through  this  triangle. 

(The  relations  of  this  antrum,  the  facial  canal,  and  the  lateral  sinus  to  one 
another,  to  the  temporo-sphcnoidal  lobe,  and  to  the  surface  of  the  skull  will  be 
considcred  in  connection  with  the  general  subject  of  Cranio-Cerebral  Topography, 
page  1214.) 

The  size  and  extent  of  the  frontal  siniiscs  vary,  as  described  on  page  234. 
The  communication  of  these  sinuses  with  the  noše  accounts  for  the  frontal  headache 
in  oziena,  and  the  fact  that  a  patient .  with  a  compound  f racture  opening  up  the 
sinuses  can  blow  on  t  a  flame  held  close  by.  The  frontal  sinuses  may  be  occu- 
pied  by  bony  or  other  tumors  ;  emphysema  may  result  from  fracture  of  the  sinus 
wall  ;  insects  may  gain  access  to  these  cavities  and  give  rise  to  infection  or  to 
epistaxis  ;  infective  intlammations  of  the  noše  and  naso-pharynx  may  involve  the 
sinuses. 

The  sphenoidal  sinuses  are  less  important  surgically,  but  these  points  should  be 
remembered  :  ( i )  fracture  through  them  may  lead  to  bleeding  from  the  noše,  which 
is  thus  brought  into  communication  with  the  middle  fossa  ;  (2)  the  commimication 
of  thcir  mucous  membrane  \vith  that  of  the  noše  may  explain  the  inveteracy  of  cer- 
tain  cases  of  oz^ena  ;  (3)  here  and  in  the  frontal  sinuses  very  dense  exostoses  are 
sometimes  fonned  (Jacobson). 

The  Face.  —The  nas;il  bones  are  so  joined  togcther  as  to  form  a  strong  arch 
resting  upon  the  nasal  processes  of  the  superior  maxlllary  bones.  Thev  are  sel- 
dom  dislocated,  because  this  line  of  union  is  one  in  which  there  is  an  alternation 
in  the  bevelling  of  the  sutures  (similar  to  that  bet\veen  the  frontal  and  parietal 
bones).  Thus  the  lo\ver  |)ortion  of  the  nasal  l>ones  overlaps  the  maxillary,  while 
nearer  the  root  of  the  noše  the  latter  is  external.  The  line  between  the  bones 
and  the  nasal  cartilages  can  easily  be  felt.  The  skin  is  very  tightly  attached  to 
the  cartilages. 

The  upper  or  frontal  portion  of  these  bones  is  vcrv  strong,  and  \vill  resist  a 
great  degree  of  force  \vithout  fracture.  The  lower  portion  is  most  frequently  broken, 
usuallv  \vithin  a  half-inch  of  the  lowor  margin. 

The  resulting  drformitv  is  usuallv  lateral,  Init  if  the  perpendicular  plate  of  the 
ethmoid  is  broken  the  noše  \vill  l>o  depressed.  The  thinness  and  close  application 
of  the  mucous  nuMnhranc  to  the  bones  nnder  these  fractures  almost  invariably  com- 
pound.  Km|)h vsema  of  the  cellular  tissue  of  the  face  and  forehead  may  follow  such 
an  injury.     Thevascularity  of  the  bones  leads  to  very  rapid  union,  and  it  is  therefore 
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iinp>ortant  to  secure  early  reposition  of  the  fragments.     The  relation  of  thc  perpen- 

dicrular  plate  of  the  ethmoid  through  the  crista  galli  to  the  olfactory  bulbs  and  the 

bA*^<i  of  the  brain  should  be  remenibered  in  severe  injuries  to  the  bones  of  the  noše. 

By     reason  of  this  relation  suspension  or  destruction  of  the  sense  of  smeli  has  re- 

suI'K:ed  ;  and  even  septic  meningitis  and  death  have  follo\ved  accidents  in  which  the 

prci>  minent  early  symptom  was  fracture  of  the  nasal  bones. 

The  malar  bones ^  binding  together  the  maxillae  and  the  cranium,  are  vcry  strong, 
aix<=l.  seldom  broken  unless  by  severe  force  directly  applied. 

Fracture  of  the  body  is  apt  to  run  into  the  orbit,  producing  a  subconjunctival 
ec^rliymosis  near  the  outer  canthus,  and  there  may  also  be  a  loss  of  sensation  in  some 
of  r:he  teeth,  the  gums,  the  ala  of  the  noše,  and  a  part  of  the  cheek,  on  account  of 
inj  tjry  to,  or  pressure  upon,  the  infra-orbital  branch  of  the  fifth  nerve. 

The  zygomatic  process  is  most  subject  to  fracture  ;  that  part  of  the  arch  which 
is  on  the  temporal  side  of  the  suture  is  much  vveaker  and  most  apt  to  give  vvay. 
Tl-i<i  deformity  may  usually  easily  be  recognized  by  touch.  The  fragments  are 
alx^'ays  dri  ven  inward,  and  sometimes  become  entanglcd  in  the  fibres  of  the  tem- 
po iral  muscles.  The  attachment  of  the  strong  temporal  fascia  to  the  upper  edge  of 
th^  zygoma,  and  of  the  masseter  muscles  to  its  lower  edge,  prevents  displacement 
Uf>'v%ard  or  downward. 

The  superior  maxiUa,  on  account  of  its  very  various  and  complicated  relations 

(l>^ing  associated  with  nine  othcr  bones),  has  considerable  surgical  importance.     Its 

possition  in  the  same  vertical  plane  as  the  forehead  (instead  of  in  advance  of  it,  as  in 

thc^-   lower  animals)  indicates  thc  limitation  of  its  function  to  mastication,  the  need  for 

Its     ijse  in  prehension  having  disappeared.      Manv  of  its  diseases  (infections,  tumors, 

eter.  )  originate  in  the  teeth  or  tccth-sockets,  and  niav  be  avoided  by  early  atten- 

tiojTi  to  these  structures.      Others  arise  by  reason  of  the  contiguity  of  the  maxillary 

ai*  tmm  to  the  inferior  turbinated  bone,  the  mucous  membrane  of  which  is  often  the 

sulr^ject  of  chronic  catarrh. 

Injuries  of  the  superior  maxilla  causing  fracture  must,  as  a  rule,  be  direct  and 
of  considerable  violence.  The  line  of  fracture  mav  involve  the  antrum,  the  noše 
th*"ough  the  nasal  process,  the  orbit  through  the  orbital  process,  or  the  mouth 
th  «~ough  the  alveolar  or  palatine  process.  It  mav  also  run  into  the  zygomatic  or  the 
sj> Vi.eno-maxillar}''  fossa.  The  force  may  be  transmitted  from  the  malar  bone,  or  from 
t^^  lower  ]aw  through  the  teeth. 

-  ^  _  The  maxilla  is  very  vascular,  and  hence  recovery  from  even  serious  or  crushing 
iJ^ii^iries  is  apt  to  be  rapid  and  thorough.  Like  the  nasal  bones,  it  has  attached  to 
*t  Tio  muscles  that  can  cause  or  perpetuate  deformity,  and  therefore,  unless  it  is 
c^>xnminuted,  its  fragments  will  retain  their  position  vvhen  once  replaced. 

It  is  frequently  afifected  by  *'  phosphorus  necrosis,"  the  osteitis  causing  the  ne^ 
crcr^sis  being  probably  dne  to  the  direct  toxic  action  of  the  phosphorus  fumes  gaining 
*c^<r^€ss  through  carious  teeth.      This  theory  is  not  undisputed. 

Tumors  involving  the  alveolar  border  sho\v  first  in  the  mouth.  Tumors  of  the 
^^5^<iy  usuallv  occupy  the  antrum  ( maxillary  sinus).  Thev  are  apt  to  gro\v  in  every 
^*i" action  except  towards  the  malar  bone,  \vhere  thev  meet  with  the  greatest  resist- 
aricre.  They  accordingly  produce  prominence  of  the  eye  from  pushing  upward  the 
fl<^o>r  of  the  orbit,  bulging  of  the  cheek  from  pushing  outuard  the  thin  anterior  wall, 
^rici  depression  of  the  roof  of  the  mouth  from  pressure  upon  the  palatal  plate.  After 
tne«  anterior  the  most  yielding  \vall  of  the  antrum  is  the  orbital. 

Abscess  of  the  antrum  givc^  rise  to  the  same  svmptoms  when  it  attains  a  large 
siz^ 

The  relations  of  the  molar  teeth  to  the  floor  of  the  antrum  and  of  the  infra- 

^""■^Ual  ner\'e  to  its  roof  agpount  for  the  toothache  and  facial  neuralgia  that  so  often 

?^^Ornpany  antral  disease.      It  is  said  to  be  a  fact  that  cvstic  distention  does  not 

''iV^lve  the  lachrymal  duct,  \vhile  solid  tumors  may  cause  overflo\ving  of  the  tears 

^^''arren-Heath). 

The  chief  deformitv  associated  \vith  the  superior  maxilla  is  cleft  palate,  \vhich 

^'Its  from  a  failure  of  the  palatal  f)lates  to  unite  in  the  median  line.      The  cleft 

^J^    ^he  hard  palate  is  ahvavs  median,  but  \vhen  it  reachcs  the  alveohis  it  foUous  the 

*^^Q  of  the  suture  between  the  premaxillary  bone  (os  incisivum)  and  the  superior 
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maxilla,  ending,  therefore,  opposite  the  space  between  the  lateral  incisor  and  the 
canine.  In  single  harelip,  \vhich  is  often  associated  with  cleft  palate,  and  due  to 
faulty  union  of  the  fronto-nasal  and  maxillary  processes  (page  60),  the  gap  is  found 
at  the  same  point,  never  in  the  middle  Hne.  Sometimes  the  premaxillary  bone, 
which  carrics  the  two  upper  central  incisors,  is  left  attached  to  the  noše.  This  con- 
dition  is  iisually  associated  with  double  harelip.  Cleft  palate  may  involve  only  the 
soft  palate  and  not  the  hard,  but  the  reverse  is  almost  never  true. 

Occasionally  the  identity  of  the  premaxilla  is  established  pathologically. 
Instances  of  exfoliation  of  this  bone  carrying  the  two  incisor  teeth  have  been 
recorded,  not  only  in  children  but  even  in  adults. 

E.vcision  of  the  supcrior  maxilla  in  vol  ves  (the  bone  having  been  exposed  by  a 
suitable  incision  through  the  soft  parts)  the  disjunction  of  (a)  its  connection  with 
the  malar  bone  ;  (/)  its  nasal  process  from  the  nasal,  lachrymal,  and  frontal  bones  ; 
(f )  its  orbital  plate  from  the  ethmoid,  malar,  lachrymal,  and  palate  bones  ;  {d)  its 
posterior  connection  with  the  pterygoid  processes  and  palate  bone  ;  and  {e)  its 
articulation  with  its  fellow  through  the  palatal  plates  and  its  connection  with  the  soft 
palate. 

These  indications  are  met,  as  a  rule,  by  sawing  through  the  malar  bone  just 
beyond  its  articulation  with  the  maxilla  (so  that  advantage  may  be  taken  of  the 
proximity  of  the  spheno-maxillary  fissure),  dividing  the  nasal  process  a  litde  below 
the  junction  with  the  nasiil  bones,  sawing  through  the  hard  palate  (from  the  noše 
downward)  at  or  beyond  the  median  line,  dividing  the  orbital  plate  with  a  fine 
chisel  (or  leaving  it  to  bc  brought  away  at  the  last  step),  and,  finally,  wrenching 
the  bone  away  from  its  attachment  to  the  pterygoid  processes  (and  the  orbit)  by 
means  of  a  pair  of  lion-forceps.  The  hindcr  wall,  in  contact  vvith  the  palate  bone, 
is  very  thin,  and  may  give  way  and  remain  behind  at  this  stage.  This  is  most  likely 
to  happen  when  it  is  most  undesirable, — i,e.y  when  the  operation  is  performed  for 
malignant  dise<isc. 

The  inferior  maxUla,  the  only  bone  of  the  skull  which  is  movable  upon  the 
others,  is  especially  dense,  so  that  it  may  be  strong  enough  to  withstand  the  very 
considerable  force  which  its  muscles  exert  upon  it  in  mastication.  It  is,  therefore, 
not  easily  divided  in  operations.  The  alveolar  processes  are  thicker  and  stronger 
than  those  of  the  upper  jaw,  and  more  force  is,  therefore,  usually  required  to  extract 
a  tooth  ;  hence  damage  to  the  bone  through  rough  or  unskilful  effort  at  extraction 
IS  more  frequent  in  the  lower  than  in  the  upper  jaw.  The  last  molar,  or  wisdom 
tooth,  is  often  a  cause  of  trouble,  o\ving  to  the  limited  space  it  occupies  near  the 
angle  between  the  rainus  and  the  body  of  the  jaw.  The  smaller  that  angle  the 
greater  the  difl[iculty  in  cutting  this  tooth.  which  may  be  compelled  to  carry  before 
It  a  portion  of  the  gum  closely  applied  to  the  base  of  the  coronoid  process,  causing 
inflammation  or  ulceration,  or,  through  irritation  of  the  sensory  branches  of  the  fifth 
nerve,  may  even  produce  trismus,  since  the  motor  supply  of  the  muscles  of  mastica- 
tion is  deri  ved  from  the  same  ner\'e-trunk.  It  is  thus  much  oftener  the  source  of 
trouble  in  the  vvhite  races  than  in  negroes,  in  \vhom  the  angle  between  the  ascending 
and  horizontal  portions  of  the  lK>ne  is  more  obtuse. 

Congenital  deformitius  of  the  lower  jaw  are  very  rare.  When  they  do  occur, 
as  in  a  čase  reported  by  Humphr>',  they  sho\v  that  the  jaw  consists  essentiallv  of  two 
portions,  the  alveolus  and  the  remainder  of  the  jaw.  In  that  čase  the  jaw  in  adult 
life  preserved  the  proportions  of  infancv  so  far  as  the  body  was  concerned,  but  the 
teeth  and  alveolus  had  attained  normal  dimensions.  The  division,  as  Allen  has 
emphasized,  is  an  important  one  to  rememher  for  the  follouing  reasons  :  the  alveolus 
is  developed  \vilh  the  teeth  ;  it  is  an  outgrowth  from  the  jaw  for  a  specific  temporary 
purpose.  John  Hunter  derlared  that  the  "alveolar  pn^esses  of  both  iaws  should 
rather  lx:  considered  as  U^longing  to  the  teeth  than  .is  parts  of  the  jaws."  Hence 
aH  diseases  of  the  alveolus  are  to  \\m  considered  as  (lental  in  their  significance. 
Kpulis,  or  Tibroma  of  the  gums.  is  essentiallv  an  alveolar  disease.  A  tooth  in  any 
portion  <>f  the  jaw  other  than  the  alveolus  is  a  foreign  l)ody.  If  it  is  lodged  beneath 
the  alveolus,  it  mav  give  rise  to  rhronic  abscess,  or  may,  through  long-continued 
irritatir)n,  cause  one  of  the  various  forms  of  odontomata.  Cystic  disease  about  the 
angle  ot  the  jaw  is  oflen  excited  by  a  misplaced  third  molar. 
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The  inferior  maxilla  has  no  epiphysis,  and,  aa  might  iherefore  be  expected,  tlie 
cnds  of  the  bone  at  and  ncar  the  articular  surfaces  are  usually  excmpt  from  disease, 
ir\    marked  conlrast  to  the  long  bones,  in  which  those  regions  especially  suffer. 

The  inferior  ma.xilla  is  not  a  very  vascular  bone  ;  the  mucous  membrane  of  the 
sum  is  in  ctose  contact  with  it  ;  it  occupies  a  peculiarly  exposed  posltion,  and  is 
subject  to  frequeni  minor  traumatisms  ;  it  is  readily  infected  through  carious  teeth 
or  tooth-sockels.  Such  a  tooth  or  an  open  socket  communicates  directly  with  the 
cancellous  tissue  of  the  bone,  thus  probably  permitting  in  the  lower,  as  in  ihe  upper 
')aw  the  direct  contact  of  the  tosic  agent  in  phosphorus  necrosis.  Similar  conditions 
are  found  in  no  other  bones  of  the  skeleton. 

As  a  result  of  the  conditions  jusl  enumeraled,  osteitis  and  necrosis  are  common, 
ire  associated  with  niuch  pain,  and  are  often  very  slow  in  their  progress. 

The  excessive  pain,  dysphagia,  dribbling  of  sahva,  and  occasional  aphasta  and 
marked  nervous  symplonis  are  thought  to  be  due  to  refle,x  irritalion  associated 
with  compression  of  the  inferior  dental  nene  in  the  dental  canal  by  the  products 
of  inHammation.  Such  irritation  of  a  cranial  nerve  confined  within  a  bony  canal  is 
rare,  and  associates  the  above  syniptoms  with  those  occasioned  b)'  pressure  from 
similar  causes  on  the  olher  branches  of  the  fifth  pair  and  on  the  sevenlh. 

Frtuture  of  the  lower  iaw  niay  occur  at  any  point.  The  whole  bone  is  to  a  great 
extent  protected  from  fracture  by  its  horse- 

shoe   shape,    which   gives    it    some   of   the  t"'^-  ^'*- 

properties  of  a  spring,  by  its  density  of  struc- 
ture,  by  its  great  mobilily,  and  hy  the  bufTer- 
like  tmerarticular  cartilages  that  piotect  its 
attached  extremities  (Treves), 

The  neck  of  the  condyloid  process  and 
the  coronoid  process  are  so  deeply  siliiated 
and  50  sheltered  in  ihc  teniporal  fossa  by 
the  zygomatic  arches  that  thej-  are  seldom 
broken. 

The  ramus  is  protected  (though  to  a 
less  extent)  by  the  masseter  externally  and 
the  intemal  pter\'goid  interna!ly,  and  is  not  often  fractured.      The  angle  and  the 
symphysis  are  thickened,  and  thus  resist  fracture. 

About  three  centimetres  (appro.\imately  one  and  a  quarter  inches)  Iaterally  to 
the  syn)physis  the  bone  is  wcakened  by  the  presencc  of  the  niental  foramen  and  the 
large  socket  for  the  canine  toolh.  It  is  most  often  broken  there  or  thereabouts 
either  by  direct  or  by  indirect  violence.  Most  fractures  of  the  body  of  the  bone 
are  compound  on  account  of  the  firm  adhesion  of  the  gum,  which  is  usuatly  tom  ; 
hence  necrosis  and  non-union  folloiving  infection  from  the  mouth-fluids  are  not  un- 
common  results.  (For  the  displacement  accompany-ing  this  fracture  see  section 
on  Muscles,  page  493-)  The  deformitv.  in  so  far  as  it  is  produced  by  anatomiral 
forces,  is  apt  to  consist  of  deprcssion  of  the  anterior  and  larger  fragment  by  the 
digastric,  the  genio-hvo-glossus,  and  the  genio-hvoid,  and  elevation  of  the  posterior 
and  smaller  fragment  by  the  temporal,  the  masseter.  and  the  internal  pterygoid, 

The  dental  nerve,  while  escaping  injury  at  the  tirne  of  the  accident,  may  later 
^  be  compressed  by  callus,  and,  if  irritated,  mav,  by  reason  of  its  anntomical  associa- 
tions  with  the  regions  in  front  of  the  pinna  or  in  the  esternal  auditory  meatus,  give 
rise  10  "  faceache"  or  lo  "  earache."  If  paralyzed.  and  the  patient  puts  a  cup  to 
his  lips,  he  feels  with  his  lower  lip  onlv  half  of  it  ;  in  paralvsis  of  the  fifth  nerve  itself 
it  seems  to  him  exactly  as  though  it  wcrc  broken  (Owen). 

The  capsule  of  the  i<:mporo-nia.xillary  joint  is  thinnest  anteriorly  and  strongesi 
extemally  ;  hence  sappuration  is  most  likelv  to  extend  in  a  forward  direction. 
The  strong  external  lateral  ligamont  arising  from  tlie  lower  edge  of  the  zjgoraa  and 
running  backward  and  downw;ird  seems  to  prevent  the  condyle  being  pressed  back- 
ward  against  the  bony  meatus  and  the  middle  ear  (Fig.  247).  As  Treves  observes, 
if  it  were  not  for  this  provision,  blows  upnn  ihe  chin  vcoiild  be  far  more  dangerous 
than  lhey  are. 

In  spite  of  its  great  mobilitv  and  its  frequent  use,  the  joint  is  rare]y  the  subject 
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of  acute  disease,  the  intra-articular  cartilage  being  so  arrangcd  (page  214)  that  it 
acts  ;is  aii  dastic  buffer  prcscnting  one  surface  upon  wliich  ihc  hinge-like,  and 
anothcr  upon  which  thc  sliding,  movement  of  the  jaw  may  take  plače.  Suppurative 
disease  of  the  middle  ear  niay  extend  to  the  joint  (Harker). 

Rheumatoid  arthritis  is  pcrhaps  the  most  conimon  disease  of  the  joint,  and  may 
l>e  k)calized  there  in  subjects  olherwise  predisposed  by  the  frequent  exposure  of  the 
joint  to  cokl  and  wet. 

The  so-called  **  siihhixalion/'  sometimes,  perhaps,  depending  upon  re]axation 
of  the  ligaments,  is  more  probably  in  the  majority  of  cases  due  to  rheumatic  or  gouty 
changes  in  the  joint. 

Dislocation  of  thc  jazu  (discussed  in  connection  with  the  action  of  the  associ- 
ated  muscles,  page  493)  occurs  onlv  when  the  mouth  is  widely  open.  as  in  yawning, 
so  that  the  condyle  passes  beyond  its  proper  limits,  over  the  summit  of  the  ridge, 
and  is  lodged  in  front.  **  When  the  mouth  is  widely  opened  the  condyles,  together 
with  the  interarticuhir  fibro-cartilage,  ghde  foru'ard.  The  fibro-cartikige  extends 
as  far  as  the  anterior  edge  of  the  eminentia  articularis,  which  is  coated  with  cartilage 
to  receive  it.  The  condvle  never  reaches  quite  so  far  as  the  summit  of  that  emi- 
nence.  Ali  parts  of  the  capsule  save  thc  anterior  are  rendered  tense.  The  coronoid 
process  is  much  depressed.  Xow,  if  the  external  ptervgoid  muscle  (the  muscle 
mainlv  ans\verable  for  the  luxation)  contract  vig(»rously,  the  condyle  is  soon  drawn 
over  the  eminencc  into  thc  zyg()matic  fossa,  the  interarticular  cartilage  remaining 
behind.  On  reaching  its  ne\v  pi^sition  it  is  immcdiatelv  dra\vn  up  by  the  temporal, 
internal  pterygoid,  and  masseter  musclcs,  and  is  therebv  more  or  less  fixcd.  A 
specimen  in  the  Mus^e  Dupuytren  sho\vs  that  the  fixity  of  the  luxated  jaw  may 
sometimes  depend  upon  the  catching  of  the  apex  of  the  coronoid  process  against 
the  malar  lx)ne''  (Treves). 

Excision  of  the  inferior  maxilla,  since  it  is  concerned  chiefly  with  the  soft  parts, 
will  be  considered  in  connection  \vith  the  Muscles  (page  493). 

Landmarks. — The  supra-orbital  ridges  mark  the  boundary  between  the  face 
and  the  cranium.  The  supra-orbital  notch  can  be  felt  at  the  junction  of  the  inner 
and  middle  thirds  of  the  supra-orbital  margin.  A  line  from  that  point  to  thc 
interval  between  the  t\vo  bicuspid  teeth  in  both  jaws  crossc^s  the  infra-orbital  and 
the  mental  foramina  (Holden). 

The  attachment  of  the  nasal  cartilages  to  the  superior  maxilUe  and  to  the  nasal 
bones  can  easily  be  felt.  The  connective  tissue  betwcen  the  skin  and  the  cartilages 
is  very  scanty.  This  is  a  source  of  difficulty  in  some  of  the  plastic  operations  on  the 
noše,  and  is  also  a  cause  of  the  severe  pain  felt  in  cellulitis  and  in  furuncles  of  that 
region.  The  great  vascularitv  of  the  part  and  the  fact  that  **  the  edge  of  the  nostril 
is  a  free  border  and  the  circulation  thcrefore  is  terminal* *  (Treves)  favor  congcstion 
and  engorgement,  uhile  the  cK)se  connection  of  the  skin  and  cartilage  resists  thc 
swelling  ;  hence  the  nerve-pressure  and  the  excessive  pain. 

The  malar  prominence,  the  concavitv  of  the  superior  maxilla  representing  the 
anterior  waH  of  the  antrum,  its  malar  process,  corresponding  to  the  apex  of  that 
cavitv,  the  incisor  foss;i,  and  the  canine  fossa  can  easily  be  recognized  either  through 
the  cheek  or,  more  readily,  through  the  gums  with  a  finger  in  the  mouth. 

The  zygoma  can  be  both  seen  and  felt,  the  lower  border  more  distinctly  than 
the  upper  on  account  of  the  attachment  to  the  latter  of  the  dense  temporal  fascia. 
Wiisting  diseas<*s  cause  an  apparent  increase  in  the  prominence  of  the  zygoma. 

The  condvle  of  the  inferior  maxilla  can  be  outlined  and  its  motions  observed 
( Fig.  24^> )  just  in  advance  of  the  ear. 

A  line  dra\vn  from  the  angle  to  the  condvle  indicates  the  posterior  border  of 
the  ramus.  In  making  inrisions  in  this  region  for  inflammatorv  or  suppurative 
conditions  this  line  is  to  be  rememlnTed.  Posterior  to  it  important  blood-vessels 
may  Ik*  injun*d  ;  ant<'ri<>r  to  it  de<-p  punctures  may  be  made  uith  safetv,  the  only 
structure  of  ronsccjucnrc  cndangered  l)eing  branches  of  the  facial  ner\'e. 

From  thr  anglc  of  the  jaw  for\vard  the  outline  of  the  inferior  maxilla  can  be 
scen  and  frlt  bolh  «-xtrrnally  and  \\ithin  thr  mouth.  The  alignment  of  the  teeth  is 
n>nally  distnrbed  in  frarturc.  and  is  nftun  the  nn»st  easilv  recognized  svmptom. 
\Vith  a  tingrr  bet\veen  the  chcek  and  the  teeth,  the  anterior  border  of  the  coronoid 
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pr-ocess  iiiay  readily  be  detined.  In  dislocation  this  is  unnaturally  promincnl.  Be- 
!*•'  9^un  its  base  and  tlie  lasi  molar  tooth  there  is  ohen  a  space  through  which  liquid  food 
or~  «ther  fluids  can  be  conveyed  by  a  tube  to  the  pharynx  in  cascs  in  which  fracture- 
^•"^srssing,  or  trismus,  or  a[ikylosis  rendcrs  the  Iower  jaw  immovable.  Along  the  Iower 
bc:»«-der  fxtema!ly,  just  in  advance  of  the  anterior  edge  o(  the  massetcr,  the  groove 
/•>*^  the  facial  artery  may  be  felt,  and  in  the  middle  line  ihe  ridgc  \vhich  indicales  the 
ll*  i  «kening  at  the  symphysis. 

On  the  inner  surface  of  the  iaw  may  be  recognized  the  genial  tubercies,  some- 
!!■  ■  "mes  in  two  distinct  pairs,  indicating 

l^^    attachments    of     the    genio-hyo-  Kiu.  267. 

g^<>ssi   and  genio-hyoidei.     The  sub- 

u^^gual  fossae  may  be  located.  and  just 

s^ternal  to  them,  and  at  their  lowcr 

^Kirder,    the    famt    beginning    o(     the 

w^ylo-hyoid  ridge,  which  runs  upward 

and  backward,  becoming  more  evldent 

opposite  the  last  two  molars. 

Above  this  line  the  bone  is  cov- 
ered  by  the  mucous  membrane  of  the 
mnuth  ;  hence  diseases  of  this  portion 
find  their  expression  in  the  oral  cavity, 
while  those  of  the  lower  portion  of  the 

bone  are  more  apt  to  involvc  the  soft  parls  and  glands  of  the  neck  (Fig.  267). 
The  fossx  for  the  submaxillar\-  glands  cannot  be  felt  throiigh  the  niouth,  but,  as  they 
lie  beIow  the  ridge,  u  hile  the  sublingiial  fossa;  lie  abo\'e  it,  the  well-known  cHnica) 
relations  of  the  former  glands  to  the  neck  and  of  the  latter  to  the  mouth  are  explained. 
The  familiar  change  in  the  shape  of  the  Iower  jaiv  in  edentulous  old  persons  is 
dne  to  absorption  of  the  aUeolnr  process. 

(Most  of  the  landmarks  of  the  face  are  of  more  importance  in  relation  to  the 
soft  parts,  the  nerves.  and  the  contents  of  the  cavities  of  the  orbit,  noše,  and  mouth 
than  in  connection  with  the  bones  themselves.  They  will,  therelore,  be  further  con- 
sidered  in  those  connections.) 


THE  UPPER  EXTREMITY. 

The  Shoulder-Girdle. — This  consists  of  the  clavicle  and  scapula.  The  latter 
is  far  the  most  important  morphologically,  representiiig,  as  it  does,  both  the  scapula 
and  the  coracoid  of  the  lower  classes  of  vertebrates  ;  while  the  clavicle  is  inconstant 
in  mamnials,  and  seems  to  be  no  part  of  the  primitive  shoulder-girdle.  The  scapula 
!)ears  the  socket  for  tlie  humerus.  It  has  no  bony  attachment  to  the  trunk  save 
through  the  clavicle,  which,  interposed  between  it  and  the  sternum,  is  connected 
\vith  both  by  joints. 

THE  SCAPULA. 

Physiologically,  the  essential  part  of  the  scapula  is  the  socket  for  the  shoulder  ; 
a  part  of  this  is  inade  by  the  coracoid  element,  which  in  man  is  an  insignificant  pro- 
cess  of  the  shoulder-blade.  The  secondary  functions  of  the  bone  are  to  give  origin 
to  some  muscles  and  to  afford  leverage  to  others  for  their  action  on  the  arm.  In 
most  mammals  the  scapula  may  be  considered  a  rod  running  upward  from  the  joint, 
from  which  three  plates  expan(i,  one  towards  the  head,  one  towards  the  tail,  and  one 
outward.  In  man  the  second  of  these  plates  points  downward  and  is  excessively 
developed.  It  is  more  convenient  in  man  to  speak  of  one  main  plate,  the  body  of  the 
scapula,  with  the  spine  springing  from  the  dorsiil  surface. 

The  body  is  iriangular,  with  two  surfaccs, — a  ventral  one  tovvards  the  ribs  and 
a  free  dorsal  one, — three  borders,  and  three  angles. 

The  posterior  or  vertebral  border,'  sometimes  called  the  base,  is  the  longest. 
It  is  nearly  vertical  from  the  lovver  angle  to  a  triangular  space  on  the  dorsum,  oppo- 
site  the  origin  of  the  spine,  above  this  it,  as  a  rule,  slants  fon\-ard,  but  at  a  very 
varying  angle.  The  upper  border  '■*  slants  downward  and  fon*'ard  to  the  supra- 
scapular  notch  ^  at  the  base  of  the  coracoid  process.  This  notch,  transmitting  the 
supniscapular  nerve,  is  sometimes  imperceptible,  but  usually  is  well  marked  and 
sometimc*s  very  deep.  It  is  bridged  l>y  a  ligament,  which  may  lx?  replaced  by  bone, 
transforming  the  notch  into  a  foramen.  The  anterior  or  axillary  border*  is  the 
only  thick  one.  Just  below  the  glenoid  cavity  it  begins  as  a  triangular  roughness 
for  the  long  head  of  the  triceps.  This  is  continued  as  a  line  which  ends  on  the 
dorsiil  surface  near  the  lovver  angle,  a  little  above  an^ipjianied  4)ročess)curving  for- 
ward  and  inward  from  which  a  part  of  the  teres  major  arises.  This  is  the  analogne 
of  a  process  much  developed  in  some  small  monkeys.  It  is  sometimes  very  large, 
the  increase  of  size  being  in  no  relation  to  ihat  of  the  bone  nor  of  the  muscle. 
Above  this  on  the  anterior  lx)rder  there  is  a  deep  groove  for  a  part  of  the  sub- 
scapularis  muscle  just  intemal  to  the  anterior  edge  proper.  Below  the  process  the 
border  runs  down\vard  and  back\vard  to  the  inferior  angle. ^  This  angle  is  some- 
times verv  sharp,  sometimes  quite  the  reverse.  The  same,  in  a  less  degree,  may 
be  said  of  the  upper  angle,*  usual]y  sharp,  sometimes  squarely  truncated.  The 
anterior  angle  '  is  the  j^/enoid  cavitv*  This.  with  the  base  of  the  coracoid  process, 
is  called  the  head  of  the  scapula,  the  neck  being  a  constricted  region  behind  it, 
reaching  to  the  suprascapular  notch.  The  glenoid  cavity"  is  an  oval,  slightly 
holl()wed,  cartilage-co\'erecl  surface  expanding  from  a  narrower  base.  The  long  axia 
is  vertical  and  the  broad  cnd  below.  There  is  often  an  indentation  at  the  upper 
part  of  the  inner  margin.  The  edge  is  a  little  raised  where  it  bears  the  ^fenoid 
/israment,  which  deepens  the  cavity  for  the  reception  of  the  head  of  the  humerus. 
The  top  of  the  edge  forms  the  snpran^lenoid  tubercle,  whence  starts  the  long  head  ol 
the  biceps. 

The  coracoid  process  springs  from  the  top  of  the  head  just  behind  the  glenoid 
ca\'ity  and  a  little  to  the  inner  side.  The  rtrst  part,  or  root,  \vhich  is  comprcssed 
from  side  to  side,  rises  inrlining  somewhat  in\var(l.  The  second.  the  free  projecting 
portion.  irregularlv  cvlindrical,  nms  forvvard,  rather  outward  and  do\vnward,  to  end 
in  a  knoh  near  the  inner  side  of  the  shoulder-joint.     The  upper  and  inner  surface  is 

'  Marin  vcrtcbrallm.    *  M.  M^rtor.    "  lactMira  ■capalae.    *  M.  aitllaiis.    *  Antvlnt  laferior.    *  A.  ncdlalla.    '  A.  tatanl« 
*  Cavlta«  I lrn«ldall». 
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ro«jgh  and  convex,  the  under  and  outer  smooth  and  concave.  A  rounded  promi- 
n^nce,  the  ctmoidtubercle,  for  the  conoid  ligament,  is  situatcd  on  the  top  of  the  first 
psd^  vt  and  rather  to  the  inncr  side,  just  above  the  angle  formed  by  the  two  parts.  A 
ri«=l^  from  behind  this,  running  outward  and  forward,  separaten  the  two  parts  dis- 
ti«~»  <tly.  The  Irapesoid  ridge  for  the  trapezoid  ligament  runs  forwar<l  (rom  the  conoid 
tuKVsercle  along  tlie  inner  side.     The  outer  side  of  the  upper  aspect  has  a  ridge  for 

Fig.  i68. 


the  coraco-acromial   ligament. 
brachialis  arise  froni  a  roughiie: 
irom  one  at  ita  inner  side. 
The  anterior  surface, 


The  short   head   o(    the  biceps  and   the   coraco- 
j  at  the  tip  of  the  process,  and  the  pectoralb  niinor 


r  vcnter,'  is  concave,  forniing  the  subscapular  fossa, 
the  deepest  hollow  bcing  along  the  orij;in  of  the  spine.  At  the  ven-  lop  the  bone 
ofien  takes  a  turn  outivard.  The  serratiis  ma^niis  is  attached  to  rough  surfaces 
inside  the  upper  and  lower  angles  and  to  a  iiarrow  line  connecting  theni  just  besidc 
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thf  \crtebral  bortler.  These  surfuccs  are  separated  from  the  rest  of  the  fosaa  by 
H-ell-markcd  lincs,  which,  with  some  four  ridgea  ninniiig  fomard  and  ujmard  from  the 
spinnl  border,  jjivc  orijjjin  to  tendinous  septa  from  which  the  subscapularis  springs. 
This  muscic  arjses  also  from  the  dcep  groove  inside  the  axi11ar>'  border. 

The  posterior  surface,'  or  dorsum,  is  divided  by  the  spine  into  a  mprasf>inemt 
and  an  in/raspinous /ossa.  Tin-  formcr  pives  nrigin  to  the  supraspinatiis.  Near  the 
back  it  is  often  strcnKlhened  by  a  \ertical  sivellinR.  The  infraspinous  fossa  is  chiefly 
occupicd  by  the  infraspiaatus,  but  two  othcr  areas  are  marked  off  by  tsvo  lines  :  one, 
runnmg  fomard  and  upuard,  separates  ihe  dorsal  side  of  the  lower  aiigle  and  of  the 
unnamed  priMX-S!i  on  tlie  axiliary  Inirder  ;  from  this  space  springs  the  teres  major. 
The  secomi  line  leavLS  the  aKiihiry  lx>rder  near  the  ^rlenoid  cavity  and,  divcr^ing 
slinhtly,  strikes  the  former  hnc  near  the  front,  boundinj;  a  iiarrow  region  for  the 
teres  minor,  which  is  crossed  high  up  by  a  groove  for  the  dorsal  scapular  artery. 


ct  part  ni  vcncbiml 


The  Spine ''  is  a  trian>j;ular  plate  arising  froni  a  sniall  triangular  surface  at  the  pos- 
terior border,  running  outuurd  and  soniewhat  upnard.  Its  attached  border  stops  at 
theneck  lief'>re  reaching  the  gl  eno  i  d  ca  vit  v.  The  spine  forms  an  aciite  angle  with 
ihe  llour  of  the  siipraspinons  fossa,  and  an  obtiise  one  with  that  of  the  infraspinous. 
Its  front  lxird<'r  is  roimdcd  and  enrves  frtruanl,  and  fornis  the  |>osterior  boundarv 
of  the  f;reat  uapiilar  notch  icinneoting  the  siipra-  and  infraspinous  fossa'.  The  Irce 
border  is  narri)w  lievond  the  triangidararea,  but  soon  broadens,  pn-senting  an  upper 
and  a  limer  hp.  The  iiisccndini,'  fibrcs  of  the  trapinius  are  insertcd  into  the  uhole 
It-ngth  of  ihe  furmer,  and  of  its  'ontinuaiinn  into  ihe  aeromion.  The  lower  hp  often 
he^;ins  with  :i  tiiberde  for  the  a^-ending  and  hciri/ontal  tibres,  a  iittle  lx-yond  which 
il  iiarnuni  ;iyain.  ]|  gives  origin  to  the  deltoid  musde.  which  also  is  continued 
aloiig  the  at-mmion. 

Tile  acromion'  is  a  broad,  flat  c\|)iinsion  o\<'rhanging  the  shoulder-joint  and 
artictilating  with  the  clavicle  lty  an  eloiigated  facet  slanting  slightly  upuard.     A 
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sAoit  preclavicular  border  m  front  of  this,  receiving  the  outer  end  bf  ihe  coraco- 
.'itTcamial  liframent,  runs  fonvard  and  outtvard  to  the  anierior  luberclc.  Krom  this 
th«?  outer  border  runs  backward  to  the  meiatromial  lubircli;  whence  thf  posterior 
b«>¥-«Jer  runs  into  the  hind  odge  of  the  spine.  The  outer  border  has  three  <>r  four 
in-trsularities  above  for  the  tendinous  scpta  oi  the  deftoid.  and  is  smooth  at  iis  lower 
edj^^e  for  tlic  same  muscle.  The  fouer  lip  of  the  spine  runs  directlj-  into  the  hind 
boi-cierof  the  acromion,  but  often  splits  so  as  to  enclose  a  narrow  s}>ace  continued  into 
th^  back  of  the  process,  from  whicii  tlie  deltoid  springs.  The  acromion  varies  niuch 
in      ^hape  ;  according  to  this  description  it  is  quadrate  ;   often,   however,  the  pre- 

FiG.  »70. 


RiiiM  Ka|ii 


P^^'icular  edge  is  rudimentarv, 
'^  *■*  the  apex  of  a  verv  obtuse  . 
*^*^  intermediatc  fornis.'  The 
sv^raj^p  not  far  from  45°.  with  ; 
""*>*  not  depend  on  a  correspoii 


io  thal  it  is  three-sided  ;  or  the  metacromial  tubcrcle 
inglc,  BO  tliat  it  is  ciirved  antf  narroiv.  There  are 
incliriation  <if  the  acromion  lo  the  horizon  is  on  an 
\ariation  of  probablv  15°  eiiher  way.  This  mav  or 
linj-  variation  of  shint  in  the  spine. 


L„  Ali  the  demils  detemiiiiiiir  tlii 

^^<>nv«.  ..rthe  i»fras|.ino.is  |>..r 
!^*  <>n  the  rnnici.iil  and  the  ii|i[«- 
^•.'*^  :  but  this  mav  br  almost  -.tr, 
»""^U  of  sup|n>rt.    'The  h-iigih  fru 


rmtliiH-  "f  the  scnpiila  \;\t\  KK:\i\\.  The  hind  tmriter  niav 
..u  oHKMvi-.  Tht  lxme  Ivin«  «iih  the  (loriiini  ii]!  slioiild 
:iiicl  l.i«t-r  iin«Ies.  with  the  vt-rti-bnil  e<l;;e  risiii«  fmni  ihe 
ij,'lil,  lir  i-ii-ii  bend  llie  olher  way  so  as  lo  clianuc  ll»-  iisu.ii 
I  Ihf  uiiiHT  to  tlie  lo«-cr  anuli;  raiiKfS  from  13.2 
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(IT  IvMs  Up  tO  lo.  I  centitnetres.  The  scafiHlar  iiidfx  is  the  nilio  of  Ihe  brcadih.  measured  along 
the  base  of  ihc  spine,  to  the  len^th  ('"i^,,!^  )■  It  ranKes  from  55  to  8j.  The  following 
mi-ans  hn\'e  been  f^vttn  (<>r  Caucasians  :  Broca,  65.9 ;  Flower  and  Gnrson,  65. 2  ;  Du-igh!,  63.^ 
A  hi);h  ii)dex  nicans  a  broud  scapula,  which  is  ont  of  ,-i  li>w  Xy\yii.  '['hc  infraspinous  iHdex  is 
ihe  ralio  of  Ilie  breadth  tu  thc  leiifcth  iif  the  infraspitKius  fossii,  measured  nova  the  luuer  angle 
lo  tile  sl<inin|;-|)oii)t  of  the  spine  (infmoiiio"i^iMi«h)"  "^^''^  '^"B*'*'  froni  7J.3  lo  loo.a,  with  a 
tnean  of  about  87.  Althou^h  hifch  indices  imply  a  hraad  scapula.  this  melhod  is  of  small  value, 
a.s  very  djversc  sha))es  niay  have  similar  indices.  It  is  not  |KK:sib1e  to  predicate  anything  of  the 
figure  durioK  liie  from  the  stiape  of  this  biine.  The  most  that  can  be  said  is  that  a  long  arm 
rcquires  the  leverage  fumished  by  a  long  scapula. 

DifFerences  due  to  Sex. — The  chief  point  is  the  size.  Froin  thc  study  ol 
eighty-foiir  male  and  thirtv-ninc  fcmalc  bones  it  appcars  that  of  123  bones,  iwetity- 
six  mcasiirc  less  ihan  Jiftecn  centinietres  in  lenfrth,  of  which  only  thret"  werc  male  ; 
aiso  that  seventy-six  measuro  si.\t(.t;n  centinietres  or  more,  of  which  only  five  were 


Smalm  magnut 


female.  There  u-aa  no  sinile  insUnct  of  »  bone  mcasuring  less  than  fourteen  centi- 
nietres lieing  male,  nor  of  one  ineasurinK  sev.-nteen  centinietres  bcinp  female.  In 
ilouhtfu!  eases  th<-  j;l(-noi(l  cavitv  is  verv  valuahk-.  In  wnman  it  is  not  only  smallpf, 
but  relatively  nan-nwer.  \'ery  few  male  sockcts  are  less  than  15.6  centimetres  in 
leiigth,  and  very  few  female  as  lotij;.     The  typical  female  scapula  is  \eiy  delicate ; 
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the  lower  angle  is  sharp,  the  process  on  the  front  border  small ;  the  hind  border 
straight  up  to  the  spine,  then  slanting  fonvard  in  another  straight  line  ;  the  upper 
border  descends  sharply  ;  the  coracoid  is  slight,  with  the  end  coiiipressed  instead  of 
knobbed  ;  the  acromion  is  curved  and  narrow.  An  espcrt  should  be  reasonably 
sure  of  the  5ex  four  timcs  in  (ive.  Doubtful  bones  are  almost  always  male  ;  so  are 
those  of  peculiar  shape,  wiih  the  exception  of  concave  vertebral  borders.  The 
scapular  index  has  no  sexual  significance.' 

Stmcturc. — Tho  strong  parts  are  seen  when  the  bone  is  held  to  the  light. 
The  head,  neck,  coracoid,  acromion,  and  most  of  the  spine  are  strong.  So  also 
are  the  front  border,  the  lower  angle,  and,  to  a  less  exten[,  the  hind  border,  which 
is  strongest  above  the  spine.  Most  of  the  body  is  \'ery  thin.  A  sectioTi  through 
the  socket,  along  the  origin  of  ihe  spine,  shows  the  bony  plates  so  disposed  as  to 
resist  pressure  in  that  line. 

Development. — There  is  one  chief  centre  for  the  scapula  proper  and  one  for 
the  coracoid,  besides  an  indefinite  nuniber  of  accessory  ones.  The  first  appears 
about  the  eighth  week  (Rambaud  et  Renault)  at  the  neck,  and  forms  nearly  the 


cijthth  ifctsl  monlh:  ^.lovards  cnilof  fii 
D,  from  Ki-cntMi  10  cjeHimi  vrais ;  E.  about  l«enty  yMra.    a.  chirf  caan :  i.  (or  coracoid  proctss ;  r,  for  scro- 
Buoa ;  d,  for  infehor  miigle;  f.  addilioml  ior  acromion ;  /,  for  vtnsbral  border, 

whole  bone,  including  the  spine  and  the  root  of  the  acromion  and  the  dorsal  part  of 
tbe  root  of  the  coracoid.  The  coracoid  centre  appears  in  the  first  year  ;  it  forms 
also  the  top  of  the  glenoid  cavitv,  and  fuses  MJth  the  first  al  fourteen  or  tifteen, 
beginning  to  unite  at  the  ventral  surface.  At  the  earlier  age  the  acromion  is  carti- 
lage  beyond  a  line  drawn  from  the  back  of  the  clavicular  facet  to  the  front  of  the 
metacromion.  At  about  tifteen  manv  little  nucJei  appear  in  the  acromion.  The 
anterior  tubercle  is  fornicd  from  a  sinile  nucieus  ;  the  othcrs  coalesce  into  two 
groups, — one  in  the  centre,  the  other  at  the  outer  margin.  At  about  eighteen  the 
tatter  joins  the  lx}dy  and  the  other  tivo  fuse.  A  year  later  the  mass  so  formed  also 
joins  the  body.  Sometinies  this  rcmains  connected  by  fibro-cartilage  ;  very  rarely 
several  pieces  persist.  A  scale-like  epiphvsis  appears  at  the  conoid  tubercle  of  the 
coracoid  about  fifteen,  and  soon  fuses.  About  seventeen  or  eighteen  a  nucieus 
appears  in  the  strip  of  cartilage  along  tlie  pcsterior  border  and  one  at  the  lower 
angle.  Both  are  genera]ly  fused  by  twenty,  but  the  lower  is  one  of  the  last  to  fuse 
in  the  skeleton,  and  the  line  of  union  may  remain  for  years. 

PRACTICAI.   CONSIDERATIONS. 

The  scapula  is  rarely  abscnt  and  rarelv  malformed.  The  outer  part  of  the 
acromion  may  exist  as  a  distinct  bone,  as  may,  but  less  frequently,  (he  c 
Many  cases  of  so-called  fracture  of  ihc  acromion  and  othcrs  of  suppoised  trai 
sepamtion  o!  the  acromial  epiphvsis  are  probably  cases  of  persistent  epiphvsis.  The 
centre  for  the  inferior  angle  sometimes  remains  distinct,  being  unitcd  to  the  body 
lion  in  Ihe  Human  Skdelon,  Proč,  Mass. 
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by  a  syiichondrosis.  The  po5!iibility  of  its  detachment  by  excessive  action  of  the 
latissimus  dorsj  has  been  mentiuncd,  but  iiu  čase  of  trauinatic  separation  tias  been 
recordcd. 

Fraclnre  is  rare,  in  spite  of  the  thinncss  of  much  of  thc  bone,  because  ot  its 

mobility,  the  adaptation  of  its  ciirves  to  the  underlying  thordcic  siirfacc,  the  elasticity 

and  conipressibihty  of  that  surface,  the  thicknoss  of  the  muscies  that  cover  the 

sca|>uhi  and  uf  those  that  He  t^cncath  it,  the  fragilitv  of  the  clavicle  (which  by  frac- 

turiiig  often  saves  the  scapulaj,  and  the  ^reat  range  of 

Fig.  173.  inovemcnt  and  corresponding  ucakness  of  the  shoulder- 

joint,  which,  in  like  nianner,  by  undergoing  luxatton, 

prevents  the  force  of  the  trauniatisin  from  reaching  the 

sicapula. 

Fracture  of  the  body  and  of  the  infvrior  angle  from 
indircct  violencc  has  JDcen  re|x>rtet!  in  a  few  cases.  The 
arms  »erc  fi.\ed,  and  strong  traction  was  bcing  exer- 
ciscd  in  more  than  one  čase.  It  seems  probable  that 
the  l«)ne  lireaks  between  tlie  opposing  forccs  of  the 
rhoniboids  anil  trapeiciiis  im  the  one  hand,  and  the 
terea  muscies,  the  subscapulariii,  and  the  infraspinatus 
on  tiie  uthcT. 

The  most  common  fracture  is  that  of  the  body, 
usual)y  running  transverselv  or  obliquely  through  the 
subspinoiis  fossa.  The  attachments  of  the  »ubscapu- 
laris  t)eneath  and  of  the  infraspinatus  above  usually 
prevent  anv  niarked  displaci-mcnt.  There  is  pain  on 
lifting  the  arm  to  a  horizontal  position,  because,  in  order 
that  the  deltoit!  may  be  able  to  do  this,  the  acromion 
must  liecome  a  lixed  point,  and  that  necossitates  the  contraction  of  the  rhomboids 
and  other  muscies  whose  function  it  is,  aided  by  the  lc\eragc  alTorded  by  the  pro- 
longation  of  the  scapula  downward,  to  ii.\  the  blade  of  the  scapula  »hen  the  deltoid 
is  in  action. 

SuperAcial  ecchymosis  is  rare  on  account  of  the  dense  infraspinous  fascia  which 
prevents  the  effused  blood  from  reachin^  the  surface. 

Fracture  of  the  acromion  is  attendcd  \vith  slight  flattening  of  the  tip  of  the 
shoulder,  the  weight  of  the  arm,  acting  through  the  deltoid,  dragging  the  frag- 
ment downward.  There  may  be  the  usual  symptoms  of  pretcrnatural  mobility, 
crepitiis,  etc. 

Fracture  of  the  coracold  is  rare.  Before  the  age  of  seventeen  it  may  be  an 
epiph>'seal  se|>aration.  Displacement  b  not  common,  as  the  downward  puli  of  the 
pectoralis  niinor,  short  head  of  the  biceps,  and  coraco-brachialis  (page  590)  is 
efiectiially  rc-sisted  by  the  coraco-acroniial  and  coraco-davicular  ligaments.  Crepitus 
and  preternatural  mobility  may  possibly  be  recognized  by  sinking  the  fingers  into 
the  interval  l)etween  the  deltoid  and  [>ectoral  muscies.  the  coracoid  will  be  found 
just  lx'neath  the  inner  deltoid  niargin. 

Fntctures  of  the  neck  of  the  scaptila  include,  in  siirgical  langunge,  those  whicfa 
Ufiin  at  the  suprascapular  notch  and  run  to  the  axillary  bordcr  of  the  bone  detach- 
ing  the  glenoid  ca\ity  and  the  coracoid  process.  There  is  no  instance  of  fracture  of 
the  anntomical  neck, — the  constrictcd  part  su|)porting  the  glenoid  cavitv.  The 
fragment,  with  the  urm.  will  drop  downward,  away  from  the  acromion.  This  puta 
the  deltoid  on  the  atretch  and  causes  flattening  of  the  shoulder.  There  will  be  a 
diprvHsi<m  heneath  the  edge  of  the  acromion.  The  arm  will  be  increased  in  length. 
Thew  svmptimiH  (which  will  ocrur  onlv  if  the  coraco-acrnmial  and  coraco-clavicular 
ligaments  are  toriij  are  als<)  found  in  suliglenoid  hixation  of  the  humenis  (page  583); 
but  in  the  fracture,  the  prescnce  of  crepitus,  the  down»vard  displacement  of  the 
coracoid,  the  rfady  dis;ip]>earance  of  the  def()rmity  on  pushing  the  head  o[  the 
hiimerus  upHiird,  its  prompt  reappearance  whcn  the  arm  ia  alloMed  to  hang  by  the 
.■iide,  and  the  eiL-te  with  uhich  the  hand  mav  he  placed  on  the  opposite  shoulder 
ser\t-  clearlv  to  iKnote  tlie  character  of  the  accident. 

K.vrision  of  the  scapula  itnelf  is  not  uncommonly  indicated  on  account  of  malig- 
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nant  neoplasm,  subperiosteal  and  central  sarcomata  especially.  The  main  danger 
of  the  operation  is  hemorrhage.  The  subclavian  should,  therefore,  be  controlled. 
The  dorsalis  scapulse,  crossing  the  axillary  border  of  the  scapula  at  a  point  on  a  level 
with  the  centre  of  the  vertical  axis  of  the  deltoid  (Treves),  and  the  subscapular  run- 
ning  along  the  lower  border  of  the  subscapularis  muscle  to  reach  the  inferior  angle, 
are  the  largest  vessels  that  require  division,  but  the  suprascapular,  posterior 
scapular,  and  branches  of  the  acromio-thoracic  artery  \vill  also  be  cut. 

Infectious  diseases  giving  rise  to  caries  and  necrosis  and  to  suppuration  are 
rare.  When  they  affect  the  supraspinous  region  the  pus  is  directed  forward  by  the 
fascia  covering  the  supraspinatus,  which  encloses  that  muscle  in  an  ossco-fibrous 
compartment.  In  the  infraspinous  region  the  stili  denser  infraspinous  fascia  con- 
ducts  the  pus  in  the  same  direction  ;  hence  abscesses  originating  in  scapular  dis- 
ease  are  likely  to  point  near  the  axilla  and  in  the  neighborhood  of  the  insertions  of 
the  scapular  muscles  into  the  humerus.  On  the  under  surface  of  the  scapula,  betueen 
the  ridges  which  give  origin  to  the  tendinous  fibres  that  intersect  the  subscapularis 
muscle,  the  periosteum  is  loose  and  easily  separated.  Suppuration  follouing  caries 
of  this  aspect  of  the  bone  may,  therefore,  cause  extensive  detachment  of  the  perios- 
teum, and  it  has  been  found  nccessary  to  trephine  the  thin  portion  of  the  blade  of 
the  scapula  to  give  vent  to  such  a  purulent  collection. 

Landmarks. — The  greatest  breadth  of  the  scapula  is  in  a  line  from  the  glenoid 
margin  to  the  vertebral  border ;  the  greatest  length  in  a  line  from  the  superior  to 
the  inferior  angle. 

The  general  outiines  of  the  scapula  can  easily  be  felt.  The  bony  points  most 
readily  recognized  by  touch  are  the  acromion,  the  coracoid,  the  spine,  the  vertebral 
edge,  and  the  inferior  angle. 

The  edge  of  the  acromion  is  an  important  landmark.  Measurement  from  it  to 
the  suprasternal  notch  is  the  easiest  way  of  determining  shortening  in  fracture  of  the 
clavicle.  If  this  measurement  is  less  than  on  the  sound  side,  and  the  clavicle  itself 
b  unchanged  in  length,  it  indicates  a  dislocation  of  the  acromial  end  of  the  latter. 

Undue  prominence  of  the  edge  of  the  acromion  is  seen  in  luxation  of  the 
humerus  (page  582)  and  in  fracture  of  the  neck  of  the  scapula.  In  these  conditions 
the  fingers  may  be  pressed  beneath  the  acromion,  as  they  can  in  old  cases  of  deltoid 
paresis  or  paralysis  with  atrophy  of  that  muscle.  \vhen  the  \veight  of  the  arm  drags 
the  humerus  downward  and  increases  the  space  bctween  the  greater  tuberosity  and 
the  acromial  edge. 

The  coracoid  process  may  be  felt  through  the  inner  deltoid  fibres,  below  the 
inner  portion  of  the  outer  third  of  the  clavicle,  by  thrusting  the  fingers  into  the 
space  between  the  pectoral  and  deltoid.  In  fracture  it  may  be  depressed,  as  it  is  in 
fracture  of  the  scapular  neck.  The  axillary  arlery  can  be  felt  just  to  the  inner  side 
of  the  coracoid  as  it  passes  o  ver  the  second  rib. 

The  spine  is  least  prominent  in  muscular  and  most  conspicuous  in  feeble  and 
emaciated  persons.  This  is  also  true  of  the  inferior  angle,  which  in  weak,  and 
especially  in  phthisical,  subjects  is  not  held  tightlv  to  the  chest,  but  projects  in  a 
wing-like  manner  (scapulae  alatae).  This  is  partly  due  to  general  muscular  \veak- 
ness,  in  which  the  latissimus  dorsi  and  scrratus  magnus  participate,  and  partly  to 
the  shape  of  the  thorax  and  the  direction  of  the  clavicles.  The  flatter  and  shallower 
the  chest  the  more  oblique  in  direction  and  the  lo\ver  are  the  collar-bones,  carrying 
with  them  downward  and  for\vard  the  upper  and  anterior  portions  of  the  scapulae, 
and  by  that  much  tending  to  make  the  lower  and  posterior  portions  more  promi- 
nent. 

The  length  of  the  arm  is  usuallv  measured  from  the  junction  of  the  spine  of  the 
scapula  and  the  acromion — the  acromial  angle — to  the  external  condyle  of  the 
humerus. 

The  vertebral  edge  of  the  scapula  lies  just  at  the  side  of  the  spinal  guttcr. 
\Vhen  the  arm  hangs  at  the  side  of  the  bodv,  this  edge  is  parallel  \vith  the  line 
of  the  spinous  processes.  It  can  be  made  prominent  (for  palpation)  by  carrving 
the  hand  of  the  patient  over  the  oppositc  shoulder.  The  superior  angle  is  made 
accessible  by  the  same  position.  The  axillary  border  of  the  scapula  and  the  inferior 
angle  are  best  examined  with  the  elbo\v  flexed  and  the  forearm  carried  behind  the 
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back.  With  the  arm  at  the  side,  the  supcrior  angle  is  about  on  the  level  of  the 
uppcr  fdge  of  the  second  rib  ;  the  inferior  anglc  is  opposite  the  seventh  intercostal 
3|>actr  (and  hence  is  a  ({ulde  in  SL'lecting  a  space  for  the  various  operations  for  em- 
pyctna,  piige  1867);  thoinnerend  of  ihe  spint  is  opposite  the  spinous  process  of  the 
ihird  dorsai  vertcbra. 

\Vith  the  sliouldcrs  drawn  torcibly  l>ackward,  the  vertebral  borders  of  the  scapuls 
can  be  madc  almost  to  touch  at  the  level  of  tho  spincs,  and  are  not  more  than  from 
two  to  three  inches  apart  at  the  angles.  With  the  hands  clasped  on  the  vertex,  the 
inferior  angles  are  from  sixteen  to  seventeen  inches  apart.  By  crossing  the  arms  on 
the  front  of  the  chest,  and  leanin^  forward,  the  scapulat  are  aiso  widely  separated, 
and  this  position  is  theretore  selected  for  auscultation  and  percussion. 

The  mobility  of  the  scapula  lessens  the  functional  disability  in  ankylosis  of  the 
shoulder-joint. 

LIGAMENTS   OF  THE   SCAPULA. 

Two  ligaments — the  transverse  and  the  coraco-acromial — pass  from  one  part  ot  the 
scapula  to  another. 

The  transverse  or  suprascapular  ligament'  (Fig.  289)  is  a  little  band  on  the 
upper  border,  just  behinti  the  root  of  the  coracoid,  making  a  bridge  over  the  supra- 
scapular  notch,  vinder  which  the  supniscapular  nerve  passes.  It  may  be  repla«a  by 
bone. 

The  coraco-acromial  ligament'  (Fig.  274)  is  a  triangular  structure,  broad 
at  its  base,  along  the  outer  border  of  the  coracoid  process,  and  narrowing  to  its 
insertion  into  the  inner  sidc  of  the  cnd  of  the  acromion  just  in  front  of  the  acromio- 
clavicular  joinl.  The  borders  are  strong,  converging  bands  with  a  weak  apace 
between,  the  front  one  being  the  sironger  and  overlapping  the  other  when  they 


mect.  The  coursc  o(  the  tibres  in  the  weaker  part  is  \'ariable  ;  sometimes  they 
diverge  from  near  the  front  of  the  coracoid  to  the  posterior  b:tnd,  sometimes  they 
are  in  the  main  paralkl  »ith  tho  latter.  sometimes  a  Liand  passes  from  this  membrane 
to  the  friint  of  the  clavicle.  The  ueak  i«>rtion  of  this  ligament  is  pierced  by  the 
|>ectorahs  niiimr,  whin,  as  often  happens,  this  muscie  is  inserted  into  the  capsule  of 
Ihe  shniildtr  or  the  upper  end  of  the  humertis.  This  ligament  is  really  part  of  the 
apparatus  of  the  shoulder-joint.  forming  a  roof  over  the  capsule.  from  which  it  is 
s(-parat(-d  by  a  liursa.      Ilefore  dissection  the  hind  border  of  the  ligament  is  not  vciy 
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distinct,  since  thc  bursa  appears  to  cOnnect  it  with  the  capsule  below  and  a  thin 
bscU  with  the  clavicle  above. 

The  spino-glenotd  ligament'  is  an  occasional  little  band  at  the  great  scapular 
notch,  running  from  the  antcrior  border  of  the  spine  to  the  posterior  edge  of  the 
glenoid  c:avity,  crossing  the  suprascapular  vessels  and  nerv^e. 

THE  CLAVICLE. 
The  function  of  the  clavicle,'  or  coUar-bone,  which  extends  from  the  top  of  the 
stemum  to  the  acromion,  is  to  give  support  to  the  shoulder-joint  in  the  wide  and 
varied  movements  of  the  arm.  It  is  found  in  mammals  that  climb,  fly,  dig,  or  swim 
with  movements  requiring  an  oulward  and  backward  sweep  of  the  arm.  It  is 
absent  in  those  that  use  the  forc-limb  simply  for  progression  with  movements  nearly 
restncted  to  one  plane.     It  is  present,  but  imperfectly  developed,  in  some  carnivora 

Fig.  275. 


a  doubly  curved  shaft,  a 


Vhosc  arms  serve,  in  part,  for  prehension.      In  mai 

thick  inner  end,  and  a  flallened  ouler  one. 

The  shaft  is  convex  in  front  through  the  two  inner  thirds  and  concave  in  the 
omjier  one.  The  former  porlion  has  a  supcrior,  an  inferlor,  an  antcrior,  and  a  pos- 
'^■-ior  surface  ;  but  In  the  outer  third  the  two  l.itter  surfact-s  narrow  into  borders. 
T~l^e  supcrior  surface  is  smooth,  e.\cept  for  a  slight  unevenness  at  the  inner  end. 


(fiving  origin  to  the  clavicular  hcad  of  the  sterno-cleido-mastoid.  The  inferior  sur- 
face has  near  the  inner  end  an  ovai  roughness,  which  may  or  niay  not  be  raised, 
'***"  the  rhomboid  ligament  from  the  cartilage  of  the  first  rib.  Bcyond  this  is  a  lonjji- 
tudinal  groovp.  more  mnrkcd  near  the  outer  end,  for  the  insertion  of  the  subclavius 
^Uscle.  Outfiideof  the  middk-.  near  thc  hind  border  (sometimes  on  the  hind  surface), 
*  the  nutrieni  foramen.  dirt-ctcd  outward.  The  anterior  surface  narrows  continu- 
*"y  from  within  outward.      Thc-  inntr  two-thirds  are  rough  for  the  pcctoralis  major  ; 
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external  to  ihis  the  rough  concavc  edge  gives  origin  to  the  dcltoid.  The  beginning 
of  this  is  oftcn  markcd  by  a  minute  tubercle,  which,  when  exceptionally  large,  is 
the  dcltoid  tubercle,  The  posterior  surface  is  smooth,  and  narrows  graduaUy  till 
it  reachcs  the  outer  end,  the  beginning  of  which  is  marked  by  a  tubercle  on  the 
under  surface. 

The  borders  are  very  ill  marked.  The  sharpest  is  that  separating  the  anterior 
from  the  inferior  surface.  That  betueen  the  anterior  and  superior  ones  is  fairly  well 
marked  near  the  inner  end  ;  but  it  soon  grows  indistinct,  so  that  often  at  the  middle 
of  the  bone  the  front  surface  seems  to  twist  into  the  uppcr,  and  the  anterior  inferior 
bordcr  bccomes  the  front  border  of  the  outer  end.  Of  the  posterior  borders,  the 
upper,  though  rounclcd,  is  distinct  along  the  middle  of  the  bone  ;  the  lower  is  very 
vague,  but  usually  is  well  defined  in  the  outer  part ;  when  it  is  not,  the  posterior 
surface  seems  to  twist  into  the  lower. 

The  inner  or  stemal  extreniity*  is  club-shaped,  drawn  out  downward  and 
somewhat  back\vard.  Its  inner  surface,  coated  with  articular  cartilage,  is  of  very 
variable  shape.  It  is  approximately  oval,  with  the  long  axis  slanting  downward  and 
backward,  and  is  rough  and  generally  concave,  but  not  always  so.  The  front  edge 
of  the  inner  surface  forms  an  acute  angle  with  the  anterior  border  of  the  bone,  and 
the  hind  one  an  obtuse  angle. 

The  outer  or  acroniial  extreniity  -  is  fiattened  above  and  below  and  curved 

foru^ard.     At  the  very  front  of  this  end  is 

Fig.  277.  an  articular  surface  joining  the  scapula.     It 

^  is  oval,  with  the  long  axis  horizontal,  and 

usually  faces  downward  as  well  as  outward. 
There  is  generally  l^ehind  this  a  rough  space 
for  ligament  at  the  end,  which  graduaHy 
slants  into  the  hind  border.  The  concid 
tubercle '  is  at  the  posterior  border  of  the 
lower  surface  of  the  outer  extremity  just  at 
its  junction  with  the  shaft.  The  trapezoid 
ridge  extends  from  it  fonvard  and  outward 

Ossificaiion  of  claviclc.    .^,  at  birth ;  a,  chief  cen-      arrrvM    the    hnnp        Its    antmor   nortinn   1« 
tre:  *.  r.  cartilaKinous  ends.    B,  at  about  eighle«n      »cross    me    DOne.       IIS    aniCFlor    poruon    B 

y«re ;  rf.  sieniai  epiphysis.  often  broad.     This  tubercle  and  ndge  are 

for  the  insertion  of  ligaments  of  correspond- 
ing  names,  passing  upward  from  the  base  of  the  coracoid.  Between  the  ridge  and 
the  end  of  the  bone  there  is  a  smooth  space,  sometimes  almost  a  groove,  which  lies 
above  the  supraspinatus  muscle  as  it  crosses  the  shoulder-joint.  The  clavicle  varies 
greatly  in  length,  thickness,  amount  of  cur\'e,  and  in  the  outline  of  the  ends.  Some- 
times the  outer  end  is  but  little  broader  than  the  shaft.  A  ver>'  rare  form  is  one  in 
which  the  inner  part  of  the  shaft  is  flat  and  but  slightly  thicker  than  the  outer. 

Differences  duc  to  Sex. — The  male  bone  is  longer,  stronger,  more  cur\'ed, 
and  with  larger  articular  facets.  Apart  from  sex,  a  strong  bone  is  generally  more 
curved. 

DeTelopnient. — The  centre  for  this  bone,  evident  in  the  sixth  week,  precedes 
ali  others.  It  is  remarkable  as  developing  in  indifferent  tissue  before  any  hint  of  the 
bone  is  to  be  seen.  A  little  later  a  cartilaginous  outline  appears,  which  is  shortly 
involved  in  the  ossifving  process.  At  about  seventeen  a  centre  is  formed  in  the 
epiphysis  at  the  stcrnal  end,  and  joins  the  shaft  a  vear  or  so  later. 

Surface  Anatomy. — In  life  the  anterior  surface  and  edge,  as  well  as  the 
superior  surface,  are  easilv  felt  ihrough  the  skin.  The  joint  with  the  acromion  is  dis- 
tinct, the  clavicle  l>eing  higher  than  the  scapula.  The  position  of  the  bone  is  nearly 
horizontal,  but  in  strong  men  the  outer  end  is  often  the  higher.  The  bone  is  highly 
elastic,  owing  to  its  curves. 

PRACTICAL  CONSIDERATIONS. 

The  chiv.-f  function  of  the  clavicle  is  to  stt'a(ly  the  shouldcr  and  keep  the  upper 
arm  at  such  a  distance  from  the  trunk  that  the  nuiscles  running  from  the  latter  to 
the  hunicrus  mav  give  it  lateral  motion.     Thcrrfore,  in  animals,  in  \vhich  no  such 
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movement  exists,  and  the  fore-limbs  are  used  only  in  progression,  no  clavicle,  or  a 
mere  nidiment  of  it,  is  present. 

Congenital  absence  of  both  clavicles  is  rare.  In  several  reported  cases  the 
shoulders  could  be  brought  together  in  front  of  the  body.  The  congenital  abi^ejcice 
of  both  acromial  ends  is  not  so  uncommon.  Theoretically,  one  would  expect,  as  ;a 
result  of  absence  of  the  clavicle,  a  weakened  upper  extremity,  some  lateral  curvature 
of  the  spine,  interference  with  the  upper  chest  (from  the  weight  of  the  arm  and 
«H:apula),  and  hence  diminished  lung  capacity  with  the  secondary  ill  effects  upon 
growth,  nutrition,  etc. 

Such  consequences  were  predicated  (Maunder)  as  a  result  of  arrest  of  growth 
from  epiphyseal  separation,  but  neither  in  those  cases,  in  non-union  after  fracture, 
nor  in  congenital  absence  have  they  been  noted.  On  the  contrary,  in  the  four 
cases  of  symmetrical  absence  of  the  acromial  end  recorded  by  Gegenbaur  the  func- 
tional  disability  was  slight,  the  motions  of  the  scapula  being  unimpaired. 

The  whole  bone  becomes  ossified  very  early,  bcginning  before  any  other  long 
bone  of  the  skeleton.  Its  one  epiphysis,  at  the  stemal  end,  is,  on  the  contrary,  the 
last  of  the  epiphyses  of  the  long  bones  to  ossify,  appearing  about  the  seventeenth  or 
dghteenth  year  and,  according  to  Poland,  joining  the  diaphysis  from  the  twenty- 
second  to  the  twenty-fifth  year.     Dwight  places  the  time  of  union  somewhat  earlier. 

Separation  of  this  epiphysis  is  among  the  rarest  of  epiphyseal  detachments. 
But  five  cases  have  been  recorded.  Two  of  them  were  from  muscular  action,  the 
pectoralis  major  and  the  clavicular  fibres  of  the  deltoid  being  apparently  the  agencies 
that  carried  the  stemal  end  of  the  diaphysis  forward. 

The  age  of  the  patient  (from  seventeen  to  t\venty-five),  the  shape  of  the  flattened 
diaphyseal  end  (unlike  the  pointed  end  of  a  fractured  bone),  and  the  integrity  of  the 
shape  of  the  suprasternal  notch  aid  in  distinguishing  this  accident  from  a  fonvard 
dislocation  or  a  fracture  on  the  inner  side  of  the  costo-clavicular  ligament. 

Fracture  of  the  clavicle  is  more  common  than  that  of  any  other  bone,  except  possi- 
bly  the  radius  ;  it  is,  likewise,  the  most  frequent  seat  of  incomplete  ( *  *  greenstick' * ) 
fracture.  About  one-half  of  ali  clavicular  fractures  occur  during  early  childhood. 
This  frequency  is  due  ( i )  to  the  early  ossihcation  of  the  bone,  so  that  it  is  relatively 
more  brittle  than  are  the  other  bones  ;  (2)  to  the  lack  of  close  attachment  between 
the  periosteum  and  the  bone  ;  (3)  to  the  unusual  thickness  of  the  periosteum  (prob- 
ably  associated  with  the  early  ossification ) ,  which  tends  to  prevent  complete  fracture  ; 
and  (4)  to  the  common  occurrence  of  falls  and  minor  accidents  among  children. 

The  amount  of  disabilitv  is  often  surprisingly  slight,  and  the  diagnosis,  unless 
confimied  by  skiagraphic  testimony,  may  have  to  be  made  on  the  basis  of  very  trifling 
deforniity  with  localized  tenderness  and  swelling. 

Muscular  action  may  produce  fracture  through  the  violent  contraction  of  the 
pectoralis  major  or  of  the  clavicular  portion  of  the  deltoid. 

Indirect  violence  f  received  through  falls  on  the  hand,  elbow,  or  shoulder)  is 
the  common  cause.  The  frequency  with  which  such  falls  occur,  and  the  unifomiity 
with  which  the  force  is  transmitted  to  a  slender  bone  containing  but  little  cancellous 
tissue,  and  held  firmly  at  either  end  by  strong  ligamentous  attachments,  sufhciently 
explain  the  common  occurrence  of  clavicular  fracture. 

The  break  usually  occurs  about  the  junction  of  the  middle  and  outer  thirds, 
because:  (i )  the  outer  end  (like  the  inner)  is  firmly  held  by  the  ligamentous  connec- 
tions.  the  middle  of  the  lx)ne  being  the  most  movable  ;  ( 2 )  at  the  outer  end  of  the 
middle  third  the  bone  is  snialler,  and  therefore  \veaker  ;  (3)  at  this  point  the  sternal 
curve  (convex  for\vard)  and  the  acromial  curve  (concave  fonvard)  meet,  and  force 
applied  to  the  extremity  of  the  bone  is  there  expended. 

Fracture  of  the  clavicle  is  rarelv  compound,  because,  although  the  bone  is  sub- 
cutaneous,  the  skin  is  ver\'  freelv  movable  over  it,  and  because  the  usual  displace- 
ment  carries  the  sharp  end  of  the  outer  fragment  backward  and  the  sharp  end  of 
the  inner  fragment  upward  (Fig.  278). 

The  anatomical  causes  of  the  common  form  of  displacement  \vill  be  considered 
in  connection  with  the  niusclcs  conccmed  (page  579). 

The  relations  of  the  clavicle  \\y  great  vessels  and  nc-rve-trunks  \vould  seem  to 
render  frequent  complications  probable,  but  as  a  matter  of  fact  the  latter  occur  with 
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comparative  rarity  :  ( i )  because  of  the  elastic  curves  of  the  bone,  which'  enaUe 
it  to  escape  (raclure  in  inany  cases  of  direcl  violence  ;  (2)  becauiie  of  the  inter- 
position  of  the  subciavius  muscle  bctwecn  tlic  bone  and  the  nervous  and  vascular 
trunks ;  (3)  because  of  the  situation  of  the  comrnoii  fracture,  the  inner  end  of 
the  oiiter  fragment  ( ihe  portion  most  likely  to  iiiflict  injury )  bcing  both  above  and 
external  to  the  regjon  of  danger.  Stili,  casus  of  wound  of  the  sutx:lavian  vessels, 
internal  jugular  vein,  and  of  pressure  pa- 
PiP      (J  ralysis  of  the  upper  extremily  have  been 

reported  as  complications  of  fracture  of 
the  clavicle. 

'l'he  supraclavicular  nerves  (branches 
of  the  third  and  fourth  cervical)  pass  in 
front  of  the  lione,  and  may  be  invotved  in 
the  cullus,  giving  rise  to  severe  and  per- 
sistent  [>ain. 

In  resedioii  or  excision  of  the  cla\'i- 
cle,  either  for  diseasc  or  as  a  step  in  the 
pcrformance  of  an  interscapulo-thoracic 
ampiitatlon.  the  p  roteč  ti  on  afforded  the 
vessuls  by  the  subciavius  muscle  should 
be  remembcred-  Superficially,  the  cephalic  vein  and  the  siupradavicular  nerves  niay 
have  to  be  dividcd. 

Disease  of  the  clavicle  is  not  uncommon  as  a  resiilt  of  the  various  infections. — 
8yphilitic,  tiiberculous,  tvphoidal,  etc,  l"he  bone  is  also  the  sidjject  of  new  grouths, 
e9pccially  of  sarconiata.  Thi;  anaiomical  relations  iilrea<.ly  alluded  to  are  those  chief]y 
involved  in  these  cases. 

Swi'lliny  and  oHlcma  of  the  arm  inay  result  from  pressure  on  the  subclavian 
vein  in  the  angle  IjetHeen  the  cla\ncle  and  the  rib  ;  gangrene,  froin  pressure  upon 
the  arlcrj- :  pain  or  paraivsis,  fnini  pressure  upon  the  brachial  plexus  ai  the  outer 
part  of  the  costo-cIa\'iciilar  s]>ace.  It  is  probabic  tliat,  in  view  of  the  sul>cutaneous 
position  of  the  cla\'icle  aiul  its  consequent  exposurc  to  sHght  traumatisms,  osteitis  of 
one  form  or  anothcr  would  Ije  more  frecjuciit  if  it  were  not  for  its  great  elasticity, 
which  probablv  liniits  the  cffect  of  minor  blows  tn  the  su))erticics  of  the  bone,  Ac- 
cordingIy,  sy|)hilitic  subperiusteal  nodes  are  fairlv  conimon,  while  tuberculosis  and 
septic  and  post-typlioidal  osteitis  are  relativelv  rarc. 

Landmarks. — The  clavicle  is  subctitaneous  through  its  cntire  Icngth.  When 
at  rest  the  bone  is  aboiit  on  the  same  level  us  the  spine  of  the  scapula.  In  inspira- 
tion  it  mo\'cs  forward  an  inch. 

The  inner  end  of  the  bone  Ls  its  largest  |x)rtion,  and  its  projection  in  front  of 
and  atmvc  the  clavicular  notcli  on  the  sternum  should  not  be  erroneously  regarded 
as  evidence  of  disease  or  injurv.  The  dettoid  tuljercle  at  its  outer  third  is  sometimes 
unusu:Uly  prominent,  and  should  not  thcn  l>e  niistaken  for  an  exostosis. 

The  curves  of  the  lx)ne  mav  eiisily  be  traced  from  end  to  end.  The  normal 
curves  may  be  increased  in  greenstick  fracture  »iihout  any  positive  angularitv  being 
produced  ;  but  in  this  čase  carefui  measurcment  wi11  show  that  the  distance  between 
the  two  cnds  of  the  bone  is  slightlv  lessened  as  compared  with  the  uninjured  side. 
It  shoulil  not  l>e  forgotten.  howc\-er.  that  the  cur\'es  are  apt  to  be  increased  in  mus- 
cular  persons,  and  that  for  the  same  reason  the  right  clavicle  Ls  sometimes  more 
cur\'ed,  thicker,  and  a  little  shorter  than  the  left. 

In  general  terms  it  mav  be  said  that  the  inner  third  nf  the  bone  is  in  relation 
beloM-  to  the  tirst  rib,  »hich  it  crosscs  obli(|uely  ;  the  middie  third  to  the  a.xillary 
vcssels  and  the  brachLil  plexuH  fand  below  them  to  the  first  intercostal  space);  and 
the  outer  third  to  the  conieoid  process  and  the  acroniio-davicular  joint  (Fig.  274). 
In  the  male,  and  in  robiist,  vigorous  persons  gtnerally,  the  cla\icles  are  on  a  high 
plane  and  pass  alinost  hori/onlallv  tiutuard,  giving  the  "  square-shouldered  "  appear- 
ance  nsualh'  associated  witli  ideas  of  inusciilar  strength  and  tU-creasing  the  apparcnt 
length  ijf  ttie  neck.  In  the  slrung  male  tile  outer  end  mav  even  be  higher  than  the 
inner. 

In  namrn-ilu-sted  and  in  einisumplive  pers.ms  ihe  clavicles  are  depressed  and 


THE  STERNO-CLAVICULAR   ARTICULATION. 


261 


incline  downward,  and  hence  the  sloping  narrow  shoulders  and  long  necks  so  oftea 
scen  in  feeble  or  :n  phthisical  individuals. 

In  very  fat  persons,  in  those  suffering  from  organic  heart  disease  attended  with 
dyspncea,  and  in  emphy»eniatous  subjects  the  clavicles  are  raised  and  the  neck 
thereby  apparently  shortened. 

THE   STERNO-CLAVICULAR   ARTICULATION. 

This  is  the  only  joint  between  the  trunk  and  the  upper  extremity.     The  socket 

on  the  upper  angle  of  the  manubrium  is  coated  with  cartilage  which  often  extends 

a  litde  onto  the  ftrst  costal  cartilage.     This  very  shaIlow  socket  is  made  rather 

iii<»%  secure  by  the  fonvard  inclination  of  the  manubrium  and  aiso  by  being  rather 


Fig.  379. 


more  on  the  back  than  on  the  front  of  that  bone,  so  that  to  some  extent  it  over- 
laps  the  front  of  the  clavicle.  The  very  irrcgtilar  cnd  of  the  clavJcle  is  coaled  with 
cartilage,  »hich,  hovvever,  gives  it  no  regular  nor  consiant  shape.  As  a  rule,  it 
k  concave  from  before  backuard,  but  there  is  ofien  a  swelling  at  the  posterior 
bwer  angle. 

The  interarticutar  fibro-cartilage'  (Fig.  380).  a  disk  subdividing  the  joint 
into  two,  is  the  chief  factor  in  maintaining  the  great  security  of  the  joint.     It  is  a 

Fin.  a8o. 


»"ounded  disk,  thinnest  in  the  middle  and  generally  thickest  at  the  upper  bnrder, 
^■hich  is  attached  to  the  iippcr  cdge  of  ihc  inner  end  of  the  clavicle.  «hilc  the  lower 
lx)rder  is  attached  to  the  first  cnsl;il  cartilage  at  the  outer  hordcr  of  the  joint.  In 
the  main  it  faces  upuard  and  uutward,  so  that  the  clavicle  rests  ujran  it.  It  is  said 
to  bc  sometimes  perforatcd. 
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The  capsule  (Fig.  280)  surrounds  the  joint,  being  attached  to  the  borders  of 
the  articular  surfaces  and  also  to  the  borders  of  the  interarticular  disk.  It  is 
strengthened  before  and  behind  by  bands  running  upward  and  outward  from  the  ster- 
num,  of  which  the  posterior  are  the  stronger,  and  sends  some  deep  fibres  to  the  disk. 
These  bands  strengthcning  the  capsule  are  sometimes  described  as  the  anterior  and 
posterior  stemo-clavicular  ligaments.     There  are  two  distinct  synovial  caviiies. 

The  interciavicular  ligament  (Fig.  279)  is  a  fairly  well-defined  band  run- 
ning  from  the  top  of  one  clavicle  across  to  the  other.  It  is  closely  connected  with  the 
top  of  the  joint  and  loosely  uith  the  top  of  the  sternuni,  towards  which  it  sinks  with 
a  slight  curve.     This  does  niuch  tovvards  filling  up  the  deep  interciavicular  notch. 

The  costo-clavicular '  or  rhomboid  ligament  (Fig.  280)  arises  from  the 
costal  cartilage  just  outside  of  the  joint,  with  which  it  is  loosely  connected,  and  runs 
upward  and  outward  to  the  rough  rhomboid  impression  on  the  under  side  of  the 
clavicle.     It  is  a  layer  of  strong,  short  fibres. 

THE  SCAPULO-CLAVICULAR   ARTICULATION. 

The  Acromio-Clavicular  Articulation. — This  joint  includes  a  capsular 
ligament  (Fig.  274)  and  occasionally  an  intra-articular  fibro- cartilage.  The  elongated 
facet  on  cach  bone  is  covered  vvith  articular  cartilage,  that  of  the  clavicle  usually 
overlapping  the  other. 

The  capsule  is  weak,  except  above  and  behind,  uhere  there  are  strong  bands 
extending  outward  from  the  clavicle.     Of  these  the  posterior  are  the  longer. 

The  fibro-cartilage,  whcn  present,  is  vvedge-shaped,  attached  by  the  base  to 
the  superior  part  of  the  capsule,  the  thin  cdge  reaching,  perhaps,  half-way  through 
the  cavity  of  the  joint.  Sometimes  it  divides  the  joint  into  two.  There  may  be 
merely  a  thick  pad  of  fibrous  tissue  attached  to  the  outer  end  of  the  clavicle  with 
6nly  a  very  rudimentary  joint. 

The  coraco-clavicular  ligament  is  an  important  ligamentous  apparatus 
divided  into  an  outer  part,  the  trapezoid,  and  an  inner,  the  conoid  (Fig.  289).  These 
are  continuous  behind,  but  diverge  in  front.  The  trapezoid  ligament'  is  a  four- 
sided  layer  of  parallcl  fibres,  springing  from  the  trapezoid  ridge  and  the  top  of  the 
first  part  of  the  coracoid,  to  run  outward  to  the  trapezoid  ridge  on  the  under  side  of 
the  clavicle.  The  line  of  attachment  to  the  clavicle  is  usually  the  longer,  and,  as  this 
runs  fonvard  and  outward,  the  anterior  fibres  are  almost  horizontal.  The  conoid 
ligament »'  or  inner  part,  is  less  strong.  It  arises  from  the  posterior  border  of  the 
conoid  tubercle  at  the  root  of  the  acromion,  and  runs  to  the  tubercle  of  the  same 
name  at  the  back  of  the  under  side  of  the  clavicle.  Both  these  tuberdes  being 
prominences  of  some  size,  this  ligament  is  not  a  cord,  as  might  be  inferred,  but 
another  layer  continuous  with  the  trapezoid  behind.  The  inner  fibres  incline  inward 
as  they  ascend.  The  general  direction  is  upward  and  perhaf>s  a  little  backward,  but 
this  changes  with  the  position  of  the  bones.  There  may  be  a  synovial  bursa  in  the 
open  angle  seen  from  the  front  between  these  two  parts  of  the  ligament. 

Movements  of  the  Clavicle  and  Scapula. — The  compound  joint  at  the 
inner  end  of  the  clavicle  is  practically  a  universal  one.  The  clavicle  can  be  raised, 
depressed,  carried  fonvard  or  backvvard,  circumducted,  and  slightly  rotated.  The 
outer  and  lower  end  of  the  disk  being  attached  to  the  corresponding  border  of  the 
facet,  it  follows  that  the  clavicle  lies  upon  it.  When  the  shoulder  is  raised  or 
depressed  the  motion  is  almost  wholly  between  the  clavicle  and  the  disk,  though  the 
latter  slidt*s  a  little.  and  in  marked  falling  of  the  shoulder  the  top  of  the  disk  starts 
to  come  out  of  the  socket,  but  is  restrained  by  the  top  of  the  capsule.  Foru-ard  and 
l>;ickward  motions  occur  chieflv  lK*tween  the  disk  and  the  sternum,  but  there  is  some 
displacement  of  the  former.  Circumduction,  therefore,  involves  both  {>arts  of  the 
joint  :  rotation  is  chieflv  in  the  inner  one. 

It  is  remarkable  that  a  joint  at  \vhich  there  is  so  much  strain,  owing  to  leverage, 
should  Ih?  so  stn^ng  uith  such  apparentlv  imperfect  l>ony  arrangements  for  retention. 
Part  i>f  the  s;ifety  is  due  to  thr  subdivision  of  the  joint  and  a  great  deal  to  the  assist- 
ance  of  muscles.  At  lK>th  ends  of  the  clavicle,  as  Morris  has  pointed  out,  the  great 
muscles  are  so  placed  tiiat  bv  tluir  rontraction  thev  clra\v  the  bones  together. 

^  Lig.  co«toclavlc«l«rc.    -  Lig.  tra^suldcua.     '  Lig.  coooldevm. 
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The  obvious  advantage  of  a  joint  between  the  clavicle  and  the  acromion,  apart 
from  breaking  shocks  and  making  the  shoulder-girdle  much  more  elastic,  is  that  it 
allows  the  angle  between  the  bones  to  change  with  the  position  of  the  arm,  and  thus 
the  direction  of  the  glenoid  cavity  may  be  modified  so  as  to  give  the  best  support  to 
the  ann  in  different  positions.  The  motion  at  the  outer  end  of  the  clavicle  is  con- 
siderable,  but  indefinite.  The  overlapping  clavicle  can  advance  a  little  laterally 
onto  the  acromion,  except  in  the  cases  in  which  the  plane  of  the  joint  is  vertical. 
There  is  also  motion  on  an  approximately  vertical  axis  when  the  shoulder  is  thrown 
fonvard  and  the  outer  end  of  the  clavicle  advances,  the  angle  between  the  back  of 
the  clavicle  and  the  spine  of  the  scapula  being  diminished.  When  the  clavicle  can 
advance  no  farther,  the  tension  of  the  trapezoid  ligament  checks  the  progress  of  the 
coracoid.  In  the  withdrawal  of  the  shoulder  the  reverse  occurs,  the  movement 
being  finally  checked  by  the  conoid.  In  up-and-down  movements  of  the  shoulder 
the  motion  is  on  an  approximately  antero-posterior  axis.  When  it  rises  the  base  of 
the  coracoid  comes  into  direct  contact  with  the  clavicle  and  the  rhomboid  ligament 
is  strained  ;  when  it  falls  the  clavicle  rests  on  the  first  rib  and  the  conoid  is  put  on 
the  stretch,  as  are  also  the  interclavicular  ligament  and  the  top  of  the  capsule  of  the 
stemal  end.  Probably  the  freest  movement  is  when  the  arm  is  raised  vertically,  in 
which  čase  the  lower  angle  of  the  scapula  swings  strongly  fon^ard  so  as  to  direct  the 
glenoid  cavity  more  nearly  upward.  The  clavicle  rises  from  the  sternal  end,  and 
perhaps  slightly  rotates.  Possibly  the  lower  end  of  the  scapula  is  withdrawn  slightly 
from  the  chest.  Apart  from  the  movements  of  the  arm  the  scapula  may  change  its 
position  considerably.  It  may  rotate  on  either  the  end  of  the  acromion  (as  in  rais- 
ing  the  arm)  or  on  the  superior  angle,  the  lower  angle  being  the  most  movable 
point.  When  it  is  carried  far  forward  a  larger  portion  of  the  posterior  surface  of 
the  lungs  can  be  examined.  The  scapulae  may  also  be  raised  or  brought  nearer 
together. 

Surface  Anatomy  of  the  Shoulder-Girdle. — The  general  shape  of  the 
clavicle  is  easily  made  out  by  pressing  on  its  front  and  superior  surfaces  with  the 
muscles  relaxed.  The  degree  of  backward  projection  of  the  inner  end  can  be  deter- 
mined.  It  is  placed  horizontally  in  woman  ;  in  man  the  outer  end  is  slightly  raised. 
The  joint  with  the  acromion  is  easily  felt  from  above,  the  clavicle  being  the  higher. 
The  outline  of  the  acromion,  which  slopes  somewhat  downward,  is  easily  felt.  It 
forms  the  point  of  the  shoulder-girdle,  but  not  of  the  shoulder,  as  the  humenis 
always  projects  beyond  it  externally.  A  plane  vertical  surface  placed  against  the 
outside  of  the  shoulder  cannot  touch  the  acromion  if  the  head  of  the  humerus  is  in 

Elace.  The  possibilitv  that  the  outer  epiphysis  of  the  acromion  may  not  unite  by 
one  is  to  be  remembered.  The  finger  can  be  carried  from  the  acromion  along  the 
spine  to  its  triangular  origih.  The  tip  of  the  coracoid  is  to  be  felt  by  manipulation 
in  the  infraclavicular  fossa  at  the  inner  side  of  the  humerus.  The  posterior  border 
of  the  scapula  is  always  to  be  felt ;  in  thin  persons  its  outline  can  be  traced  and  the 
shape  of  the  inferior  angle  approximately  recognized. 

PRACTICAL   CONSIDERATIONS. 

The  Sterno-Clavicular  Articulation. — The  interposition  of  an  elastic  buflfer 
in  the  shape  of  the  interarticular  fibro-cartilage,  united  to  both  the  bones  by  very 
strong  ligamentous  fibres,  and  completely  bisecting  the  joint  (Fig.  280),  in  fact, 
converting  it  into  two  separate  joints,  prevents  the  clavicle  from  transmitting  to  the 
stemum  the  full  force  of  blows  and  falls  received  upon  the  hand  or  shoulder,  and 
allows  of  the  varied,  though  limited,  movements  of  the  articulation. 

Dislocation  is  rare.  The  lije^aments  are  stronger  than  the  clavicle,  which  is 
therefore  usually  broken  by  any  force  sufficient  to  threaten  the  integrity  of  the  joint. 
The  curves  of  the  clavicle,  the  mobilitv  of  the  scapula,  and  the  play  of  the  acromio- 
clavicular  joint  ali  tend  to  diffuse  forces  that  might  otherwise  have  been  expended 
on  this  articulation,  \vhich  is  furthermore  strengthened  by  the  tendinous  origins 
of  the  sterno-cleido-mastoid  and  of  the  pectoralis  major. 

The  most  common  form  of  dislocation  is  the  for\vard  one,  the  anterior  sterno- 
davicular  ligament   being  the   \veaker  and   thinner.      Backuard   luxation   is   re- 
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sisted  by  the  more  powerful  posterior  ligament  and  by  the  rhomboid.  UpwaFd 
displacemcnt — the  least  frequeiit — is  resisted  by  the  interarticular  cartilage,  which  is 
strongly  inserted  below  into  the  cartilage  of  the  Brst  rib  and  the  sternum,  and  above 
into  the  claviclc  itself,  by  the  rhomboid  and  intcrclavicular  ligaments  and  by  both 
the  anterior  and  posterior  ligaments  ;  hence  the  rarity  of  this  luxation. 

In  many  displacements  of  the  sternal  end  of  the  clavicle  the  shoulder  is  carried 
downward  or  backward  until  the  clavicle  is  in  contact  with  the  strong  first  rib,  which 
then  acts  as  a  fulcrum,  the  sternal  end  of  the  bone  continuing  its  upward  or  fonvard 
motion  until  the  resisting  ligaments  are  torn  and  the  luxation  is  produced. 

In  backward  dislocation  by  indirect  violence  the  force  has  usually  pushed  the 
shoulder  fonvard  and  inward,  as  when  the  patient  has  been  caught  between  two  cars 
or  between  a  wall  and  a  wagon. 

In  this  dislocation  the  sternal  end  may  press  upon  the  trachea,  the  intemal 
jugular,  or  the  beginning  of  the  innominate  vein,  and  may  therefore,  if  the  faiilty 
position  has  becomc  permanent,  rcquire  excision. 

Disease  of  the  sterno-clavicular  joint  is  not  very  common,  considering  its  super- 
ficial  position  and  its  constant  motion.  This  is  probably  due  to  the  fact  that  the 
motion  is  slight  and  that  strains  and  injury  to  the  synovial  membranes  are  prevented 
by  the  strong  and  clastic  interarticular  cartilage  and  by  the  strength  of  the  ligaments. 
Suppuration  usually  shows  itself  in  front  (as  the  anterior  ligament  is  the  thinnest)» 
but  may  perforate  by  ulccration  the  posterior  ligament  and  find  its  way  to  the  medi- 
astinum.  With  the  arm  at  the  side  the  articulation  becomes  V-shaped,  the  clavicle 
touching  the  joint  surface  ()iily  at  its  lowest  angle.  With  the  arm  elevated,  the  two 
joint  surifaces  are  brought  into  closer  relation,  and  the  shape  of  the  joint  viewed  from 
the  front  becomes  linear  ;  hence  raising  of  the  arm  is  uniformly  productive  of  pain 
in  disease  of  the  joint. 

Ankylosis  is  rare.  probably  ovving  to  the  separation  of  the  diseased  joint  surfaces 
by  the  thick,  resistant  fibro-cartilage. 

The  Acromio-Clavicular  Articulation. — This  is  oneof  the  shallowest  of 
the  articulations,  the  clavicle  being  merely  superimposed,  as  it  were,  upon  the  upper 
edge  of  the  acromion.  The  powerful  ligaments  which  bind  the  clavicle  to  the  cora- 
coid  (the  conoid  and  trapezoid),  although  thcv  have  no  direct  relation  to  the  joint, 
are  the  most  important  factors  in  preserving  its  integrity  when  force  is  applied  to  the 
point  of  the  shoulder. 

The  movements  of  the  joint  are  around  t\vo  axes,  an  antero- posterior  and  a 
vertical  one,  so  that  the  relations  of  the  glenoid  cavity  to  the  humerus  may  remain 
relatively  unchanged  when  the  arm  is  elevated  or  is  advanced.  The  scapula  must 
obviously  move  backward  or  forward  on  the  side  of  the  chest  in  a  curve  established 
by  the  curve  of  the  ribs.  It  docs  this  on  a  radius  rcpresentcd  by  the  clavicle,  the 
centre  of  the  rotation  being  at  the  sterno-clavicular  joint.  The  acromio-clavicular 
joint  enables  this  motion  to  take  plače,  \vhile  at  the  same  time  the  glenoid  cavity 
continucs  to  |>oint  obliquely  forward.  If  it  were  not  for  this,  the  act  of  pushing 
or  striking  with  the  arm  advanced,  or  of  falling  upon  the  hand  with  the  arm  in 
a  like  |>osition,  would  bring  the  head  of  the  humerus  against  the  capsule  of  the  joint 
instead  of  against  the  glenoid  cavitv,  and  woul(l  thus  increase  the  frequency  of 
luxation.  Conversely,  **rigidity  of  this  little  joint  may  be  a  cause  of  insecurity  in 
the  articulation  of  the  shoulder  and  of  weakness  in  certain  movements  of  the  limb" 
(Treves). 

Dishration  is  rare.  The  dislocation  of  the  acromial  end  of  the  clavicle  upward 
(describeil  by  some  surgical  writers.  for  the  s;ike  of  uniformity,  as  dislocation  of  the 
scapula  do\vii\var(l )  is  much  the  more  frequent.  The  capsular  ligament  is  tom  or 
stretched,  even  in  the  incomplete  forms.  In  the  complete  varietv  the  coraco- 
clavicular  ligaments  must  In*  torn  or  ruptured,  but  their  great  strength.  increased  in 
effectivmvss  hy  their  distance  from  the  joint,  renders  this  accident  uncommon. 

I)islocati<»n  of  the  clavicle  hcneath  the  acromion — lK-twcen  it  and  the  coracoid 
proccss — anil  dislocation  of  the  clavicle  lx-iU'ath  the  coracoid  are  extremely  rare 
accid«  nts.  It  is  not  ciTtain  that  the  lattcr  has  fver  occurred.  Both  ohviousIy 
re<iuirf  for  ihcir  prodnction  extfnsive  lacrration  of  aH  of  the  ligaments  binding 
together  the  scapula  and  the  outer  portion  of  the  clavicle. 
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The  bone  of  the  arm  consists  of  a  shaft  and  two  enlarged  extremities. 

The  upper  extreinity  includes  a  globular  articular  head  and  two  tuberosities 
for  muscular  insertions.  The  head'  looks  upward,  inward,  and  backward.  It  is 
not  truly  a  part  of  a  sphere,  for  the  curve  in  the  horizontal  plane  is  bolder  than  that 
in  the  vertiad.  The  vertical  diameter  between  the  edges  of  the  articular  surface  is 
longer  than  the  transverse.  It  is  surrounded  by  a  slight  groove  for  the  attachment 
of  the  capsular  ligament  at  what  is  called  the  anatomical  iieck}  The  surgical  neck*  is 
just  below  the  whole  upper  extremity.  The  tuberosities  are  separated  in  front  by  a 
deep  furrow,  the  bicipitai  groove,*'  through  which  runs  the  tendon  of  the  long  head 
of  the  biceps.  The  greater  tuberosity '  is  a  rough  enlargement  placed  extemally. 
Its  highest  point  is  at  the  front,  just  by  the  groove.  A  superior  surface  of  this 
tuberosity  begins  here  and,  passing  downward  and  backward  beside  the  head, 
broadens  as  it  goes.  It  bears  three  smooth  facets  for  the  insertion  of  the  supra- 
spinatus,  the  infraspinatus,  and  the  teres  minor,  in  this  order  ;  the  first  being  highest 
and  most  in  front,  the  last  and  lovvest  most  behind.  The  lesser  tuberosity,*  much 
smaller,  is  on  the  front  of  the  bone.  It  bears  a  prominent  angle,  sometimes  an 
actual  crest  running  downward  and  invvard  for  the  subscapularis.  The  upper  aspect 
of  the  process,  which  looks  also  inward,  is  smooth  for  a  bursa  beneath  the  tendon. 

The  shaft  is  roughly  cylindrical  above  and  prismatic  below.  It  is  convenient 
to  divide  it  by  three  borders  into  three  surfaces.  The  anterior  bordcr  starts  from 
the  greater  tuberosity  as  the  outer  lip  of  the  bicipitai  groove,  \vhich,  growing 
shallower,  can  be  traced  through  the  first  quarter  of  the  shaft.  This  outer  lip 
becomes  thicker  and  more  prominent  for  some  t\vo  inches  below  the  surgical  neck 
to  receive  the  insertion  of  the  pectoralis  major.  Below  this  it  is  joined  by  the  lower 
end  of  the  deltoid  eminence,  after  which,  smooth  and  rounded,  it  grows  fainter,  but 
may  be  traced  downward  to  a  ridge  separating  the  capitellum  from  the  trochlea, 
where  it  ends.  The  intemal  border  starts  at  the  inner  side  of  the  neck,  often  so 
near  the  inner  lip  of  the  bicipitai  groove  as  to  be  confounded  with  it,  and  runs 
straight  down  to  the  very  tip  of  the  intemal  condvle.  It  is  at  best  very  faint  in  the 
first  quarter,  and  often  barely  visible  ;  but  it  is  distinct  in  the  middle  and  prominent 
in  the  last  third,  where  it  is  known  as  the  internat  siipracondylar  ridge.  The 
exUmal  border  begins  at  the  back  of  the  greater  tuberosity  and  runs  to  the  outer 
condyle,  the  louer  part  being  the  €xtcryial  snpracojidvlar  ridge,  which  has  a  fon^^ard 
cur\'e.  A  great  exaggeration  of  this  ridge  has  been  seen  in  the  negro.  The  internal 
sur/ace  bears  the  inner  lip  of  the  bicipitai  groove,  which,  starting  from  the  lesser 
tuberosity,  is  often  very  faint  ;  it  receives  the  tendon  of  the  teres  major.  The 
bicipitai  groove  soon  becomes  shallo\v,  and  is  lost  after  two  or  three  inches.  The 
nutrient  foramen,  running  do\vn\vard  into  the  bone,  is  rathcr  below  the  middle  of 
this  surface,  sometimes  being  almost  in  the  internal  border.  The  exiernal  sur/ace 
is  convex  in  the  upper  half  and  concave  in  the  lower.  Its  second  quarter  is  occupied 
by  a  long,  rough  elevation,  the  deltoid  eminence,^  slanting  downward  and  fonvard 
against  the  interior  border  for  the  insertion  of  the  deltoid  muscle.  The  posterior 
surface  is  twisted,  facing  somewhat  inward  above  and  back\vard  below.  The  upper 
plane  portion  gives  origin  to  the  outer  head  of  the  triceps,  and  the  lower,  convex 
except  below,  to  the  inner  head.  A  broad  spiral  groove  beginning  on  the  extemal 
sur^ce  behind  the  deltoid  eminence,  in  front  of  the  outer  border,  twists  forward  and 
downward.  This  is  generally  improperly  called  the  miisculo-spiral  groove,^  The 
groove  truly  deser\'ing  that  name,  containing  the  musculo-spiral  nerve  and  the  supe- 
rior profunda  artery,  occupies  the  lower  and  posterior  part  of  the  greater  groove, 
from  which  it  usually  is  not  to  be  distinguished  throughout,  though  both  grooves 
mav  be  distinct.  The  musculo-spiral  groove  is  some  five  millimetres  broad,  and, 
when  well  developed,  begins  on  the  posterior  surface,  separating  the  areas  for  the 
outer  and  inner  heads  of  the  triceps  muscle,  and  interrupts  the  extcrnal  border, 
behind  which  the  broad  spiral  groove  never  passes.  A  second  nutricnt  foramen, 
also  running  down\vard  and  sometimes  the  larger  of  the  t\vo,  mav  occiir  in  the 
groove.  The  shaft  takes  a  forvvard  bcnd  just  at  its  termination,  so  that  most  of  the 
iower  end  lies  in  front  of  the  continuation  of  the  axis  of  the  shaft. 

*  C«p«t   homcri.    ^Cotlam  anatomlcam.     'C.  chlmrfiaim.     ^Solcns  loCcrtnbcrcalarhi.    ^Tnbcrmlaa  au^v«*    *T«b. 
^osa.     ^  Tabtroaitas  dcitoidca.    "  Snicas  radlalb. 
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Fig.  aSj. 


The  lower  extremity  is  broad  from  side  to  side,  with  aii  articular  surface 
below,  and  two  latcral  prnjections,  the  condyles.  The  imier  condyU*  much  the 
lai^er,  is  sharp  and  prominent,  giving  rise  with  a  part 
of  the  supracondylar  ridge  to  the  flexor  pronator  mus- 
des.  It  IS  faintly  grooved  behind  by  the  ulnar  nerve, 
and  the  lower  part  of  the  front  often  presents  a  smooth 
surface.  The  outtr  condyU*  is  a  slightly  raised  knob. 
The  articuiar  surface,  most  of  which  is  at  a  lower  levd 
than  the  condyles,  consists  of  two  parts, — an  inner 
pulley-like  surface.  the  Irocklea,  for  the  ulna,  and  an 
outer  convexity,  the  capitellum,  for  the  radius. 

The  trochlea''  is  bounded  internally  by  a  sharp 
border,  forming  about  three-quarters  of  a  circle,  and 
projecting  below  the  rest  of  the  bone  as  well  as  before 
and  behind  it.  It  is  tmunded  extcrnally  by  a  ridge, 
which  is  prominent  behind  where  ihe  trochlea  forms 
the  whole  of  the  articular  surface,  but  is  faint  in  front 
vihere  it  separates  the  trochlea  from  the  capitellum. 
Above  the  joint  this  ridge  is  coutinuous  uith  the  an- 
terior  border  of  the  shafi. 

The  trochlea  is  convex  from  before  backward.  A 
section  through  the  middie  forms  almost  a  complete 
circle,  being  broken  only  above,  wherc  a  ihin  plate  con- 
nects  itwitli  the  shaft.  It  Is  concavo-convex  from  side 
to  side,  the  convexity  lx;ing  greatest  at  the  inner  bor- 
der. Thcre  is  a  depression  above  the  trochlea  both 
before  and  behind  ;  the  former,  the  coronoid  fossa,  is 
small  and  receives  the  coronoid  process  of  the  ulna  in 
flesion  ;  the  posterior  depression,  triangular  and  much 
the  iarger,  is  the  oUcranon  fossa,  receiving  that  process 
in  estcnsion.  The  bime  separating  these  fossse — the 
plate  just  alluded  to — is  so  thin  as  to  be  translucenL 
It  mav  be  perforaled  by  the  supratrochiear  foramen, 
most  frequently  found  in  savage  tribcs.  The  joint  be- 
twcen  the  humerus  and  ulna  is  commonly  called  a 
hinge-joint,  but  there  are  serious  moditications.  First, 
the  a.xis  of  the  trochlea  is  not  at  right  angles  to  that  of 
the  shaft,  but  slants  do(vn»ard  and  inward  ;  next,  the 
borders  of  the  trochlea  are  not  at  right  angles  to  its 
axis,  but  are  so  placed  as  to  transform  it  into  a  spiral 
or  screw  joint  ;  finally,  these  borders  are  not  parallel  to 
each  other,  but  the  inner  slants  downward  and  inward 
so  that  the  transverse  diameter  of  the  joint  is  greater 
below  than  al  the  top,  either  before  or  behind. 

The  capitellum,'  on  which  the  concave  head  of 

the  radiiis  plavs,  is  situated  on  the  front  of  the  outer 

part  of  the  !ower  end.     It  is  not  far  from  being  a  por- 

tion  of  a  spherc,  since  it  is  convex  and  nearly  equally 

so  in  ali  directions,  but  the  are  from  al>ove  downward 

is  the  longest.     A  groovc  runs  belwten  it  and  the  outer 

ridge  of  tlie  trochlea  ;  the  outer  lx)rder  is  straight  ;  the 

(Hjsterior  runs  from  it  ohliquely  Ktckivard  and  inu-ard. 

The  capitellum  is  placed  so  much  to  the  front  as  to  be 

nearly  or  quitc  invisible  from  behind  ;  hence  the  arttcu- 

surface  is  much  more  extenHive  on  the- front  than 

small  depression  above  the  capitellum,  receives  the 

II  extrenic  llfxion. 

is  a  small    lMiny  spur  occurring    in    profiably  two 
r  cent.,  which  uriscs  fnim  the  front  nf  the  iKine  a  little  anterior  tO  the 


the  back.  The  radial  fassa. 
edgc  of  tht-  head  of  the  radiu 
mprai\mdylar  firc 
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interna]  supracondylal'  ridge.  It  is  usually  connected  by  a  fibrous  band  to  the  tip 
of  the  inner  condyle,  thus  representing  the  supracondylar  foramen  found  very 
generally  among  mammals.  The  median  nerve  and  generally  either  the  brachial  or 
the  ulnar  arterv  pass  through  it.  The  process,  without  any  completing  ligament, 
bas  been  seen  hooking  over  the  nerve  alone.     We  have  once  seen  a  bony  foramen. 

The  so<alled  torsion  of  the  humenis  is  a  verv  complicated  problem  arising  from  the 
thcory  of  the  changes  necessary  to  account  for  the  adult  condition  of  the  humenis  and  femur, 
assuming  them  to  have  been  onginally  symmetrical.  The  practical  point  is  that  the  horizontal 
axis  subdividing  the  articular  surface  of  the  head  of  the  humenis,  ima^ined  on  the  same  plane 
as  the  transverse  axis  of  the  elbovv,  forms  an  angle  with  the  latter.  This  angle  varies  consider- 
ablv  ;  according  to  Gegenbaur,  it  is  12°  for  the  adult  European.  In  the  lower  races  it  is  greater, 
and  stili  greater  in  the  lower  animals.  (This  is  what  Continental  anatomists  call  the  supple- 
menial  angle y  as  they  assume  that  the  twisting  has  approached  180°,  and  that  thus  the  true 
angle  is  iS**.  We  give  this  as  the  simplest. )  The  angle  is  greater  in  the  foetus.  Gegenbaur 
gi\'es  it  as  59®  at  from  three  to  four  months,  and  as  34®  at  from  three  to  nine  months,  after  birth. 
This  change  probably  occurs  in  the  epiphyses.  It  is  certain  that  the  shaft  of  the  developing 
humenis  ooes  not  actually  tvvist,  for  the  borders  are  straight,  as  are  ali  the  long  nerves  with  the 
single  exception  of  the  musculo-spiral.    No  spiral  fibres  have  been  found  in  the  bone. 

Structure. — The  walls  of  the  shaft  are  of  compact  bone  enclosing  a  cavity.  At 
the  upper  end  the  head  is  made  of  round-meshed  tissue  of  considerable  density  ;  the 
greater  tuberosity  is  of  lighter  structure  ;  both  are  enclosed  by  thin  bone.  The  line 
of  union  of  the  upper  epiphysis  is  seen  on  section  after  it  has  disappeared  from  the 
surface.  Transverse  sections  at  the  lower  end  show  a  systeni  of  strong  plates  passing 
obliquely  from  the  front  to  the  back  above  the  inner  condyle. 

Dinerences  due  to  Sex. — The  chief  guides  are  the  greater  delicacy  of  the 
female  bone,  and  especially  the  smaller  size  of  the  head.  It  is  generally  thought 
that  the  female  humerus  presents  a  sharper  angle  between  the  axis  of  the  shaft  and 
the  transverse  axis  of  the  trochlea  than  does  the  male,  but  Berteaux*s  *  measurements 
make  the  diflference  too  slight  to  be  significant, — 79°  for  man  and  78°  for  woman. 

Development. — The  primary  centre  for  the  shaft  appears  tovvards  the  end  of 

the  second  foetal  month,  and  before  birth  bone  has  reached  to  the  extremities,  which 

are  formed  by  the  union  of  se\'eral  centres.     There  are  two  or  three  for  the  upper, 

a  chief  one  for  the  head  coming   soon  after  birth  and  sometimes  earlier.       It  is 


Ossification  of  humerus.    >f,  just  before  birth;  B,  in  the  first  ycar;  C  al  three  years;  C.  sections  of  ends  of 
credinic:  />.  at  five  years;  A",  at  about  thirtecn  years;  E' ,  sections  of  ends  of  preceding;  /",  at  about  sixteen  ;  F\ 
_.iions  of  ends  of  preceilinj?.    o.  centre  for  shaft ;  A,  for  head  ;  r.  for  capitellum  and  part  of  trochlea  ;  rf.  for  j^reater 
^aberosity ;  r,  for  head  and  tuberosities  in  transverse  section  ;  /.  for  internal  condyle  ;  g,  for  inner  part  of  trochlea. 

resent  at  birth  in  22.5  per  cent.  of  foetuses  weighing  seven  pounds  and  over  (Spen- 
"er').  It  is  almost  always  present  by  the  end  of  the  third  month  after  birth.  In 
lie  third  year  ossification  In^gins  in  the  greater  tuherositv,  and  another  point  may 

ppear  somewhat  later  in  the  lesser  one.      A  t  ^\q^  ali  the  centres  for  this  end  have 

*  I  A'  Humenis  et  le  Femur.  Pariš,  1*891. 

*  Journal  of  Anatomy  and  Physiolog>',  vol.  xxv.,  1891. 
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become  one,  making  a  cap  lor  the  top  of  the  shaft,  which  lAtter  extend!>  into  the 
tiead.  The  lai^est  centre  lor  the  lowtr  end  is  that  for  the  capildlum,  which  is  seen 
by  the  cn<l  of  the  lirst  half-year.  It  forms  alsu  a  part  of  the  outcr  side  of  the 
trochiea.  A  centre  ior  the  tip  of  the  inner  condyle  is  evident  by  the  tifth  year.  One 
or  more  minule  points  of  ussification  for  the  trochiea  apjiear  in  the  tenth  year,  and 
one  for  the  tip  nf  ihe  extemal  condyle  in  the  lourteenth.  Althoiiph  ali  these 
epiphyscs  are  oriKinallv  in  the  same  strip  of  cartilaRe.  thcv  do  not  nnite  into  one 
piece  of  bone.  The  capitclKim  is  joined  by  the  ossitication  fnr  the  trochk-a,  and  joins 
the  shaft  at  from  fourteen  to  fifteen.  Wc  are  not  sitre  whether  the  insignificant  centre 
for  the  outer  condyle,  which  fuses  al  about  the  same  tirne,  joins  the  cpiphysis  or  the 
shaft.  Rambaud  and  Renault  seem  to  believe  the  latter.  The  centre  for  the  intemal 
condvle  rcmains  scparate  after  the  rest  are  Eused  and  joins  the  shaft  ai  aboiit  eightcen. 
The  upper  end  joins  at  atK>ut  nineteen,  the  line  of  union  betng  losi  at  twenty  or 
twcnty-one.     It  is  usually  lost  earlier  in  the  Icmale. 

Surface  Anatom/. — The  cxtcrna!  and  internal  condyles  are  the  onIy  points 
that  are  trulv  subcutaneous,  The  outcr  is  easily  rccognized  under  normal  conditions, 
but  is  quickiy  obscured  by  swclling.  The  internal  is  so  prominent  that  it  can  always 
bc  rccognized,  unless  the  joint  has  been  utterly  brokcn  to  pieces.  The  fact  that  the 
inner  condyle  joins  the  shaft  after  the  rest  of  the  lower  end  exposes  it  to  the  dangcr  of 
being  broken  oft  before  the  union  has  occurred,  or  while  it  is  stili  wcak.  The  upper 
end  of  the  humerus  is  everywhcre  covered  by  miiscle,  but  much  of  its  outline  can  be 
explored.  The  amount  of  its  forward  projection  \'aries  much  ;  but  it  always  projects 
outward  beyond  the  acromion.  The  lesser  tubcrosity  and  the  bicipilal  groove  can 
be  rccognized  on  rotatin^;  the  bone,  but  indistinctly.  The  groove  is  filled  by  the 
tendon  and  stili  further  obscured  by  the  eapsule  and  muscles.  The  sur^cal  neclc  is 
best  felt  in  the  axilla,  whence,  the  arm  being  extended,  the  head  can  be  examiaed, 
though  imperfectly. 

PRACTICAL   CONSIDERATIONS. 

The  humerus  occasionally  fails  to  de\'elop,  either  alone  or  together  with  the 
other  bones  of  the  extremity.     The  bone  of  one  arm  may  be  shorter  and  thicker 
than  the   normal   bone.       Lengthening   beyond   normal 
limits  is  much  rarer. 

The  shallowness  of  the  glenoid  cavity  obviatea  the 
necessity  for  projecting  the  hcad  of  the  bone  from  the 
shaft,  as  in  the  femur ;  the  "  neck"  is,  therefore,  mercly 
a  very  narrow  and  superficially  shallow  constriction  of  an 
inward  prolongation  of  the  shaft  betwecn  the  tuberosities 
below  and  the  joint  surface  above.  Both  its  shortness 
and  its  3hallowncss  render  it  far  less  liable  to  fracture  than 
the  femoral  neck.  When,  in  old  age,  absorption  and 
fatty  degencration  of  the  cancellous  tissue  have  occurred, 
fracture  docs  take  plače,  as  a  rcsult  usually  of  falls  upon 
the  shoulder.  It  ia  often  accompanied  by  impaction,  the 
head  being  dri\-en  into  the  broad  siiriace  of  cancellated 
tissue  on  the  upper  end  of  the  lower  fragment  (Fig.  285). 
This  results  in  a  lessening  of  the  bulk  of  the  upper  end, 
or  subacromial  portion,  of  the  humenis,  and  thus  in  a 
little  flaltening  of  the  deltoid  and  a  litlle  increased  promi* 
nence  o(  the  acrnniion.  H  impaction  docs  not  occur, 
and  the  eapsule  of  the  joint  is  completely  tom  through  its 
entire  circumference.  nccrosls  of  Ihe  upper  fragment 
must  fnllow.  lTsual1y,  through  untom  periosteum  and 
through  i>ortions  of  eapsule  rcflected  from  the  inner  side 
of  the  shaft  below  the  nnatomical  neck  to  the  edge  of 
the  articular  cartilage  on  the  hcad,  the  blood-supplv  u 
maintained  so  that  necrosis  is  prevented  and  union  results, 
iuppiv  to  the  head  of  the  humenis  corresponding  to  that 


Fig.  185. 


Tliere  is  no  dirert  blood-s 


•cd  by  the  femoral  head  through  the  lig; 


I  tcres.      The  displacement 
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b  apt  to  be  sUgfht,  the  muscles  inserted  Jnto  the  bicipital  ^roove  and  acting  on 
the  lower  Iragment  being  antagonized  by  those  inserled  into  the  greater  tuberosity. 
Tbat  tuberosity  may  be  torn  ofi  as  a  rare  accident.  The  displacement — theoreti- 
caUy — wiU  depend  upon  the  action  of  the  muscles  inserted  into  that  portion  of  the 
bone  (page  590). 

The  large  upper  epiphysis  of  the  hunierus(made  up  of  centres  for  the  head  and 
the  tuberosities  which  begin  to  coalesce  about  the  sixth  year)  is  fully  formed  by  the 
age  oi  puberty.  It  includes  then  the  two  tuberosities,  the  upper  fourth  of  the  bicipi- 
tJJ  groove,  ali  of  the  head,  the  anatomical  ncck,  and  a  little  ot  the  shaft  just  below  it. 
A  line  nearly  horizontal  and  crossing  the  bone  bencath  ihe  grcat  tuberosity,  and 
therefore  considerably  below  the  anatomical  ncck,  rcpresents  the  epiphyseal  line  at 
the  twentieth  year,  when  the  epiphysis  and  shaft  become  unitcd.  It  is  »ithin  a  half 
inch  of  the  so-called  surgical  neck  (Fig.  286). 

The  lower  surface  of  the  epiphysis  is  concave  and  the  upper  surface  of  the 
diaphjrsis  convex  or  conical  (Fig.  287). 

Fig,  387. 


The  traumatic  separation  of  this  epiphysis  is  a  not  infrequent  accident  of  child- 
•"*ood  and  adolescence.  It  is  commonly  caused  by  forcible  Iraction  of  the  arm 
^-»pward  and  outward.  !n  such  cases  three  anatomical  factors  probabIy  enter  into 
^  lie  production  of  the  lesion.  (  i )  The  partial  fixation  of  the  epiphysis  by  the  sub- 
^^capularis,  supra-  and  infrasplnatus.  and  the  upper  fibres  of  the  teres  minor.  Even 
^^^Mi  the  dead  subjecl,  rotation  ontward  \vith  abduction  will  most  readily  produce  the 
^nlisjunction.  (2)  The  ease  with  »hich  the  periosteum,  strongly  atiachcd  to  the 
^&piphysi3  but  very  lonselv  to  the  diaphvsis,  may  be  separated  from  the  latler.  This 
*^  illustrated  by  the  fact  that  in  cases  of  detachment  the  teres  minor,  though  inserted 
•:3elow  the  epiphyseal  line,  is  apt  to  retain  its  connection  with  the  periosteum  co\-ering 
^:he  epiphysis.  (3)  The  powerfiil  muscles  resisting  abduction  and  inserted  into  the 
^^iaphysis  just  below  the  epiphyscal  line. 

There  niay  be  only  separation  with  litde  or  no  displacemcnt :  bu[  if  displace- 
Knent  occurs,  the  muscles  just  alluded  to  (the  latissimus,  pcctoral,  and  teres)  tend  to 
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draw  the  diaphyseal  fragment  strongly  towards  the  chest-wall,  so  that  its  upper  end 
may  be  found  beneath  the  coracoid  process.  The  shape  of  the  opposing  surfaces  of 
the  epiphysis  and  diaphysis  lessens  both  the  frequency  and  the  amount  of  the  dis- 
placement.  The  two  surfaces  usually  remain  in  contact  at  some  point :  ( i )  on 
account  of  that  shape ;  (2)  because  the  humerus  on  the  epiphyscal  line  is  broader 
than  at  any  other  part  of  its  upper  end. 

The  deformity  will  be  recurred  to  in  connection  with  that  of  the  conditions 
which  it  most  closely  resembles, — fracture  of  the  surgical  neck  and  dislocation  of 
the  humerus, — which  (on  account  of  the  importance  of  muscular  action  in  their 
production  and  in  their  treatment)  wiU  be  considered  after  the  muscles  have  been 
described. 

It  might  be  expected  that,  as  the  chief  growth  of  the  humerus  takes  plače  from 
its  upper  epiphysis,  arrest  of  growth  and  development  should  be  a  usual  sequel. 
The  upper  epiphysis  from  the  tenth  year  to  adult  life  will,  according  to  Vogt,  add 
from  seven  to  ten  centimetres  to  the  length  of  the  humerus,  the  lower  epiphysis 
during  the  same  time  adding  but  one-fifth  as  much.  The  activity  of  the  upper 
epiphysis  is  shown  by  the  frequency  of  conical  stump  after  amputation  through  the 
upper  end  of  the  humerus.*  Despite  these  facts,  in  comparatively  few  cases  of 
disjunction  is  atrophy  or  arrest  of  growth  reported  as  a  result.  It  has  been  sup- 
posed,  too,  that  necrosis  of  the  epiphysis  should  follow  this  injury  on  account  of 
deficient  blood-supply  to  the  head  ;  but,  through  the  tuberosities,  through  the 
connection  of  the  reflected  capsule  to  the  articular  cartilage,  and  through  portiona 
of  untorn  periosteum,  the  blood-supply  is  amplc.  Firm  bony  union  is  tnerefore 
the  usual  result  in  well-treated  aiscs.  This  is  favored  by  the  fact,  already  alluded 
to,  that  the  opposing  surfaces  are  nearly  alvvays  in  contact  at  some  point. 

The  portion  of  the  shaft  j  ust  beneath  the  head  and  tuberosities  is  known  as  the 
**  surgical  neck"  because  it  is  so  often  the  seat  of  fracture. 

It  contains,  as  will  be  seen  on  examining  a  longitudinal  section  of  the  humerus 
(Fig.  283),  a  considerable  quantity  of  cancellous  tissue,  the  absorption  of  which  in 
old  persons  leaves  the  bone  weak  at  that  point.  The  factors  already  described  as 
favoring  epiphvseal  separation  are  opcrative  in  this  čase  (page  271). 

The  upper  curve  of  the  bone,  beginning  on  this  level,  ends  inferiorly  at  about 
the  lower  margin  of  the  deltoid  tubercle.  Its  convexity  is  fonvard  and  outward. 
The  lower  curve  is  concave  foru'ard.  Both  curves  may  be  markedly  increased 
in  rickets.  The  middle  of  the  bone  is  not  only  the  point  of  union  of  these  curves, 
but  is  also  the  smallest  and  hardest  and  least  elastic  portion  of  the  shaft ;  hence 
it  is  most  frequently  broken,  though  fractures  of  the  shaft  at  various  levels  below 
and  above  this  point  are  not  uncommon.  The  deltoid  tubercle,  when  unusually 
developed,  should  not  be  taken  for  an  exostosis.  The  region  is,  however,  a  fre- 
quent  seat  of  bony  outgrowths  on  account  of  the  insertion  and  origin,  respectivcly» 
of  the  coraco-brachialis  and  deltoid,  and  the  brachialis  anticus  and  intemal  head  of 
the  triceps. 

The  close  attachment  of  the  periosteum  to  the  shaft  which  is  thus  necessi* 
tated  favors  the  development  of  osteo-periostitis,  and  thus  of  osteophytes  as  a 
consequence  of  repeated  muscular  strains.  Other  favorite  seats  of  exostoses  are  ncar 
the  insertion  of  the  pectoralis  major,  the  latissimus  dorsi,  and  the  third  head  of 
the  triceps. 

Tumors  of  a  more  serious  variety,  especially  the  sarcomata,  attack  the  hu- 
merus. The  central  sarcomata  are  found  in  the  upper  extremity  chiefly  at  the 
upper  end  of  the  humerus  and  at  the  lower  ends  of  the  radius  and  ulna.  It  mav 
be  interesting  to  note  that  those  are  the  extremitics  towards  \vhich  the  respectivc 
nutrient  arterics  are  not  directed,  and  therefore,  in  accordance  with  the  general 
rule,  the  extremities  at  which  lx)ny  union  of  the  ei)iphyses  and  diaph\'ses  takes 
plače  latest. 

The  close  attachment  of  the  periosteum  at  the  middle  of  the  shaft  has  been  said 
to  account  for  the  fact  that  non-union  after  fracture  occurs  in  this  region  more  frc- 
qiiently  than  in  the  shaft  of  anv  other  long  bone  of  the  skcleton.  This  has  also  been 
attributed  to  interference  with  the  nutrient  arterv  (vvhich  enters  the  bone  near  its 

*  Owen,  Lejars,  and  others,  quolecl  by  Poland. 
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Fig.  288. 
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middle)  and  to  imperfect  immobilization  of  the  humerus,  the  elbow  being  lixed  by 
splints,  any  motion  of  the  hand  or  forearm  under  those  circumstances  being  trans- 
formed  into  motion  of  the  upper  end  of  the  lower  fragment.  These  may  be  factors, 
but  the  chief  reason  for  non-union  is  the  entanglement  of  muscular  and  tendinous 
fibres  of  the  brachialis  anticus  and  of  the  triceps  between  the  bony  frag^ents  (page 
590). 

Descending  the  shaft  it  is  not  difficult  to  see  why  a  fracture  just  above  the  con- 
dyles  (* * at  the  base  of  the  condyles, "  ' *  supracondylar' ' )  should  of ten  be  met  with. 
The  olecranon  fossa,  the  coronoid  fossa,  the  shallovver  fossa  for  the  radius  just  above 
the  external  condyle,  aH  contribute  to  weaken  the  bone  at  this  point.  Moreover,  in 
falls  upon  the  elbow  (the  common  cause  of  this  fracture)  the  tip  of  the  olecranon  is 
frequendy  driven  directly  into  its  fossa  and  against  the  very  thin  lamina  at  its  base, 
starting  a  fracture  which  extends  laterally  through  the  supracondylar  and  supra- 
trochlear  ridges  to  the  border  of  the  bone.  If  this  trans verse 
line  of  fracture  is  associated  with  one  running  perpendicularly 
into  the  joint,  it constitutes  the  so-called  *'  T-fracture"  (*'  inter- 
condylar**)  ;  it  is  produced  in  the  same  manner,  but  usually 
by  a  greater  degree  of  force. 

In  the  so-called  *  *  extension' *  and  '*flexion"  fractures  in 
this  region  the  same  mechanism  is  probably  present,  though  it 
b  easy  to  imagine  the  same  result  (if  the  capsule  and  ligaments 
of  the  elbow- joint  remain  intact)  without  the  agency  of  the 
olecranon. 

It  should  be  noted  that  the  external  supracondylar  ridge, 

the  strongest  and  most  prominent,  springs  from  the  external 

condyle,  ascends  in  the  line  of  the  shaft,  and  terminatcs  in  the 

head,  so  that  it  is  well  adapted  to  receive  and  distribute  force 

applied  through  the  radius,  as  in  falls  on  the  hand,  or  in  pushing 

or  striking  strongly.     The  external  is  smaller  than  the  internal 

condyle  because  the  extensors  and  supinators  arising  from  it  are 

less  powerful  muscles  than  the  flexors  and  pronators  connected 

with  the  former.     This  makes  it  less  prominent;  but  in  spite  of 

these  protective  conditions  it  is  at  least  as  frequently  broken,  es- 

pecially  from  indirect  violence,  because  of  its  direct  connection 

H'ith  the  hand  through  the  radius  and  capitellum.     On  account 

of  the  dense  triceps  fascia  covering  it,  and  its  connection  \vith  the 

W^aments  of  the  elbow-joint,   the  displacement  is  slight.     The 

ffrie  of  fracture  usually  passes  through  the  radial  fossa  and  enters 

ttk^  joint  through  the  depression  between  the  capitellum   and 

^^  trochlear  ridge. 

The  internal  condyle  is  more  often  broken  by  direct  violence, 
^«"  by  the  wedge-like  action  of  the  olecranon  starting  a  fracture 
^^mich  nins  through  the  thin  bone  of  the  olecranon  and  coronoid 
f^^^Sfcsae,  and  through  the  trochlear  depression.  The  displacement 
^  ^jsually  upward,  is  the  result  of  the  force  causing  the  break, 
^*^cd  is  but  little  influenced  by  anatomical  factors.  The  brachialis 
*^  ^cus  may  elevate  the  fragment,  but  the  ulna  remains  attached  and  prevents  much 
"*^placement. 

Either  epicondyle  may  be   broken.      The  line  of   the   lower  epiphysis  runs 

^'^^liquely  across  the  bone  from  just  above  the  extemal  epicondyle  to  a  point  just 

^^^low   the   internal   epicondyle.       In    infancy    both   epicondyles    (as   uell   as   the 

?"^^^^chlea  and  capitellum)  enter  into  the  epiphysis  ;   but  at  the  thirteenth  year  the 

^'^^^mal    epicondyle  is  quite   distinct,    and  the  trochlea,    capitellum,   and   external 

^l-*icondyle  are  welded  into  the  lower  epiphysis  proper,   which  by  the  fourteenth 

^^^     the  fifteenth  year  (Dwight),  sixteenth  vear  (Treves  and    Stimson),  seventeenth 

y^^r  (Poland),  is  firmly  united  to  the  diaph^^is.      After  the  thirteenth  vear,  there- 

^^^**e,  separation  of  the  epiphvsis  will  probablv  leave  the  internal  epicondyle  attached 

^^    the  ciiaphysis.      **The  point  of  junction  of  the  trochlear  and  capitellar  portions 

^*    the  lower  epiphysis  at  the  middle  of  the  trochlear  groove  at  the  sixteenth  year 

18 


Lines  of  fractures  of 
the  humerus.  a,  through 
anatomical  neck ;  d, 
through  tuberosities ;  c, 
through  surgical  neck ;  </, 
through  shaft;  f,  T-frac- 
ture involving  condyles. 
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is  the  narrowest  portion  of  the  bone.  and  niuch  more  likely  to  be  broken  across^ 
detaching  one  or  other  portion  of  bone  rather  than  the  whole  epiphysis  separating* 
at  this  age"  (Poland). 

As  the  synovial  membrane  is  attached  on  the  inncr  side  about  five  millimetres 
(three-sixteenths  of  an  inch)  below  the  internal  epicondyle,  fracture  of  the  latter 
does  not  necessarily  extend  into  the  joint-cavity.  On  the  outcr  side  it  is  attached 
up  to  the  level  of  the  external  epicondyle,  so  that  the  joint  is  likcly  to  be  involved 
in  traumatic  separation  of  that  process. 

As  the  capsule  of  the  joint  is  attached  at  a  higher  level  than  the  epiphysis  in 
front,  behind,  and  laterally,  the  displacement  in  epiphyseal  separations  is  within  the 
capsule,  and  therefore  likely  to  be  limited.  The  close  relationship  of  the  synovial 
membrane  gives  rise,  however,  to  extensive  effusion,  which  affects  both  diagnosis 
and  treatment. 

The  union  to  the  diaphysis  at  about  the  fifteenth  year  leaves  the  further  growth 
of  the  bone  dependent  upon  the  upper  epiphysis  (page  272)  ;  hence  injuries  involving 
the  epiphysis,  or  excision  of  the  elbow  in  which  the  epiphyseal  limits  are  oversteppcd, 
will  not  be  followed  by  arrest  of  growth  if  the  patient  is  more  than  fifteen  years  of 
age. 

Epiphysitis,  on  account  of  the  synovial  and  capsular  relations  above  described, 
is  apt  to  involve  the  elbow -joint,  and  to  result  in  considerable  stiffness. 

The  anatomical  deformity  and  diagnosis  of  epiphyseal  separation  will  be  con- 
sidered  in  connection  with  the  subjects  of  supracondylar  fracture  and  luxation  of  the 
elbow  (page  590;. 

About  two  inches  above  the  inner  condyle  there  is  often  found  (one  per  cent 
of  recent  skeletons,  Turner)  a  hook-like  process  projecting  downward  and  converted 
into  a  foramen  by  a  ligamentous  band.  When  it  is  present  the  median  nerve 
usually  passes  through  it,  which  demonstrates  that  "  it  is  the  homologue  and  rudi- 
ment  of  the  supracondyloid  foramen  of  the  lower  animals"  (Darwin).  The  process 
can  sometimes  be  recognized  by  the  sense  of  touch.  The  intercondylar  foramen, 
which  is  occasionally  present  in  man,  occurs,  but  not  constantly,  in  various  anthro- 
poid  apes,  and,  though  it  \veakens  the  bone  somewhat,  is  chiefly  interesting  because 
It  is  found  in  much  greater  frequency  in  skeletons  of  ancient  times,  and  thus  illus- 
trates  Darwin*s  assertion  that  **  ancient  races  more  frequendy  present  structures 
which  resemble  those  of  the  lower  animals  than  do  modern." 


THE   SHOULDER-JOINT. 

The  ligaments  of  this  articulation  are  : 

Capsular ;  Glcnoid 

Accessory  ligaments  : 

Coraco-Humeral  ;     Gleno-Humeral. 

This  is  a  very  simplc  instance  of  the  ball-and-socket  joint,  the  onlv  irregularity 
being  the  position  of  the  humeral  head  somewhat  on  one  side  instead  of  at  the  top 
of  the  bone,  so  that  the  axis  of  rotation  does  not  correspond  with  the  axis  of  the 
shaft. 

The  shallovv  s<K:ket  of  the  glcnoid  cavitv,  lined  with  articular  cartilage,  is 
deefKMied  l)y  the  glcnoid  ligament*  ( Kij^s.  290,  292),  a  fibro-cartilaginous  band 
attached  by  its  bitse  to  the  lx5rder  of  the  cavitv  and  ending  in  a  sharp  edge.  It  is 
thus  triangular  on  section  (Fig.  291  ),  the  hreadth  of  the  base  being  f\\'Q  millimetres 
and  the  height  at  its  greatest  alK>ut  one  centimetre.  This  ligament  is  composed 
chiefly  of  fibres  running  around  the  socket.  It  is  directlv  continuous  with  the  fibres 
of  the  long  head  of  tlie  biceps  from  the  insertion  i>f  the  latter  into  the  top  of  tbe 
socket. 

The  capsular  ligament'  (Fig.  289)  is  so  lax  that  in  the  dissected  joint  the 
head  of  the  humerus  falls  away  froni  the  socket.  In  life  it  is  ke|)t  in  plače  chiefly 
by  the  tonicity  of  the  surrounding  muscles.  The  coiirse  of  the  hhres  is  in  the  main 
lon^^itudinal,  but  thev  are  indistinct.      The  capsule  arises  above  from  the  edge  of  the 

*  Labmoi  glcsoldalt.    'C«»mI«  artiralart«. 
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gflenoid  cavity  and  the  bone  just  around  it,  from  tbe  outer  surface  of  the  glenoid 
ligament  as  far  as  its  edge,  excepting  at  thc  top,  where  it  does  not  encroach  on  the 
ligament,  and  at  the  inner  side,  where  its  origin  is  uncertain.     It  may  arise  there  as 


<l«scribed,  but  very  often  it  arises  at  some  distance  from  the  border  of  the  joint  from 
the  anterior  surface  of  the  scapula.  In  exceptiona]  cases  this  distance  may  be  half 
aii  inch,  perhaps  more.     The  inferior  attachment  of  ihe  capsular  ligament  is  to  the 


EToove  round  thc  hcad,  cli 
Irom  it  below  and  internaI1y 


;  10  thc  lattcr  above  and  e\ccrnally, 
This  applies  to  thc  attachment  a 


276 


HUMAN   ANATOM  Y. 


the  opened  ioint ;  on  the  outside,  the  fibres  can  be  traced  for  a  considerable  distance 
from  the  joint  before  they  are  lost  in  the  periosteum.  Fibres  going  to  ihe  tuberosi- 
ties  blend  with  the  tendons  of  insertiun  of  the  muscles  of  the  scapular  group,  the 
supra-  and  infraspinati,  the  teres  niinor,  and  the  subscapularis,  which  materiaUjr 
strengthen  the  capsule.     The  Utter  is  thinnest  bchind. 

Certain  accessory  ligaments  strengthen  the  capsule.  The  most  important  ia 
the  coraco-humeral  (Fig.  289),  which,  arising  from  the  outer  edge  oC  ihe  horizontal 
portion  of  the  coracoid  where  a  bursa  separates  it  from  the  capsule,  soon  fuses  with 
the  latter  and  runs,  without  very  distinct  borders,  to  both  tuberosities,  crossing  the 
bicipital  groove.  A  few  transverse  fibres  (the  Iransverse  humeral  ligament)  bridge 
in  the  bicipital  groove  below  the  capsule  proper.  Tliree  glenokumeral  bands  (  Fig. 
290)  are  described  on  the  inside  of  the  capsule,  of  which  the  most  important  is  the 


tuperior.  This  band  springs  from  near  the  top  of  the  inner  border  of  the  glentud 
cavity  and  is  inscrted  into  the  lesser  tubcrosity.  In  a  part  of  its  course  it  makes  a 
prominent  fold  of  the  synovial  membrane  along  the  inner  border  of  the  lendon  ol 
the  long  head  of  the  biceps.  This  ligament  has  been  described  .is  a  deep  part  of  the 
coraco-humeral,  The  middle  ligament  is  ill-defined.  The  inferior,  running  from 
the  lower  end  of  the  glenoid  sockct  to  the  inner  side  of  the  neclc  of  the  humerus, 
may  bc  secn  l>oth  (rom  »ithout  and  wiihin  the  cajisule.  Ii  is  made  tense  when  the 
arm  is  abducted,  and  materially  strengthens  the  joint.  The  capsule  usually  presents 
an  opcninjj  on  the  inner  sidc  in  the  upper  part.  hy  which  the  bursa  below  the  tendon 
of  the  subscapularis  communicaies  with  tlie  joint.     The  cascs  ia  which  the  capsule 
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arises  internally  at  qiiite  a  distance  from  the  glenoid  cavity  are  probabIy  due  to  a 
very  free  opening  into  a  large  bursa.  Tlie  tendon  of  the  long  head  of  the  biceps 
lies  within  the  capsule  from  its  origin  at  the  top  of  the  glenoid  till  it  leaves  the  cap- 
5u)e  in  the  bicipital  groove.  The  tendon  does  not  lie  iree  within  the  joint,  but  is 
covered  by  a  reflection  of  the  synovial  membrane  as  it  lies  curved  over  the  head  ol 
the  humerus.  On  the  young  fcetus  it  is  atiached  to  the  inside  ol  the  capsule  by  a 
synovial  foid.  The  synovial  membrane  of  this  joint  is  remarkably  free  from  svnovial 
fringes. 

The  bursac  about  the  joint  are  numerous.  The  largest  is  the  subacromial  ax 
subdeltoid  bursa  (Figs.  291,  292),  situated  betiveen  the  top  of  the  capsule,  the 
coraco-acromiat  hgament,  and  the  acromion,  and  e.\tending  doH'nward  under  the 
deltoid.      The  subcoracoid  bursa  separates  that  process  and  the  beginning  of    the 


coraco-hiimeral  hgament  from  the  capsule.  Other  bursae  are  often  found  betiveen 
the  capsule  and  the  muscies  inserted  into  the  tubcrosittes  ;  that  under  the  subscapu- 
laris  is  constant,  Of  the  others.  the  one  most  frequenlly  found  is  under  the  infra- 
spinatus  ;  it  also  may  open  into  the  joint. 

Movements. — Whcn  the  arm  is  hanging  close  to  the  side  adduciion  is  almost 
vanting,  since,  apart  from  the  interference  of  the  bodv,  the  humerus  is  nrrested 
at  once  by  the  Jon-er  bordcr  of  the  glenoid  cavitv.  Baekward  movemenl  is  not 
free,  for  the  arm  soon  impinges  on  the  ovcrhanging  acrnmion.  Abduction  has  a 
ntnge  of  some  90°  belore  the  tenseness  of  the  lower  part  of  the  capsule  stops  it. 
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(Unless  the  arm  is  raised  soniewhat  forward,  it  is  stoppcd  stili  sooner  by  the 
acromion. )  Fonvard  movement  is  about  eqiial  to  abduction,  and  is  checked 
in  the  same  way.  When  the  arm  is  at  a  ri^ht  angle  with  the  body,  the  range  of 
motion  in  a  horizontal  plane  is  alx)ut  90^.  The  degree  of  rotation  in  the  shoulder 
is  very  variable.  It  is  greatcst  when  the  arm  is  partially  abducted,  when  in  a  dis- 
sected  joint  it  may  approximatc  135^.  When  raised  to  a  right  angle  it  is  about 
90^,  and  in  the  hanging  arm,  if  not  closely  adducted,  nearly  the  same.  Circum- 
duction  is  free. 

Prot>ably  none  of  the  im[x>rtant  joints  is  so  depencient  on  others  as  that  of  the 
shoulder.  The  scapula  takes  part  in  practically  aH  the  movements,  not  waiting  till 
the  range  of  movement  at  the  shoulder  is  exhausted,  but  sharing  in  it  from  the  start. 
The  acromion  and  coraco-acromial  ligament  make  an  extra  socket  under  certain  cir* 
cumstances,  as  when  the  lx)dy  is  supported  by  the  arms,  the  subacromial  burs«i  act- 
ing  as  a  synovial  membrane.  The  long  head  of  the  biceps  is  a  great  assistance  to 
the  stability  of  the  joint,  the  muscle  pulling  the  lx)nes  firmly  together  and  making 
them  rigid  under  circumstances  of  strain.  It  has  the  further  advantage  over  a  liga- 
ment that  its  tension  can  vary  without  change  of  j)()sition. 

PRACTICAL   CONSIDKRATIONS. 

The  extremely  wide  range  of  motion  of  the  humerus  upon  the  scapula  in  the 
human  species  is  associated,  for  mechanical  reasons,  with  manv  anatomical  conditions 
of  intercst  to  the  surgeon.  The  most  important  of  these  conditions  in  relation  to 
displacemont  are  :  ( i )  The  shallovvness  of  the  glenoid  cavitv.  (  2 )  The  relatively 
large  size  of  the  hnmcrai  head,  only  onc-third  of  which  is  in  contact  with  the  glenoid 
surface  \vhen  the  arm  is  by  the  side  of  the  body.  ( 3 )  The  thinness  and  the  great 
laxity  of  the  cai)sule,  which,  if  fully  distended.  would  accommodate  a  bulk  twice  as 
large  .is  the  hcad  of  the  humerus.  This  laxity  (to  permit  of  free  elevation  of  the 
arm)  is  greaier  at  the  inferior  portion  of  the  joint.  The  primary  office  of  the  cap- 
sular  ligament  in  this  joint  is  not  to  maintain  apposition,  but  to  limit  movement. 
(4)  The  maintenance  of  the  contact  between  the  articular  surfaces  by  muscular 
action,  aided  l)y  atmospheric  pressure,  and  not  by  the  ligamentous  or  capsular  at- 
tachments.  (5)  The  length  of  the  humerus,  afifording  a  very  long  leverage  ;  and 
the  ex[)Osed  position  of  tlve  shoulder. 

Ali  these  circumstances  favor  disloc«ition,  and  render  this  joint  more  frequently 
the  subject  of  that  accident  than  any  other  joint  in  the  body.  The  usual  position  in 
which  luxation  occurs  is  that  of  abduction  and  advancement  of  the  arm,  as  in  falls 
on  the  hand. 

It  is  to  be  noted  that  this  attitude  brings  the  most  prominent  part  of  the  lower 
edge  of  the  head  of  the  lx^ne  against  the  thinnest  and  weakest  p.irt  of  the  capsule. 
Moreover,  the  greatest  diameter  of  the  head  of  the  humerus  is  involved,  adding  to 
the  pressure  against  the  capsule  (Fig.  293).  As  such  accidents  happen  suddenly, 
the  muscles  are  usually  taken  of!  their  guard,  and  hence  that  source  of  protection  to 
the  joint  is  lacking. 

As  opposed  to  these  factors,  and  as  tending  to  prevent  dis|)lacement,  should  be 
mentioned  :  (  i )  The  exceptional  relation  of  the  biceps  tendon  to  the  joint.  strength- 
ening  the  capsule  at  its  upper  portion,  preventing  the  humerus  from  being  too 
strongly  pressed  against  the  acromion  by  the  |>owerful  deltoid  and  the  other 
elevators  of  the  arm  ;  steadving  the  head  of  the  lx)ne  through  its  connection  in  the 
bici))ital  groove,  in  whirh  way  **  it  serves  the  purpose  of  a  ligament,  \vith  the  advan- 
tage of  iKMng  availal)le  in  ali  f)ositions  of  the  joint,  and  without  restricting  the  range 
of  movement  in  anv  direction*'  (Humphry).  (2)  The  arrangement  of  the  glenoid 
cup,  the  inner  and  lower  edges  of  which  are  more  prominent  than  the  outer  and 
up|K*r.  resisting  somewhat  the  tendency  of  the  powerful  axillary  muscles.  and  of 
hlovvs  on  the  shoulder.  to  displace  the  humerus  inward.  and  of  falls  with  the  arm  in 
alKluction,  to  displace  it  down\vard.  (3)  The  glenoid  ligament  deepening  the 
articular  cavity,  and  aided  in  this  by  the  insertions  of  the  long  head  of  the  biceps 
alK)vc  and  the  sca[)ular  head  of  the  triceps  belo\v.  (4)  The  resistance  offered  by 
the  strong  coraco-acromial  ligament  to  any  upward  displacement.      If  it  were  not  for 
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these  provisions,  luxations  of  the  shoulder  would  be  even  more  frequcnt  than 
they  are. 

The  head  ol  the  bone  may  leave  the  joint-cavity  at  other  points  than  the  in- 
ferior,  If  the  force  is  so  apphed  as  to  drive  the  head  of  the  bone  against  the  cap- 
lule  at  the  anterior  portion,  a  direct  subcoracoid  luxation  inay  result  ;  if  against  the 
posterior  portion,  a  subspinous.  The  iatter  is  very  rare,  and  the  former  is  aiso  rare 
aa  a  priniary  Iuxation. 

The  further  mechanism  of  luxations,  their  deformities  and  anatomical  diagnosis, 
will  be  considered  after  the  muscles,  which  are  such  important  factors  in  producing 
and  inodifying  them,  have  been  describcd  (page  5»2). 

Disease  of  the  shoulder-joint  niay  be  of  any  variety.  In  spite  of  the  frequent 
strains  to  which  the  joint  is  subjected  and  its  wide  range  of  movcment,  the  diseases 
produced  by  trauniatism  are  not  e.xceptionally  frequent.  Thls  is  probablv  Ijecause 
of  (  I )  its  ample  coverlng  of  muscles  protecting  it  from  the  ef!ects  o(  cold  and  dainp. 
(a)  The  mobihty  of  the  scapular  segment  of  the  shoulder-girdle  lessening  greatly 
the  eflect  of  traumatisms.  (3)  The  laxity  of  its  capsular  and  synovial  elements, 
vhich,  though  it  favors  luxation,  permits  a  moderate  effiision  tooccur  without  harm- 
hil  tension.  (4J  The  influence  of  the  weight  of  the  upper  extremily  in  the  usual 
position  of  the  body  in  resisting  by  gravily  the  destriictive  prcssnre  of  joint  surfaces 
^ainsteach  other,  caused  by  muscular  spasm  after  in)ury  orduring  disease.     (5)  The 


tnCnipiiutiu        Head  ol  trapula 
■iccllon  IhrouEli  rlEhl 

čase  with  which  ihe  joint  mav  lx;  immobilized  uithout  irksonie  confinement  of  the 
patient. 

These  circumstances.  espedally  the  Iatter,  account  also  for  the  facts  that  tuber- 
culous  disease  of  the  joint  and  epiphvsitis  in\'olvinp  the  joint  are  not  so  common  as 
in  other  joints,  and  that  ihe  rcsults  are  exceplionally  good,  operacive  interference 
being  required  with  romparative  raritv. 

Synovial  distention  caiiscs  a  iniiform  rounded  snelling  of  the  shoulder,  but  it 
can  best  be  rccognized  by  the  touch  in  the  bicipital  groove,  whcre  one  svnovial 
diverticuUim  runs,  and  in  the  nxilla.  wherc  part  of  the  capsnle  is  exposed  heyond 
the  margin  of  the  subscupnlar  miiscle.  The  divcrticula  beneath  the  tendons  of  that 
muscle  and  (more  rarclv )  of  the  infraspinatus  are  usuatlv  involvcd,  pain  uhtn  the 
ami  is  rotatcd  bcing  a  rcsiiltant  svmplom. 

The  snbdchoid  bnrsa  dot-s  not  nsuallv  commnniratc  with  the  joint.  It  may 
be  the  subject  of  independent  di^easo.  \Vhcn  it  is  inflnmfii  the  position  of  ease 
»Ml  be  one  which  rela\cs  the  dcUoid  fabduction  nf  the  arin),  and  roiation  or 
pressure  upwaril  will  be  jiainlcss.  In  disease  of  ihc  snKirromial  Inirsa,  aliduc- 
tion  and   upward   pressure  are  painful   l>ecause   the  sac   is   thcn    pinched   belween 
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the  head  of  the  bone  and  thc  under  surface  of  the  acromion  and  coraco-acromial 
ligament. 

When  suppuration  occurs,  pus  niay  find  its  way  out  from  the  joint.  (i)  By 
followinjj^  the  bicipital  tendon  and  opening  on  the  arm  below  the  anterior  border  of 
the  axilia.  (2)  By  following  the  subscapular  tendon,  getting  between  that  musde 
and  the  bodv  of  the  scapula,  and  openinjj^  beneath  and  behind  the  axilla.  (3)  By 
penetratinj^i;  the  caj)sule  beneath  the  dehoid,  when  the  dense  deltoid  and  infraspinous 
fascia  prevent  it  from  going  backward  and  direct  it  to  the  anterior  aspect  of  the 
arm.  Treves  mentions  a  čase  in  which  it  follovved  the  course  of  the  musculo-spiral 
nerve  and  appeared  on  the  outer  side  of  the  elbo\v. 

Landmarks. — The  edge  of  the  acromion  and  the  tip  of  the  coracoid  can 
readily  be  felt,  though  the  coraco-acromial  Hgament  completing  the  important  arch 
above  the  joint  is  beneath  the  deltoid,  and  thercfore  cannot  be  so  distinctly  pal- 
pated,  but  can  usiiallv  lx?  recognized  by  touch.  An  incision  through  the  centre 
of  this  ligament  would  open  the  shoulder-joint  where  the  bicipital  tendon  enters 
its  groove.  The  head  of  the  bone,  \vhen  pressed  upvvard  against  this  arch,  com- 
municates  motion  to  the  outer  fragment  in  cases  of  fractured  clavicle,  and  this  is 
often  the  e.isiest  way  in  that  lesion  of  eliciting  crepitus  and  preternatural  mobility. 
In  cases  of  paresis  or  paralysis  of  the  deltoid,  the  resiiltant  atrophy  may  leave  the 
whole  arch  palpable,  or  even  visible,  in  some  instances  the  bone  dropping  from  one 
to  several  inches. 

The  lo\ver  margin  of  the  glenoid  cup  and  the  head  of  the  humerus  may  be  felt 
in  the  axilla  when  the  arm  is  abducted  (Fig.  293). 

The  greater  tuberosity  may  be  felt  through  the  deltoid,  directly  beneath  the 
acromion,  the  arm  hanging  at  the  side.  It  faces  in  the  direction  of  the  extemal 
condyle.  Together  with  the  lesser  tuberosity  it  produces  the  normal  roundness  of 
the  deltoid. 

The  head  of  the  bone  cannot  be  felt  externally.  It  faces  in  the  general  direction 
of  the  internal  condyle.  Two-thirds  of  it,  when  the  arm  is  by  the  side,  is  in  front 
of  a  vertical  line  drawn  from  the  anterior  border  of  the  acromion  process.  It  is  also 
altogether  external  to  the  coracoid  process. 

The  lesser  tuberosity  faces  for\vard.  Between  it  and  the  greater  tuberosity, 
when  the  arm  is  hanging  looselv  and  is  supine,  the  lower  part  of  the  bicipital  groove 
may  be  felt  in  thin  subjects.  This  also  faces  directly  forward,  and  is  on  a  line  drawn 
through  the  middle  of  the  biceps  and  its  lo\ver  tendon. 

The  upper  part  of  the  humeral  shaft  cannot  be  felt.  The  circumflex  nerve  winds 
around  it  a  little  above  the  middle  of  the  deltoid.  The  deltoid  tubercle  may  be 
recognized  at  the  middle  of  the  arm.  From  there  do\vnward  the  bone  is  more 
superficial  externally.  and  the  outer  supracondylar  ridge  may  be  traced  down  to  the 
condvle.  The  less  prominent  internal  ridge  can  be  felt  only  for  a  short  distance 
above  the  elbow. 

The  middle  of  the  humerus,  indicated  hy  the  insertion  of  the  deltoid  on  the 
outer  side,  is  also  on  a  level  with  that  of  the  coraco-brachialis  on  the  inner  and  with 
the  upper  portion  of  the  brachialis  anticus  on  the  anterior  surface,  with  the  orig^n 
of  the  nutrient  and  inferior  profunda  arteries,  \vith  the  exit  through  the  deep  fascia 
of  the  nerve  of  Wrisberg  and  the  entrance  of  the  basilic  vein,  with  the  passage  of 
the  median  nerve  across  the  brachial  arterv.  and  with  the  departure  of  the  ulnar 
nerve  from  its  proximity  to  the  vessel.  Posteriorlv,  the  middle  of  the  bone  is  covered 
by  the  triceps. 

J  ust  below  the  middle  the  musculo-spiral  nerve  and  the  superior  profunda  wind 
around  in  the  groove  below  the  deltoid  insertion,  and  the  inner  head  of  the  triceps 
arises  from  the  bone. 

At  the  junction  of  the  middle  and  lower  thirds  the  brachial  artery  from  the 
inner  side  and  the  musculo-spiral  ner\'e  from  the  outer  side  tend  to  approach  thc 
front  of  the  l)one. 

The  landmarks  at  the  lower  extremitv  will  be  considcred  in  relation  to  thc 
elbow-joint  and  the  bones  of  the  forearm. 

The  surface  anatomv  and  the  relations  of  the  soft  parts  to  the  humerus  will  be 
recurred  to  after  those  structures  have  been  described. 
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THE   ULNA.  \ 
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THE  FOREARM. 

The  skeleten  of  the  forearm  consists  of  two  bones, — an  inner,  the  u/na,  and  an 
outer,  the  radius.  The  former  is  large  above  and  small  below  ;  the  latter,  the  con- 
verse.  The  ulna  plays  around  the  trochlea  in  flexion  and  extension,  carr>'ing  the 
radius  with  it.  The  radius  plays  on  the  uhia  in  pronation  and  supination,  carrying 
with  it  the  hand.  These  bones  are  connected  by  an  interosseous  membrane,  \vhich 
g^ves  origin  to  muscles,  adds  to  the  security  of  the  framework,  and  yet  implies  a 
great  saving  in  weight. 

THE   ULNA. 

The  ulna  consists  of  a  shaft  and  t\vo  cxtremities.  - 

The  upper  extreinity  is  devoted  to  the  joint  with  the  humenis,  and  latcrally 
to  that  with  the  head  of  the  radius.  The  former  articular  surface  is  the  greater  sig- 
fnoid  cavity  hoUovved  out  of  the  continuous  surfaces  of  the  olccranon  proces  s  behind 
and  above  and  the  coronoid  process  in  front.  The  olecranon,*  a  cu bičal  piece  of 
bone  projecting  upward  in  continuation  with  the  shaft,  presents  this  articular  surface 
in  front  (to  be  described  later),  and  a  superior,  a  posterior,  and  t\vo  lateral  surfaces. 
The  superior  surface  is  pointed  in  front,  \vith  the  point  or  beak  external  to  the 
middle.  A  slight  groove  just  back  of  the  edge  serves  for  the  attachment  of  the 
capsular  ligament.  Behind  this  are  two  parts  of  different  texture,  the  posterior  of 
vk'hich  is  for  the  insertion  of  the  triceps.  The  posterior  surface  is  triangular,  bounded 
above  by  the  irregular  edge  of  the  top,  and  laterally  by  two  lines  which  meet  below 
to  make  the  posterior  border  of  the  shaft.  It  is  subcutaneous,  and  is  covered  by  a 
bursa  (Fig.  294).  The  outer  surface  is  bounded  in  front  by  the  sharp  edge  of  the 
sigfmoid  cavity,  along  which  is  the  groove  for  the  capsulc.  Behind  this  is  a  hollovv 
for  the  anconeus.  The  inner  surface  has  in  front  the  inner  border  of  the  sigmoid, 
Icss  sharp  than  the  outer,  the  capsular  groove,  and  farther  back  a  rough  elevation. 
The  coronoid  process  ^  rises  from  the  anterior  surface  of  the  front  of  the  shaft.  It 
has  an  upper^  articular  surface,  an  anterior,  and  two  lateral  ones.  The  front  surface 
rises  to  a  point  nearer  the  outer  side.  The  capsular  groove  runs  along  the  border  ; 
and  below  this,  bounded  by  two  lines  meeting  belo\v,  is  a  rough  region  for  the 
brachialis  anticus.  Within  the  angle  formed  by  the  meeting  of  these  tvvo  lines  is  a 
rough  rounded  space,  the  tuberosity  of  the  ulna,  from  the  edge  of  \vhich  arises  the 
oblique  ligament.  The  brachialis  anticus  is  inserted  into  the  lower  part  of  this  sur- 
face and  the  tuberosity.  The  inner  surface  is  bounded  above  by  the  sharp  project- 
ing^ border  of  the  sigmoid  cavitv,  at  the  edge  of  \vhich  is  a  rough  prominence  from 
which  certain  fibres  of  the  fiexor  sublimis  digitorum  take  origin.  The  outer  surface 
presents  the  le  s  ser  sigmoid  cavity. 

The  greater  sigmoid  cavity '  occupies  the  anterior  surface  of  the  olecranon  and 
the  superior  one  of  the  coronoid  process.  There  is  a  constriction  in  the  middle  of 
both  borders,  but  deeper  in  the  outer,  where  the  two  processes  meet,  and  the  articu- 
lar surface  on  the  dry  bone  seems  often  to  be  interrupted  in  a  line  bet\veen  them. 
The  sigmoid  cavitv,  concave  from  above  downward,  is  broader  in  the  upper  half  than 
the  lower.  It  is  surrounded,  except  \vhere  it  is  joined  by  the  lesser  sigmoid  cavity, 
by  an  ill-marked  groove  for  the  capsular  ligament.  The  articular  surface  is  subdivided 
by  a  rounded  ridge,  running  from  the  point  of  the  olecranon  to  that  of  the  coronoid, 
into  a  larger  inner  and  a  smaller  outer  portion.  The  course  of  this  ridge  is  generally 
somewhat  inward  as  well  as  do\vn\vard.  This  and  the  cross-line  divide  the  articular 
surface  into  four  spaces.  Of  the  upper,  the  inner  is  concave  and  the  outer  convex 
from  side  to  side.  Of  the  lower,  the  inner  is  concave  in  the  same  direction  and  the 
curve  of  the  outer  is  uncertain  ;  probablv,  as  a  rule,  slightly  concave,  it  may  be 
plane  or  a  little  convex. 

The  lesser  sigmoid  cavity,*  for  the  head  of  the  radius,  is  a  concavity  on  the 
outer  side  of  the  coronoid  process,  separated  from  the  greater  by  a  ridge,  which 
does  not  interrupt  the  cartilage  coating  b<jth.  It  generally  is  an  oblong  quadrilateral 
area  forming  about  one-sixth  of  the  circumference  of  a  cylinder,  with  parallel  borders  ; 

*01ecrma<w.    '  Proccasas  coronoldeas.     ^  Incisara  scmilunarls.    ^  Inclsura  radialis. 
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bnt  sometimes  thc  front  border  is  short  and  the  infcrior  runs  obliquely  backward, 
mak  ing'  it  alniost  triangular. 

The  shaft,'  which  (jrcscnts  thrc^c  boriiers  and  three  surfaces,  steadily  diminishes 
from  above  downward.  In  the  ui)|)cr  part  tlio  txjne  ciirvcs  slightly  backuard  and 
outward  (/>.,  toviards  thu  radius),  then  inward  through  thc  greater  part  of  its 
e.xtcnt,  till  at  the  lou-er  qiiartcr  Jt  again  Ik-iuIs  (iutward  and,  at  thc  sume  time,  for- 
ward.  T\k poslerior  border'  is  forinfd  t>y  thf  iinion  of  thc  twt>  lines  boimdinj;  thc 
sit))ciitancniis  snrface  at  the  b;ick  of  the  olecraiion.  Following 
Fk;.  197.  the    curvt-s   just  descriluHl,    it  nins    to  the  back   of   the  .stvioid 

procesB,  bfinjj  very  dislinct  in  tlie  lirst  two-thirda,  wherc  it  gives 
orinin  to  tlie  aponcnriKiis  of  the  fli:\iir  tarpi  ulnaris.  The  anierior 
border^  sprin^injj  from  the  jnnction  of  the  front  and  inner  sides 
of  the  coronoid.  nnis  down  to  end  just  above  the  front  of  the 
sty1oid  |iri>ccss.  lis  last  <|tuirtcr,  ivbich  is  rough  to  give  oriKin  to 
the  pronator  <]iiatiratus,  has  a  1>ack^^:Lrd  slani.  The  outer  or  in- 
lerossious  bordi-r'  is  verv  sharp  in  the  niiddle  two-fourths  of  the 
shaft,  where  it  pivcs  origin  to  that  membrane.  It  begins  abot'e 
by  the  union  of  two  lines,  \vhieh,  suirting  from  the  front,  and 
l>ack  of  tbe  Icsser  sigmoid  cavity,  l>oiiiid  a  iriangular  depression. 
The  poslerior  of  tliese  lines.  sharp  and  rai«ed,  is  the  sttpinaior 
ridge.  The  depression  wliirh  gives  origin  to  the  supinator  brevia 
receives  thc  bici|>ital  tuber<)sity  of  the  radins  in  pronation.  The 
border  becomcs  indistinct  beJoiv  and  is  lost  as  it  approaches  the 
head  of  the  ulna.  The  anierior  sur/ace  is  usually  concave  through- 
out,  thotigh  the  ui)per  |>art  may  be  convex.  In  the  third  quarter 
a  line  ofteii  appears  ivhich  slants  downward  into  ihe  front  border, 
giving  origin  to  the  upper  fibres  of  the  pronator  quadratus. 
Below  this  line,  when  prcsent,  there  is  a  depression  occupied  by 
that  muscie.  AImivc  this  arises  the  fle.tor  profundus  digilorum. 
The  nutrient  loramcn  nmning  upivard  is  a  little  above  the  mid- 
die.  Tiie  hiner  surfacf,  conca\e  at  the  side  of  the  upper  ex- 
trcmity  and  convex  below,  givcs  furthcr  origin  in  its  upper  two- 
thirds  to  the  last-named  miiscle.  The  poslerior  sur/ace  has 
several  fcatnres  which  are  to  lje  recognized  only  on  a  wcll-marked 
bone,  and  are  verv  \ariable.  The  oblique  line  starts  (rom  the 
supinator  ritige,  or  from  the  hind  edge  of  the  lesser  sigmoid  ca%'- 
lty,  and  runs  down\vard  to  the  postcrior  border  at  the  end  of 
the  first  third.  It  gives  origin  to  a  part  of  the  supinator  brevis, 
anti  helps  to  mark  off  a  threc-sided  depression  running  onto 
the  oletranon  for  the  anconcus.  It  is  sometimes  the  apparent 
coniinuation  of  thc  supinator  ridge,  as  in  Fig.  296.  The  region 
l)elow  this  is  subdivided  by  a  zrrlira/  ridge  of  uncertain  bcginning 
and  end.  .Sometimes  it  sprlngs  from  the  interosseous  border, 
and  it  is  nsualh'  lost  below  in  thc  hind  ono.  The  extensor  carpi 
ulnaris  springs  from  the  surfaee  interna]  tn  it,  which  is  some- 
times a  iteep  gutter.  E.vternal  to  the  vcrtical  ridge  are  areas 
for  the  e.xtc(isor  ossls  metacarjii  pollicis.  extensor  longus  pol- 
iicis,  and  extcnsor  indicis  fn>m  above  tlownward  in  the  order 
nam  cd. 

The  lower  extretnity  nf  the  ulna  consisLs  of  the  head  and 
thc  styloid  process.  Thi-  head '  is  a  roimded  enlargemmt  pro- 
jeeting  for\vard  and  outward,  preseniing  an  articular  surfaee  on 
the  outcr  side,  which  pas.ses  onto  the  front  and  the  back,  making 
at  Icast  two-thiriLs  of  a  circle,  aronnd  »hich  thc  raiiius  swings.  A  ridge  marks 
the  upper  iKirder  of  this  surfaee,  whirh  overhangs  the  lowor.  The  latier  ia  rounded, 
sfi  that  the  lateral  articular  surfaee  rontinues  without  real  interniption  into  the 
infi-rior,  whieh  is  separated  fr()m  the  MTist-joint  by  the  triangular  tibro-cartilage. 
The  under  side  of  tbe  articular  surfaee  is  somewh:it  kidncv-shaped,  the  concavity 
looking  toward5  thc  stytoid  process,  from  whicli  it  is  se|)arated  by  a  groovc  for  the 
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attachment  of  the  fibro-cartilage.  The  styloid  process  is  a  short,  slender  process 
running  €lown  from  what  may  be  called  the  posterior  internal  angle  of  the  lower 
end.  There  is  a  distinct  groove  between  the  styloid  process  and  the  head  on  the 
posterior  aspect,  and  sometimes  a  faint  one  in  front,  transmitting  respectively  the 
tendons  of  the  extensor  and  the  fiexor  carpi  ulnaris. 

Structure. — There  is  much  solid  bone  in  the  shaft,  and  altogether  the  ulna  is 
a  strong-walled  bone.  Many  plates  near  together  from  the  anterior  surface  pass 
upward  under  the  coronoid  process  to  the  middle  of  the  greater  sigmoid  notch. 
TTie  best-marked  system  of  plates  in  the  coronoid  is  in  the  main  parallel  to  these. 
The  greater  sigmoid  notch  is  bounded  by  compact  substance.  Sagittal  sections 
show  plates  radiating  from  it,  some  of  which  form  arches  near  the  top  of  the 
(decranon  with  others  from  the  posterior  surface.  The  head  is  composed  of  spongy 
tissue  within  thin  waUs. 

Development. — The  centre  for  the  shaft  appears  in  the  eighth  week,  from 
irhich  practically  ali  the  bone  except  the  lower  end  is  developed.     At  about  five, 

Fig.  298. 

A  B  C 


OniltcAtioa  of  ulna.    A^  at  birth ;  B^  at  five  years ;  C  at  ten  years ;  D,  at  about  sixteen  years.    «,  centre  for 
ahaft ;  A,  <c,  cartilaginous  epiphyses ;  </,  centre  for  lowcr  cpiphvsis ;  <»,  for  upper  epiphysis. 

One  appears  for  the  head  and  stvloid  process  ;  and  at  about  ten,  one  for  the  top  of 
the  olecranon.    This  fuses  at  about  sixteen  ;  the  lower  end  joins  the  shaft  at  eighteen. 


PRACTICAL   CONSIDERATIONS. 

TTie  ulna  may  be  ahsent,  or  may  be  more  or  less  defective  in  size  or  shape. 
Such  deformities  are  not  conimon.  Fracture  of  the  olecranon  at  its  junction  with 
the  shaft,  where  it  is  narrowed,  is  frequent.  The  degree  of  displacement  is  largely 
determined,  as  in  the  parallel  čase  of  the  patella,  by  the  amount  of  laceration  of  the 
enveloping  fibrous  structure  (Fig.  585).  If  this  is  great,  the  triceps  strongly  elevates 
the  fractured  process.  Occasionally  the  mere  tip  of  the  olecranon,  or  even  a  thin 
portion  of  the  superficies  only,  may  be  separated  either  by  muscular  action  or  by 
direct  violence. 

The  epiphyseal  line  is  above  the  constriction  that  marks  the  union  of  the  olec- 
ranon with  the  shaft.  The  epiphysis  is  small  and  includes  the  upper  part  of  the 
olecranon  with  the  insertion  of  the  triceps,  a  part  onlv  of  the  attachment  of  the  pos- 
terior ligament,  and  a  very  small  portion  of  the  posterior  triangular  subcutaneous 
surface.  The  epiphyseal  line  runs  from  the  upper  part  of  the  sigmoid  cavitv  in 
front  downward  and  backward.  The  epiphysis  enters  but  little  into  the  elbow-joint  ; 
it  is  largely  within  the  limits  of  strong  periosteal  and  tendinous  and  ligamentous 
expansions,  is  of  small  size,  and  before  the  fourteenth  or  fifteenth   year  is  on  a 
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plane  anterior  to  the  epicondylc9.      For  thcse  anatomical  reasons,  neither  muscular 

action  (triceps)  nor  fulls  on  tli«  elbow  are  so  productive  of  separation  oi  this  epiph- 

/sis  in  children  as  of  fracture  of  the  olecranon  iii  adults.     (t  is,  in  iact,  one  of  the 

rarest  of  epiphy3eal  disjunctions.     The  syniptoms  are  very 

similar  to  those  of  iraciurod  olecranon. 

The  coronoid  process  is  rarely  broken  except  in  cases 
of  dislocation  of  the  lorearm  t)a<:kward  froin  falls  iipon  the 
hand.  The  mechaniam  is  obvious.  The  force  la  applied 
through  the  medium  of  the  oblique  fibres  of  the  interosseoua 
membrane.  The  line  of  fracture  is  nearer  the  tip  than  the 
ba»e  of  the  process.  The  insertion  of  the  brachialis  anticus 
tendon  in  the  latter  refjion  prevents  much  displacement  of 
the  fragment,  and  the  attachmcnt  of  the  capsule  of  the 
joint  to  its  edfje  iiisiires  a  sufficient  vascular  suppl/  for  pur- 
poses  of  repair.  Great  pronenesa  to  recurrence  after  re- 
duction  in  a  čase  of  backward  dislocation  of  the  forearm 
should  lead  to  a  suspicion  of  the  e.\istence  of  this  fracture. 

Fracture  of  the  shaft  of  the  ulna  alone  may  occur  at 
any  point,  and  is  usuallv  the  result  of  dtrect  violence,  as 
when  the  arm  is  raised  to  protect  the  head  from  a  blow. 
or  in  a  fall  upon  the  ulnar  side  of  the  forearm.  In  the  lat- 
ter čase,  wlicn  the  uinar  fracture  is  in  llie  upper  third,  it 
is  not  infrcqucntly  associated  with  foruard  dislocation  of 
the  head  of  the  radius  (Fij;.  300J. 

The  subcntaneous  position  of  the  ulna  renders  fracture 

frequently  comimund.     This  accounts  for  the  ureater  fre- 

quency  of   non-union   in   this  bone  as  compared  with   the 

radius.     In  fracture  at  the  lower  thtrd  the  Iower  fragment 

^  is  drawn  towards  the  radius  by  the  pronator  quadratus. 

iioid^'™^iI™"'i"d'^ii"^  Fractures  associated  nith  those  of  the  radial  .shaft  will 

proc^iDf  uiiii.  be  considered  in  rclation  to  the  tf!ect  of  muscular  action 

upon  them  (page  604). 

The  Iower  epiphysis  of  the  ulna  comprises  the  articular  surfaces  on  the  radial 

and  infcrior  aspects  and  the  stvioid  process.      It  is  concave  superiorlv  to  fit  the 

roundc<I  lower  end  of  the  diaphysis.     The  level  of  the  epiphyseat  line  is  about  one> 

This  epiphysis  is  strongly 


si.xteenth  of  an  inch  ubove  tho  levet  of  that  of  the  radius. 


Fig.  300, 


r  'J  ii|i|. 


held  ti>  lile  Imver  epiphvsis  of  llie  radius  liy  th<-  inferiur  ra<lT"-uln;ir  lignments  and 
als.!  hv  ihe  triantjubir  tit.ro-c;irlilai,'e  cvi.  iidin;;  fnini  the  r..i>t  of  ihr  slvloid  process 
t'i  the  concave  niargin  nf  th.'  ra<lius.  ]'cir  that  rt  Mson,  ;ind  brcansir  of  its  indirect 
relaliiin   to  ihe   hanil,  the   uncompHcated  separalion  of  this  cpiphysis  is  of   (jreat 
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rarity.  Even  in  cases  of  sepamtion  of  the  ]ower  epiphysis  of  the  radius,  or  of 
Colles's  fracture,  the  strain  reaches  the  tip  of  the  ulnar  st>'loi(I  through  the  internal 
lateral  hgamcnt  and  produces  fracture  of  that  process,  or  ot  the  ulnar  diaphysis  at 
tts  smallest  point  (about  three-quarters  of  an  inch  above  the  lower  end),  rather  than 
separation  of  the  epiphvsis. 

As  the  growth  of  the  ulna  depends  almost  exclusively  upon  the  lower  epiphy- 
sis,  injuries  slopping  short  of  recognJzable  disjunction  have  been  followed  in  a 
number  of  cases  by  lailure  of  development,  resulting  in  lateral  displacement  (adduc- 
tion)  of  the  hand. 

Landmarks. — The  oiecranon  can  always  casily  be  felt  at  the  back  o1  the 
e)bow.  It  is  soniewhat  nearer  the  internal  than  the  external  condyIe.  With  the 
forearm  at  right  angles  to  the  arm,  the  tip  of  the  oiecranon  and  the  two  condyles 
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are  on  the  same  plane  as  the  back  of  the  upper  arm.  In  estreme  extension  it  is 
about  one-sixteenth  of  an  inch  or  Icss  above  a  straight  transverse  line  joining  the 
two  condyIes  ;  in  full  fle^ion  it  is  antcrior  to  them.  In  front  the  tip  of  the  coronoid 
process  can  be  felt  with  difficiiltv  in  non-muscular  subjccts.  The  shaft  is  subcutaneoiis 
through  its  entire  length.  The  stvioid  process  is  a  half-inch  nearer  the  forearm  than 
the  styloid  process  of  the  radius.  It  is  most  distinct  in  full  supjnation,  and  is  found 
at  the  inner  and  posterior  aspcct  of  the  \vrist.  In  futl  pronation  the  hcad  of  the  ulna 
becomes  promincnt  posteriorIy. 

THE   RADIUS. 

The  radius  includes  a  shaft  and  Uvo  e\tremities. 

The  upper  extremity  consists  of  a  iicad  and  neck.      The  hcad'  is  a  circular 
enlargement  with  a  shallow  depression  on  top  to  articulate  witli  the  capitdlum,  and 
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a  smooth  margin  to  turn  in  the  socket  formed  by  the  lesser  sigmoid  cavity  and  the 
orbicular  ligament.  which  completes  it.  The  term  "  circular"  is  not  used  with 
mathematical  precision,  for  slight  variations  from  it  are  the  rule.  The  most  common 
one  is  an  increase  of  the  antero-posterior  diameter.  The  dcpression  on  top  is  not 
symmetrical,  for  there  is  almost  invariably  a  greater  thickness  of  the  rim  in  front, 
extending  more  to  the  inner  than  to  the  outer  side.  The  smooth  margin  has  a 
downward  projection  internally.  The  plane  of  the  upper  surface  is  not  always  at 
right  angles  to  the  axis  of  the  neck,  but  often  looks  a  littie  outward.  The  neck  is 
a  smooth  constricted  portion  some  tvvo  centimetres  in  length  and  approximately 
cylindrical. 

The  shaft  *  immediately  bends  outward  below  the  neck,  and  has  a  slight  forward 
curve  at  the  lower  end,  where  it  broadens  considerabIy.  The  bicipital  tnberosity  *  is 
a  large  prominence  at  the  inner  and  front  aspect  of  the  shaft,  just  below  the  neck. 
Its  posterior  border,  which  is  rough  and  projecting,  slants  forward  and  receives  the 
biceps  tendon.  In  front  of  this  the  tuberosity  is  smooth  for  a  bursa,  lying  beneath 
the  tendon,  which,  in  pronation,  is  roUed  around  it.  The  shaft  is  described  as  having 
three  surfaces  separated  by  three  borders  ;  there  is  convenience  in  retaining  the 
plan,  although  only  one  border  is  always  distinct  and  one  is  almost  imaginary. 
The  distinct  border  is  the  internal  or  interosseoiis^  \vhich,  starti ng  from  the  bicipital 
tuberosity.  soon  becomes  sharp  for  the  interosseous  membrane,  and  runs  to  the 
lower  quarter  of  the  bone,  where  it  divides  into  two  descending  lines  to  the  front 
and  back  of  the  articular  facet  on  the  inner  side  of  the  lo\ver  end.  The  antcrior 
border^  which  is  generally  distinct  above,  starts  from  the  front  of  the  tuberosity  and 
nins  downward  and  outward  to  about  the  middle  of  the  bone.  This  part  is  known 
as  the  obligue  line  of  the  radius,  which  gives  origin  lo  a  part  of  the  flexor  sublimis 
digitorum,  and  separates  the  insertion  of  the  suj)inalor  brevis  from  the  origin  of  the 
flexor  longus  pollicis.  The  border  is  thence  poorly  marked  till,  slanting  foruard  to 
the  beginning  of  the  lower  fourth,  it  becomes  a  distinct  ridge  running  to  the  front  of 
the  styloid  process  and  receives  the  insertion  of  the  pronator  qiiadratiis.  It  broadens 
at  the  end  into  a  triangular  tubcrclc  for  the  insertion  of  the  brachio-radialis.  The 
posterior  border  is  important  only  as  helping  to  define  the  posterior  and  outer  sur- 
faces ;  it  is  usually  to  be  seen  in  the  middle  third  of  the  bone,  and  has  neilher  a 
definite  beginning  nor  end.  The  antcrior  surface,  limited  above  by  the  oblique  line, 
is  slightly  concave,  and  gives  origin  to  the  flexor  longus  j)ollicis  as  far  do\vn  as  the 
last  quarter,  which  is  slightly  hollowed  for  the  pronator  quadratus  and  .sometimes 
separated  from  the  upper  part  by  an  obliquo  ridge.  The  nidrient  foramcn  is  seen 
above  the  middle,  running  up\vard.  The  outer  surface,  which  is  convex,  presenls 
about  the  middle  a  roughness  for  the  insertion  of  the  pronator  radii  teres.  The 
posterior  surface  has  a  concavity  in  the  middle  third,  internal  to  the  posterior  border, 
and  is  convex  both  above  and  below. 

The  lower  cxtremity  bends  slightly  for\\'ard,  ending  in  front  in  a  prominent 
ridge  to  which  the  capsule  is  attached.  The  outer  side  is  prolonged  do\vnward  as 
the  styloid process,  ending  in  a  blunt  point.  It  usuallv  shows  grooves  for  the  tendons 
of  the  extensors  of  the  metacarpal  bone  and  first  phalanx  of  the  ihumb,  which  pass 
over  it.  The  external  lateral  ligament  of  the  wrist  arises  from  it.  The  posterior 
surface  has  a  groove  at  its  edge  for  the  capsule,  and  alx)ve  this  is  furro\ved  for  the 
passage  of  certain  tendons.  Next  to  the  stvloid  process  is  a  broad  depression, 
sometimes  faintly  dividcd  into  tvvo,  for  the  extensores  carpi  radialis  longior  et 
brevior  ;  internal  to  this  is  a  marked  ridge,  the  tubercle,  slanting  dovvnvvard  and 
outward,  vvith  a  narrovv,  deep  gutter  bevond  it  for  the  tendon  of  the  long  extensor 
of  the  thumb.  A  very  slight  border  separates  this  internallv  from  a  broad,  shallovv 
groove  for  the  tendons  of  the  extensor  communis  and  that  of  the  index-finger.  At 
the  extreme  limit  of  the  posterior  surface  is  sometimes  a  minute  furrovv  for  a  j)art 
of  the  tendon  of  the  extensor  of  the  littie  finger,  vvhich  passes  over  the  radio-ulnar 
joint.  The  inner  side  of  the  lovver  end  is  occupied  by  a  concave  articular  area,  the 
sigmoid  cavity^  of  the  radius,  vvhich  receives  the  head  of  the  ulna  and  much  resembles 
the  lesser  sigmoid  cavitv  of  that  bone.  The  lovver  surface  is  articular  for  the  scaph- 
oid  and  semilunar  bones  of  the  vvrist.  It  is  in  the  main  triangular,  the  base  being 
the  inner  side.      It  is  overhung  both  before  and  behind,  and  is  continued  onto  the 

^Corvait    '  Tnbcrosltas  radii.     ^Crista  intcroMca.     ^  Morgo  volaria.     '^  Incisara  ulnari«. 
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innt;r  side  of  the  stvluid.  A  faint  ridge  frum  licfore  backvvard,  beginning  at  a  slight 
iiotch,  miirk^  o(T  ;ui  iiintT  s<]uare  siirfact:  for  thv  scniilunar  and  an  nuter  triangular 
one  for  tlie  scaphoid.  Tho  sudnce  looks  sli(;h[ly  fortt'ard,  tims  causing  tlit  fomard 
rising  of  the  hiind  from  thc  forcarm. 

in  man  the  ulna  is  evidently  th«  more  unporUnt  bone  at  the  ellK>w  and  the 
radiiis  at  thc  urist.  In  inamnials  below  {irimutes  they  are  often  more  or  less  fuscd 
and  tho  iip|>er  cnd  of  the  radius  relativelv  lar^or  than  in  man.  It  often  uccupies 
the  front  of  the  ollKtv-joint,  bein^;  anierior  instead  of  extcrnal  to  the  uppcr  end  of 
the  ulna. 

Structure. — The  radius,   like  the  ulna. 


part  of  the  shaft. 


i  thick-wallcd  through  the  greater 
The  tuberosity  is  composed  interna]ly  chicfly  of   longitudinal 


plati-s.  A  fr  It  il  s(  t  t 
ii|>  int<i  1<>ni,itn  Ini  I  [  1  it 
l(i;htt.T  tr;msvtrx      n 


nd  nf  the  radius  shous  thc  walls  splitting 
i  thf  lo«t-r  i-nd.  connect«!  hy  a  sv-stem  ol 
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Development. — The  centre  for  the  shaft  appears  at  the  end  of  the  second 
th,  and  forms  the  whole  bone,  except  the  lower  end  and  the  head.  The  nucleus 
he  former  appears  at  the  end  of  the  second  year  and  that  for  the  head  at  the 


Fig.  307. 

B  C 


Omficmtion  of  radius.    A,  at  binh  ;  B,  at  two  years ;  C,  at  five  vears ;  D,  betu-een  eighteen  and  ntnetcen  years. 

a,  centre  for  shaft ;  A,  for  lower  epiphysis ;  c,  for  upper  epiphysis. 

fnkd  of  the  fifth.  The  latter  unites  at  about  fifteen,  the  lower  at  eighteen  or  nineteen. 
A  scale-like  epiphvsis  for  the  bicipital  tuberosity  is  said  to  appear  towards  eighteen 
and  to  fuse  verv  promptly. 


PRACTICAL   CONSIDERATIONS. 

The  radius  may  be  absent  or  more  or  less  defective,  and  in  either  čase  there  is 
apt  to  be  corresponding  absence  or  deficiency  in  the  hand  (Humphry). 

As  might  be  expected,  injuries  of  the  upper  end  in  the  adult  are  extremely 
rare.  Except  at  one  point  (just  below  the  external  condyle  posteriorly),  the  head 
is  far  from  the  surface  and  deeply  buried  beneath  the  thick  supinators  and  the  long 
and  short  radial  extensors  of  the  carpiis.  Even  at  that  point,  more  prominent  bony 
processes — the  external  condyle  and  the  olecranon — receive  the  brunt  of  the  injury 
in  cases  of  falls  or  blows. 

The  upper  epiphysis  does  not  become  fully  ossified  until  the  fifteenth  year,  and 
is  united  to  the  diaphvsis  at  the  beginning  of  the  sixteenth  year.  It  is,  therefore, 
among  the  last  of  the  epiphvses  of  the  long  bones  to  ossifv  and  the  first  to  join  its 
diaphvsis.  The  violence  which  separates  it  from  the  shaft  is  often  direct.  In  cases 
of  indirect  violence  the  force  is  applied  usually  as  a  combined  puli  and  twist  on  the 
forearm  of  a  very  young  child.  As  the  epiphysis  is  altogether  intra-articular  (the 
synovial  membrane  lining  the  whole  inner  surface  of  the  orbicular  ligament),  swelling 
is  early  and  marked.  As  there  is  direct  communication  with  the  larger  synovial 
cavities  of  the  elbow,  the  \vhole  joint  will  participate  in  the  eflfusion. 

Although  no  ligaments  or  tendons  are  attached  to  the  epiphysis,  the  orbicular 
ligament  hugs  it  closely  and  holds  it  in  plače.  If  anv  displacement  occurs,  the 
upper  part  of  the  diaphysis  may  go  either  for\vard  or  backward.  On  movements  of 
pronation  and  supination,  the  epiphysis  can  be  felt  immovable  just  below  the  external 
condvle. 

An  injury  kno\vn  as  "  elbow-sprain,"  or  "  puUed  elbow,'*  and  described  as  a 
*'subluxation  of  the  orbicular  ligament"  and  as  a  "  subluxation  of  the  head  of  the 
radius,"  should  be  mentioned  hcre  hecause,  although  it  has  been  kno\vn  for  more 
than  two  hundred  years,  has  well-defined  and  constant  symptoms,   occurs  in  one 
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per  cent.  of  aH  surgical  cases  in  children  under  six  years  of  age,  and  is  believed  to 
depcnd  on  a  distinct  anatomical  lesion,  the  exact  nature  of  that  lesion  is  stili  un- 
known.  It  is  usually  caused  by  traction  on  the  forearm.  The  most  plausible  of 
many  thcories  are  :  ( i )  that  it  is  due  to  the  hcad  of  the  radius  slipping  out  from 
bencath  the  orbicular  ligament,  which  is  pinchcd  between  it  and  the  capitellum  (Fi|^. 
311);  and  ( 2 )  that  it  is  a  partial  epiphyseal  separation.  The  differential  diagnosis  is 
said  to  depend  chietly  on  the  facts  that  in  the  "  subluxation"  the  head  of  the  radius 
will  rotatc  with  the  shaft,  and  that  ali  the  syniptonis  disappear  rapidly  after  forced 
supination  has  removed  the  functional  disability.  There  seems  nothing  absolutely 
inconsistent  with  these  syniptoms  in  the  view  that  a  slight  epiphyseal  separation  has 
occurred,  the  upper  end  of  the  diaphysis  being  dis[)laced  forward,  but  carrying  with 
it  the  radial  head.  This  theory  is  strongly  favored  by  the  fact  that  very  few  cases 
have  occurred  in  children  over  five  years  of  age.  Ossification  of  the  radial  head 
begins  towards  the  end  of  the  fifth  year.  It  shouid  be  remembered  that  the  epiphy- 
sis  includes  only  the  upper  part  of  the  head,  the  lower  portion  and  the  neck  being 
ossified  from  the  shaft.  The  upper  end  of  the  diaphysis  is  therefore  approximately 
of  the  same  size  and  shape  as  the  head,  and  may  easily  have  been  mistaken  for  it  in 

many  of   the  cases.     The  problem  pre- 
FiG.  508.  sented  is  so  purely  an  anatomical   one 

that,  in  spite  of  the  prevalent  diiierences 
of  opinion,  it  seems  proper  to  make  this 
brief  presentation  of  it. 

Fractures  of   the  head  are  uncom- 

mon.     Fractures  between  the  head  and 

the  lower  end  wiil  be  considered  in  refer* 

^   1  ence  to  the  cffcct  of  muscular  action  upon 

them  (page  604). 

In  the  neighborhood  of  the  tuberde 

the  thickness  of  the  bone,  the  ridges  that 

run    up    touards    the   head    and   down 

towards  the  outer  edge,  and  the  ample 

1  I  ;;   I  covering  of  muscles  render  fracture  com- 

\]  [    I  paratively  uncommon.    A  little  lower  the 

union  of  the  two  secondary  curves  near 
the  point  of  greatest  curvature  in  the 
primary  curve  of  the  whole  shaft  renders 
the  bone  more  vulnerable.  Stili  lowcr 
^^.  the   eflfects  of   indirect   violence  through 

,(/^.1  falls  upon  the  hand,  the  union  near  the 

lower  end  of  the  compact  tissue  of  the 
shaft  with  the  cancellous  tissue  of  the 
expanded  lower  extremity,  the  compara- 
tively  superficial  position  of  the  bone« 
and  the  projection  of  the  anterior  articular  lip,  into  which  the  anterior  carpo-radial 
ligament  is  inserted,  ali  very  markedly  favor  fracture. 

Accordingly,  we  find  that,  on  account  of  these  anatomical  conditions,  of  one 
hundred  fractures  of  the  radius,  approxiniately,  three  will  be  in  the  upper  third, 
six  in  the  middle  third,  and  ninety-one  in  the  lower  third,  the  large  majority  of 
these  lattcr  being  within  from  2.5  to  5  centimetres  (one  to  two  inches)  of  the  wrist- 
joint. 

Fractures  of  the  lower  end  of  the  radius  are  almost  ahvavs  produced  by  a 
cross-brcaking  strain  caused  by  falls  on  the  hand,  and  excrted  through  the  strong 
anterior  common  lij^ament.  The  broad  altachment  of  this  ligament  to  almost  the  whole 
anterior  lip  of  the  radius  l>rings  the  strain  efjuallv  on  the  bone  ihrough  its  entire  width. 
The  fracture  is,  therefore.  usuallv  irrejrularlv  Iransvcrso.  In  addition  to  the  force 
transmitted  by  means  of  the  lijjament.  there  is  an  aj)proximately  vortical  force,  due 
to  the  weight  of  the  body,  which  llirusts  tlur  sliarp  l<)wer  end  of  the  shaft  into  the 
Icnver  fragment,  made  up  rhieflv  of  s|>on^y  tissue.  wilh  merelv  a  thin  shell  of  com- 
pact tissue  holding  it  together.     This  vertical  force  transmitted  through  the  forearm 


Lines  uf  fraitiire  oi  ii«rk  and  of  lower  end  of  radius 
(Colles'8  fracture).    A,  doraal ;  J3,  lateral  aspect. 
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Fig.  309. 


and  hand  not  only  thus  impales  the  lower  fragment  on  the  upper,  but  necessarily 
carries  the  former  to  a  higher  level.  In  addition,  the  ulno-carpal  fasciculus  of  the 
Gommon  ligament  drags  on  the  lower  end  of  the  ulna,  and  either  causes  fracture  of 
the  styloid  process,  into  the  side  and  base  of  which  it  is  attached,  or  causes  the  lower 
end  of  the  ulna  to  project  unduly  on  the  antero-internal  aspect  of  the  wrist.  The 
stripping  up  of  the  periosteum,  the  laceration  of  the  tendon  sheaths  that  are  so  closely 
applied  to  the  bone, — especially  the  flexor  tendons  by  the  jagged  edge  of  the  upper 
fragment, — and  the  consequent  effusion  are  the  chief 
remaining  anatomical  factors  in  producing  the  character- 
istic  deformity  of  this  most  common  of  ali  fractures.  The 
lower  fragment  is  found  on  the  dorsum  of  the  wrist. 
The  lower  end  of  the  upper  fragment  is  found  anteriorly 
beneath  the  pronator  quadratus  or  under  the  flexor  ten- 
dons (Fig.  586).  The  styloid  process  of  the  radius  is  on 
a  higher  level  than  that  of  the  ulna  ;  in  dislocation  of  the 
wrist  this  is  not  the  čase.  The  hand  is  carried  towards 
the  radial  side  (Fig.  309). 

In  cases  with  but  very  trifling  displacement  it  is 
stili  possible  to  recognize  the  absence  of  the  projection 
of  the  anterior  articular  lip  of  the  bone  on  the  front  of 
the  wrist,  and  some  slight  elevation  of  the  dorsum. 
The  angle  between  the  axis  of  the  forearm  and  the 
ground  is  said  (Chiene)  to  determine  whether  in  such 
a  fall  the  line  of  force  passes  upward  in  front  of  the  axis 
of  the  forearm  and  the  radius  is  broken,  or  extends  up 
the  forearm  itself,  resulting  in  a  sprain  of  the  wrist  or  a 
dislocation  of  the  bones  of  the  forearm  backward  a  t  the 
elbow.  The  forward  sloping  of  the  carpal  surface  of  the 
radius  causes  the  i>osterior  edge  of  the  bone  to  receive 
the  gpreater  part  of  the  force  ;  hence  the  lower  fragment 
is  rotated  backward  on  a  transverse  axis,  and  hence  ihe 
disappearance  of  the  prominence  of  the  anterior  articular 
lip.  The  carpal  surface  of  the  radius  also  slopes  down- 
ward  and  outward  ;  hence  the  radial  edge  of  the  losver 
fragment  receives  (through  the  bali  of  the  thumb)  a 
greater  part  of  the  shock  than  the  ulnar  edge,  which  is, 
moreover,  firmly  attached  by  the  triangular  ligament. 
This  favors  the  upward  displacement  of  the  radial  styloid 
and  the  radial  displacement  of  the  hand.  There  are 
almost  always  some  crushing  and  distortion  of  the  lower 
spongy  fragment,  even  when  it  is  not  materially  displaced. 

Anterior  displacement  of  this  fragment  may  occur 
when  the  force  is  applied  in  the  reverse  direction, — i.e., 
with  the  hand  in  forced  palmar  flexion.  The  infre- 
quency  of  falls  on  the  back  of  the  hand  explains  the 
rarity  of  this  accident,  but  the  greater  ueakness  of  the 
posterior  ligament  and  the  absence  of  any  projecting 
articular  lip  to  increase  the  leverage  exerted  through 
the  ligament  also  contribute  to  make  the  accident 
uncommon. 

The  later  results  of  these  fractures  are  much  influ- 
cnced  by  the  close  proximity  of  the  flexor  and  extcnsor 

tendons  to  the  region  of  injurv,  as,  evcn  \vhcn  the  sheaths  escape  laceration  origi- 
nallv,  they  are  liable  to  become  adhcrent  during  the  process  of  repair. 

The  lower  epiphvsis  of  the  radius  is  osseous  about  the  end  of  the  tenth  year 
and  is  united  to  the  shaft  in  the  nineteenth  or  tuentieth  year.  The  epiphyseal  line  is 
almost  transverse  (Fig.  310),  and  extends  from  about  nineteen  millimetres  (three- 
fourths  of  an  inch)  above  the  apex  of  the  stvloid  process  to  six  millimetres  (one- 
fourth  of  an  inch)  above  the  lower  edge  of  the  sigmoid  cavity.     The  epiphysis  is 


Fracture  of  lowerend  of  radius, 
shovvinf^  hard  carried  towards  the 
radial  side. 
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thinnest  in  the  centre  (five  millimetres),  the  line  at  that  point  crossing  the  bone 
about  three  itiillimetres  be]ow  the  tip  of  the  prominent  niiddle  thecal  tubercle. 

The  necd  for  an  accurate  conception  of  this  epiphysis  is  emphasized  by  the 
facts  :  ( I )  that  it  is  more  oftcn  separated  than  any  other  in  the  body,  with  the 
possible  exccption  of  the  lower  epiphy.sts  of  the  femur  ;  (3)  that  its  line  has  more 
than  once  been  tigured  and  described  as  a  hne  of  fracture  on  the  basis  of  slcia- 
graphs. 

The  cause  of  scparation  is  almost  Hlways  a  fall  on  the  pronated  hand.  The 
carpal  bones  are  carricd  against  the  postcrior  bordcr  of  the  radial  epiphysis,  the  pro- 
nator  qiiadratus  and  othcr  muscles  Ax  the  lower  ends  of  the  diaphyses  of  the  radius 
and  ulna,  and  the  cpiphysis  is  forced  backuard.  The  anterior  carpal  ligament  and 
the  tendons  on  the  palmur  surface  of  the  wrist  are  put  on  the  stretch  and  aid  in  the 
displacement.  The  supinator  longus  is  directly  attached  to  the  epiphysis  and  aids  in 
maintaining  the  deformity. 

The  synovial  membrane  of  the  wrist-)oint  docs  not  reach  the  level  of  the  epi- 
physeal  line  of  either  the  radius  or  the  ulna.  That  joint  is,  therefore,  not  irequently 
in^■olved. 

The  tliinness  of  the  centre  of  the  epiphysis  would  lead  to  the  expectatton  that 
fracture  would  often  complicate  the  separation.     This  is  not  the  čase,   however. 
Poland  says  that  the  epiphysis  is  more  aolid  than  the  lower 
Fig.  3to.  end  of  the  bone  of  the  adult  (which  has,  of  course,   become 

cancellous  in  structure),  and  that  it  thus  escapes  the  fracture. 
comminution,  and  impaction  which  are  so  frequent  in  later 
life. 

The  radius  is  often  the  subject  of  rickets,  and  of  both 
syphilitic  and  tuberculous  epiphysitis,  especially  at  its  lower 
end,  on  account  of  the  exceptional  frequency  of  falls  upon 
the  hand  and  strains  of  the  epiphyseal  joinL 

Subperiosteal  sarcomata  are  rare.  Central  sarcomata 
almost  inv"ariably  attack  the  lower  end  of  the  bone  (page 
366)-  . 

Landmarks. — The  head  of  the  bone  may  be  felt  at  the 
bottom  of  the  dimple  or  depression  just  beIow  the  eictenia] 
condyle  and  to  the  outer  side  of  the  olecranon.  It  lies  be- 
tween  the  outer  border  of  the  anconeus  and  the  muscular 
swell  of  the  supinator  longus  and  radial  extensors  of  the  car- 
pus.  It  is  covered  l>y  the  cxternal  lateral  and  orbicular  liga- 
menis.  It  can  rcadi!y  be  felfto  movenhen  the  forearm  is 
pronated  and  supinated.  Its  presence  in  that  position  demon- 
stratos  that  dislocation  of  the  radius  or  of  bolh  bones  of  the 
forearm  b;ickward — the  common  dislocation  at  the  elbotr — 
has  not  occurred.  Its  free  rotation  negatives  the  existencc  of  a  non-impacted 
fracture  of  the  radius. 

The  uppcr  edge  of  the  hgad  lies  immediatc]y  l>elow  the  elbow-joint.  In  full 
supination  the  tubercle  can  be  indistinctly  felt  a  littlv  belou-  the  lowcr  edge  of  the 
head.  The  upper  half  of  the  radial  shaft  cannot  be  felt,  as  it  lies  beneath  the  bellies 
of  the  exten5ors  an<l  the  supinator  brcvis.  The  lower  half  is  almost  subcutaneous 
and  can  readilv  be  palpatcil  throtigh  or  between  the  tendons  and  muscles.  The 
expandcd  louer  extremity  is  partlv  subcutaneous  fat  the  base  of  the  stvloid  exter- 
nailv)  and  is  rcadily  felt.  The  styloid  itsejf.  the  prominent  tutK-rcIe  at  the  radial 
side  of  the  groovc  for  the  exttnsor  longus  pollicis  (middlc  thecal  tubercle),  and 
tht  sliatp  lul>crcle  at  the  base  of  the  stvloid  can  easily  be  recognizcd.  The  latter 
is  the  inferior  termination  of  the  pronator  crc-st  of  the  diaphysis.  marks  the  ex- 
ternai  termination  of  the  cpiphyscal  line,  and  is  on  a  level  with  the  lon'er  and  outer 
part  of  the  pronator  quadratus  muscie.  l~he  post(.'rior  end  of  the  middle  thecal 
tubercle  is  three  niillimetres  abovc  the  epiplivseal  line  on  the  postcrior  aspect  of  the 
bone. 

The  styloid  process  of  the  radius  is  lomcr — i.c. ,  nearer  the  hand — than  the  5tyIoid 
process  of  the  ulna. 


RADIO-ULNAR   ARTICULATIONS. 


JOINTS   AND   LIGAMENTS   BETWEEN   RADIUS  AND   ULNA. 

These  indude, — 

t.  Superior  Radio-Ulnar  Articulation  : 

Orbicular  Ligament  ;  Capsular  Ligament. 

2.  Inferior  Radio-Ulnar  Articulation  : 

Triangular  Cartilage  ;        Capsular  Ligament- 

3.  Ligaments  uniting  the  Shafts  : 

Interosseous  Membrane  ;  Oblique  Ligament. 

The  aup«rior  radio-ulnar  joint'  (Figs.  311,  312)  is  between  the  circum- 
ice  of  the  head  of  the  radius  and  the  lesser  sigmoid  cavity  c»f  the  ulna  extended 
a  circle  by  the  orbicular  ligament.     The  articular  ends  of  the  bones  are  coated 


ipe«.    Th*  capsuli 


with  cartilage  requiring  no  particular  descriptlon.  The  orbicular  ligament '  (  Fig. 
311)  surrounds  the  head  of  the  nuliiis.  springing  from  the  ttto  ends  of  the  lesser  sig- 
moid cavity  and  from  the  lines  riinning  down  from  iheni.  This  band  cmbraces  the 
head  tightly,  bul  is  se|Kinite<l  from  it  by  the  cavity  of  the  joint.  and  is  lined  with 
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synovial  membrane.  It  narrows  b(;low  so  as  to  fold  under  the  projecting  head,  aad 
is  atuched,  chitfly  throiigh  fibres  from  the  lowcr  bordcr  of  the  lesser  sigmoid  cavity, 
to  the  inner  sidc  of  the  neck.  It  is  connected  above  with  the  capsular  ligameot 
of  the  elbow-joint.  That  the  (ibres  to  the  neck  limit  rotation  is  eaail/  shown  by 
dividing  ali  bands  connecting  the  bones,  excepting  the  orbicular  ligament ;  for  wcrc 
it  not  su,  the  radius  could  then  be  turned  continuously,  which  is  not  the  čase.  It  is 
doubtful,  however,  »hether  ihese  fibres  become  tense  by  any  movement  which  can 
occur  in  the  undissectcd  joint. 

The  inferior  radio-ulnar  joint'  is,  when  scen  from  the  front,  an  L-shaped 
cavity,  the  vertical  part  being  between  the  head  of  the  ulna  and  the  hollow  on 
the  radius,  and  the  horizontal Timb  between  the  ulna  and  the  triangular  cartilage,* 
which  is  attached  by  its  base  to  the  border  between  the  inner  and  lower  enda  of 
the  radius  in  such  a  manncr  that  its  distal  suriace  is  in  the  same  plane  as  the 
low'cr  end  of  the  radius.  The  apex  of  the  cartilage  is  attached  by  a  ligament  some 
three  millimetres  long  to  the  groove  between  the  head  and  the  styloid  process  of  the 
ulna  and  to  the  inner  surface  and  anterior  edge  of  the  latter,  Strong  bands, 
inseparable  from  the  ligaments  of  the  wrist,  run  along  its  border  to  the  front  and 
back  of  the  artieular  suriace  of   the  radius.      The  Abro-cartilage  is  very  flexible 


From  of  npiolc 


and  adapts  itself  to  the  surfaces  of  the  lower  end  of  the  ulna  and  of  the  first  row  ol 
the  carpus,  Ita  inner  end.  however,  is  not  as  broad  as  the  lower  end  of  the  ulna. 
It  is  in  some  cases  perforated.  The  membrana  sacciformis  is  the  svnovial  mem- 
brane of  this  joint,  lining  the  ra|)sulc  between  the  ulna  and  the  triangular  cartilage, 
bctwet-n  the  ulna  and  radius.  and  extending  a  littte  alx>ve  the  level  of  the  top  ol  the 
appnsed  articular  surfaces  of  these  bones.  The  capsule  enveloping  it  is  delicate, 
but  strengthened  in  front  and  l)chind  by  ill-marked  bands  passing  bet»-een  the 
lx>nes  :  these  are  sometinies  described  as  distinct  anterior  and  posierior  ligaments. 
The  conneotion  lutu-een  the  lower  endsof  the  bones  is  much  strengthened  by  the 
pronator  quadratus. 

T,fie  ligaments  between  the  ahafta  are  the  interosseous  membrane  and  the 
oblique  ligament.  The  interosseous  membrane'  (Fig.  315),  composed  of  fibres 
running  di>wnward  and  inward,  doses.  e.\cept  abo\c.  the  opening  between  the  bones. 
Beginning  from  one  to  two  centimetre«  below  the  tiibercie  (if  the  radius  on  ihe 
anterior  surface  of  the  interosseous  ridge,  and  lower  from  the  sharp  edge,  it  connects 
the  two  ridges  as  far  as  the  lower  joint.  fo]low-ing  the  posterior  dtvision  of  the  inter- 
osseous ridgc  of  the  radius.  The  upper  fibres  are  nearly  transverse.  Some  loi^ 
fibres.   particularly  on  the  posterior  surface,  run    from  nina  to  nidius.     There  ar« 
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»ev«ral  small  openings  for  the  passage  of  vessels  and  nerves.  Pressure  transmittcd 
iic>ward  from  the  hand  through  the  radius  would  tend  to  stretch  the  greater  number 
ot      «he  fibres,  and  thus  distribute  the  strain  through  bolh  bones.     While  the  radius 


if  inlcrior  radio-uloir 
StjMd  procos  of  ndiu9 


can  hardly  be  enough  displaced  to  bring  this  about,  it  is  conceivable  that  the  bones 
■night  bend  suffidcntly  to  make  this  action  effective. 

The  oblique  ligament'  (Fig,  311),  an  inconstanl  little  band,  runs  downward 
*nd  outward,  partly  člosing  the  space  above  the  membrane,  from  the  tubercle  of  the 


Fig.  314- 


lifaRMOl  of  lrl*ngu1ar  canlLiErJKr^iV: 
Stjiloid  procea&  of  u1 


vina  tO  the  beginning  of  the  oblique  line  of  the  radius.      It  has  been  plausibly  sug- 
^ested  that  it  reprcsents  a  part  of  the  f1exor  longus  pollicis  muscie. 

THE   FOREARM  AS  A  WHOLE,  AND  ITS  INTRINSIC   MOVEMENTS. 

The  two  bones  and  the  ligaments  form  an  apparatus  capable  of  being  moved  as 
a  whole  on  either  the  arm  or  the  hand.  and  of  greatlv  changing  its  own  shape  by 
the  movements  of  the  radius  on  the  ulna.  As  these  lattcr  are  theorelically  inde- 
pendent  of  the  position  of  the  forearni  with  regard  to  the  arm,  it  is  best  to  consider 
them  here. 

The  movement  of  the  radius  is  a  \ery  simpie  one  of  rotation  on  an  asds  coincid- 
ing  with  that  of  the  neck  of  the  bone,  and  ihen,  owing  to  the  outward  bend  of  the 
shaft,  passing  down  bettteen  the  bones  and  tinally  through  the  head  of  the  ulna. 
The  amount  of  rotation  probablv  rarely  excecds  160'^'.  Rotation  is  limited  chiertv  by 
the  anterior  and  posterior  radio-ulnar  ligaments,  the  former  lieing  very  tense  at  the 
end  of  supination  and  the  latter  at  the  end  of  pronation.  The  obtique  ligament 
limits  forced  supination.  As  nl)ove  stated,  it  is  un]ikely  that  the  ^bres  of  the 
<MiNcular  ligament  to  the  radius  become  tense  during  life.  The  fact  that  the  lower 
end  of  the  radius  swings  round  the  ulna  in  no  way  changes  the  character  of  the 
movement,  li  the  radius  were  ihroughont  in  continuation  of  the  a.\is  of  the  neck, 
and  the  ulna  enlarged  below  to  support  it,  rotation  on  the  a.\is  of  the  ncck  would 
not  change  the  position  of  the  lione.  The  dep.irturc  of  the  greater  part  of  the  radius 
from  that  line  necessitatt-s  the  sninging  round  of  the  lo«er  end,  but  does  not  affect 
the  nature  of  the  movement. 

The  changes  of  relative  position  of  the  bones  during  rotation  are  ver)'  important. 
It  must  be  remembered  that  whcn  the  ulna  is  held  so  that  the  front  of  the  middle  of 
the  shaft  is  horizontal,  the  head  of  the  radius  is  in  a  plane  above  that  of  the  main 
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axis  of  the  ulna,  When  the  radius  is  brought  into  semipronaiion  (so  that  the 
thumb  will  point  upward )  ihe  bones  are  most  nearly  paralk-1  and  al  the  f^reatest 
possible  distance  from  cach  other,  and  tbe  inembrant;  is  approxiniately  tense  (  Fig. 
315).  The  forearm  is  broadtst  at  alxtut  the  middle.  The  membrane  is  at  the 
bottom  of  a  moderatc  ho]low  acen  froni  either  the  front  or  the  baclt.  In  cxtreine 
supination  the  antcrior  hollnw  is  effaced  and  the  posierior  deepencd.  The  radius 
approaches  the  ulna,  especially  above  the  middle.  In  extrenie  pronation  the  front 
hoUow  is  much  deepened  and  the  hind  one  lost.  The  bones  are  much  nearer 
together  than  in  any  other  position.  The  radius  crosses  the  ulna,  and  is  above  and 
internal  to  it  at  the  wrist. 

Should  the  capsule  be  open ed  from  below  uiihout  disturbing  the  triangular  car- 
tilage  in  a  specimen  from  which  the  hand  has  been  disarticulated,  in  supination  the 
front  of  the  under  side  of  the  head  of  the  ulna  will  be  exposcd  ;  in  forced  pronation 

Fjg.  315. 


almost  the  whoIe  under  end  will  appeur  (Figs.  313,  314).  As  the  radius  passes 
l>ehind  the  head,  the  ligament  of  the  triangular  cartilage  is  rclaxed  and  the  band 
at  the  back  of  the  joint  ia  made  tense.  This  ligament  bccomes  tense  before  cora- 
pfete  supination  and  is  somcwhat  relaxed  when  supination  is  extreme. 

The  motiim  al)ove  dc-scribed  is  the  only  one  belwcen  the  radius  and  ulna; 
neverthelcss,  in  certain  muvements  of  tuisting  the  hand  ;md  arm  the  ulna  ptays  a 
part  to  bc  considercd  later  (page  304V 

Surface  Anatom/  of  the  Radius  and  Ulna. — The  position  of  both  bones 
can  bc  fell  in  a  bodv  that  is  not  verv  muscular,  though  coniparatively  little  of  ihem 
is  subciitaneciits.  The  triangular  space  of  the  l)ack  iif  the  olecranon,  and  the  pos- 
terior  l»order  nf  the  ulna  starling  from  it  and  nmning  to  the  slvloid  process,  can  ali 
l>e  tracetl  wilh  ihe  fingor.  \Vhen  the  arm  is  straight,  tho  toj)  of  the  olecranon  ia  a 
little  al>ovc  the  levd  of  the  internal  rimdvle  and  liehind  it  ;  whcn  the  arm  is  bcnt  at 
a  righi  anglc,  the  top  of  the  olecranon  is  in  the  same  verticat  plunc  as  the  baclt  <rf 
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the  humerus  ;  and  when  it  is  strongly  flexed,  tlie  top  of  the  olecranon  corresponds 
to  the  vertical  plane  of  the  internal  coiiclyle.  The  head  of  tlie  radius  and  the  fiirrow 
above  it  opening  iiito  ihe  joint  are  easily  felt  at  the  outside  and  behind.  In  the  lower 
third  of  the  forearm  the  bones  can  t*asily  be  felt.  The  ulna  here  is  posterior  and 
best  felt  at  the  back.  In  »upination  the  styloid  process  is  distinct.  It  is  hidden  by 
the  soft  parts  in  pronation,  and  ihe  head  is  exposed.  The  forward  sweep  ol  the 
lower  end  of  the  radius  is  evident,  The  inferior  expansion  can  be  Icit  both  before 
and  behind  ;  the  styloid  process  is  examined  best  (roni  the  outer  side.  It  exlends 
nearly  one  centimetre  lower  than  that  of  the  ulna,  Tl»e  inequalities  on  the  back  can 
be  felt  vaguely  ;  the  most  evident  is  the  ridge  bounding  the  groove  for  the  long 
extensor  of  the  thumb. 

THE   ELBOW   JOINT.' 

This  is  a  considerably  modihed  hinge-joint,  the  axis  of  rotation  being  oblique  to 
the  long  axi5  of  both  the  humerus  and  the  ulna,  and  the  course  oi  the  latter  at  the 
joint  being  aiso  n  spiral  one.  It  is  to  be  understood  that  the  radius  follovis  ihe  ulna, 
■which  is  the  directing  bone  of  the  forearm  in  the  motions  of  the  elbow. 

The  Articular  Surfaces. — ^These  have  been  described  uith  the  bones  ;  it 
remains  only  to  give  here  a  summary.  The  motions  betuecn  the  forearm  and  the 
humerus  depend  essentially  on  the  trochiea  and  on  the  surfaces  of  the  greater  sigmoid 
cavity.     This  is  a  modified  hinge-joint.      As  has  been  sho»'n,  the  transverse  axis  of 


Fig.  316. 


SubcnUiKOiu  butsa 


•^S».     „ 


the  trochiea  is  not  at  right  angles 
true  of  the  sigmoid  ca\it>'  and  thi 
later.  Again,  as  alreadv  pointei 
shaped  that  the  ulna  in  turning  o 
that  the  trochiea  is  not  e<]iially  hroad  throughout, 
s  of  cnrve  in  the  si^nioid  ca\  itv.     Finallv 


the  shaft,  and  it  mav  be  added  that  the  same  is 
;is  of  the  ulna.     The  effcct  of  this  wiil  bc  noliced 
ut,  the  trochiea  is  not  onlv  oblique,  bul  is  so 
spiral  line.     It  has  also  been  shown 
nd  that  there  are  curious  ditfer- 
lateral  ligamcnts  are  not  quite 
tense,  especially  whcn  the  joint  is  half  flexcd.      It  fotlows  from  these  facts  that  the 
motion  is  a  very  complicated  ono,  and  that  a  certain  lateral  motion  of  the  ulna  on 
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the  humerus  is  possiblc.     The  head  of  the  radius  pUys  on  the  capitellum,  but  it 
follow5  the  ulna. 

The  capsular  ligament '  surrounding  the  joint  is  very  weak  bchind,  stronger 
in  front,  and  very  strong  at  the  sides,  which  lust-namud  paris  are  usuaUy  called  th« 
lateral  liganunts.  The  anterior  Jibres  arise  froni  the  humerus  atx)\'e  the  coroaoid 
and  radia!  fossu;,  and  Erom  the  front  of  the  bascs  of  both  condyles.  Behind,  they 
arise  from  aboiit  the  middie  uf  the  olccranon  fossa,  vvhich  is  only  partly  within  the 
capsule.  Transverse  fibres  bridge  it,  passing  belween  tlie  highest  points  of  the 
borders  of  the  trochlea.  Below  this  the  posterior  fibres  arise  beyond  these  borders, 
so  that  the  trochlea  is  included  in  the  joint.  At  the  sides  the  tibres  forming  the 
so-called  latcral  ligaments  radiate  from  points  bclow  the  tips  of  the  condyles.  A 
litlle  of  the  external  and  a  large  part  of  the  intcrnal  condyle  are  not  enclosed.     The 

Fig.  317, 
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capsule  is  inserted  beIow,  posteriorly,  into  the  littlc  groove  described  with  the  bone 
at  the  border  of  the  olecranon.  The  radiating  fibres  from  the  external  condyle  are 
inserted  into  the  surface  ti\  the  orbicular  ligament,  behind,  outside,  and  in  front 
Thev  are  covered  by  tcndinous  fibres  of  the  muscles  Irom  the  c<)ndyle,  which  are 
almost  iiiseparahle  from  them,  and  »hich  greatlv  strengthen  the  jnint,  The  fibres 
radiating  from  the  tip  of  the  inncr  c<m(iyie,  i>r  the  iniernal  latiral  ligament '  are  in 
two  laycrs.  The  [Misturior,  the  deeper.  is  attached  to  the  side  of  the  olecranon  ; 
the  anterior  is  a  strnng  txmd  passing  lo  the  side  i>f  the  roronoid  process,  vhich  sends 
tibres  biii-kward,  ovcrlapping  the  deeptT-  layer.  The  anteriiir  lihres  go  to  the 
■  irbicular  lig;imcnt  and  to  the  coronoid  process  near  its  ed^je.  The  front  part  of  the 
ca|isuh-  is  stren^thencd  by  delirate  obliijne  tibres  from  the  front  of  the  intcrnal  con- 
dvle,  passing  downward  and  iiutward.  Masses  of  fat.  incorporated  in  the  capsute 
biith  lx-f..re  and  l)ehind,  pruject  into  ihe  juint,  carrving  ihe  synovial  membrane  before 

■CifHUutkiUrlL    ■Lli.inllaun;*  nluH 
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them.  There  is  a  thick  pad  of  fat,  which,  when  large,  may  bear  well-marked 
5ynovial  lolds  at  the  notch  on  ihe  iiiner  side  of  the  ulna  where  the  olecraiion  joins 
the  coronoid. 

Movements. — Thcse  are  of  two  orders  r  that  ol  HeKion  and  extcnsion,  and 
diose  which  occur  in  twisting  the  forearm,  For  practical  purposes  the  fornier  may 
be  reduced  to  Ihose  of  the  ulna,  which  the  radius  is  forced  to  follow.  The  move- 
ments ol  the  ulna  are  not  far  from  turning  on  an  oblique  axis,  »hich  cuts  ihe  long 
axis  of  the  humerus  at  an  angle  of  approximately  80°  extcrnally.  When  the  forearm 
is  fully  extended,  it  theretore  forms  external!y  an  obtuse  angle  with  the  humerus. 
Were  the  long  axis  of  the  ulna  perpendicular  to  the  axis  of  the  joint,  the  forearm  in 
flexion  would  cross  the  humerus,  as  indeed  is  often  erroneously  stated  ;  in  fact, 
however,  the  long  a.\is  of  the  ulna  also  forms  an  angle  of  aboiit  80°  with  the  axis  of 
the  joint,  and,  as  these  angles  equal  each  other,  in  flexion  the  forearm  is  parallel 
with  tht  humerus.  A  simple  demonstration  o(  this  is  gained  by  cutting  out  a  copy 
of  F"ig,  320.'    On  folding  it  at  the  line  of  the  joint  (a  5)  the  two  parts  wiU  lie  one  on 

Fig.  318. 
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"*^  Other.  If  then  anoiher  model  be  made  with  the  axis  of  the  loHer  piece  at  right 
*''&les  to  the  joint,  it  will  show  that  the  lower  piece  crosses  the  upper.  When 
tttension  is  complete,  the  tip  of  the  olecranon  can  go  no  farther  into  the  fossa  on 
|r^  tačk  of  the  humerus,  and  the  front  of  the  capsule  is  tense.  In  complete  flexion 
?|  *^»e  dissected  arm,  the  tip  of  the  coronoid  is  in  conlact  with  the  liumerus  in  front  ; 
,.  ',  in  life  the  motion  mav  be  checked  by  the  soft  parts  before  it  has  reached  its 
^'"■t  Morris  has  shown  ihat  there  is  mnch  variation  in  the  range  of  movement, 
*rF*^nding  on  differences  in  the  upper  end  of  the  ulna.  The  lateral  ligaments  of  a 
*^^retica!ly  perfect  hinge-joint  should  always  be  tense  ;  in  the  elbow  they  are  not 
H"*^«  tense  in  semiflexion.  Moreover,  the  imaginary  axis  does  not  remain  fixed 
"^'^fciighout  the  motion. 

_.  Hotions  of  the  Forearm  on  the  Humerus  in  twisting  the  Hand.— 
'■"^^  articulation  between  the  concave  hcad  nI  the  radius  and  the  convex  capitelliim 
9*  *lie  humerus  is  practicallv  a  hall-and-sncket  joint  ;  the  radius  mav  glide  on  the 
J  ^*ienis,  following  the  ulna,  or  it  niav  rotate  on  a  fixed  axis,  as  described  above. 
"  "S  easilv  shown,  howevcr,  that  the  swiiit;ini;  of  the  Iower  end  of  the  radius  round 
'  PoHer  :  Journal  of  Anatom)-  and  Phj-sioloEV,  vol.  xiiix.,  1895. 
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a  motionlcss  ulna  is  not  what  actually  occurs  in  life.  Let  thc  rcader  grasp  )ightly 
his  ri(!:ht  wrist  with  his  left  thumb  and  foretingcr,  so  (hat  they  nearly  incet  at  thc 
styl<)id  process  of  the  radius,  and,  prcssing  thc  right  c)bow  to  thc  i>ide  for  steadiness, 


Righiclbou' 

prunate  tho  Hght  arm.  The  lower  end  of  the  radius  »ill  occupy  the  plače  at  the 
base  of  thc  kft  thumb  prcviously  occupied  by  the  ulna,  which  will  have  travelled 
outward  along  thc  led  forefinger.  It  is  very  ilntibtful  uhether  in  this  expiTimcnt  ali 
motiou  »t  the  shouldcr  is  eliminatcd  ;  ncverthclcss,  the  ulna  iindnubtedly  chan^es  its 
placc,  and  Kith  cipial  certainty  it  does  not  "  rotatc."  To  provc  this.  let  thc  arm  of 
a  subjcct  be  held  in  a  \ice  abovc  the  elbo«-,  «hich  should  be 
Fir..  jn>.  seniiflexed,    ami,    the  forcarm  bcing    supinc,  lot  a  lonR  pin 

pointing  outward  be  fixed  into  the  oiiter  side  of  the  radius 
abovc  thc  MTisl.  and  another  pnintinp  iiiuard  into  a  corre- 
sjionding  point  of  thc  ulna.  On  prnnating  the  hand,  the  pin 
in  the  radius  ivil!  descriljc  a  large  ciir\c  and  that  in  the  ulna 
wil!  make  no  evidcni  movement.  On  ctose  inspection,  aided 
by  placinj;  some  objcct  closc  to  thc  hi.a<i  of  the  pin  in  the 
ulna,  it  will  appcar  that,  though  the  bone  has  not  rotated, 
the  pin-head  has  changed  its  placc :  it  has  moved  down- 
ward  and  outuard.  If  thc  hand  he  now  disarticulated,  and 
two  pins  bcarinji  bnishes  dippod  in  j>aint  be  placcd  in  the 
end  of  the  he-ad  of  the  ulna  and  in  tlic  lower  surface  of  the 
radius,  pointint;  downu-ard  so  as  to  continuc  the  line  of  the 
shafts  of  thcsc  boncs,  on  twistinR  thc  furcarm,  cach  of  these 
l)nishi-(  will  dcsrrilK.-  a  curvc  on  a  shcct  of  papcr  held  against 
theni  ;  that  in  thc  radius  makinti  a  lar^c  curve  upward  and 
■k^'irt'"iw'7iiHH-'.'»itii''ihi  i"W'ard.  aml  thc  uliiar  pin  a  sniall  one  doivniA-ard  and  out- 
4\i>-t  itu' l^iiii.  warit.       Thc    rdalivc    si/c  of     thcse   rnrvcs    mav    bc    varied 

grcativ  fiv  thc  operator.  \Vhat  has  i)ccnrnd  is  this  :  besides 
thc  rotation  i>f  thc  radius.  ihcrc  has  l>c<n  a  latcral  movement  iK-tivcen  thc  ulna  and 
humcrus  combini-d  \vith  a  slijiht  c\l<'nsii>n.  This  movement  is  lcw  »hen  the  arm  is 
nearly  strai>;ht  than  vihcn  f5c.\cd.  for  in  thc  latf-r  position  thc  latcral  parts  of  the 
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capsule  are  least  tense.  It  is  probably  assisted  by  a  want  of  perfect  adaptation 
between  the  articular  surfaces.  These  exi>eriments  on  the  dead  body  do  not  quite 
fulfil  the  conditions  of  the  living,  because  wc  ha  ve  no  evidence  that  then  the  muscles 
can  produce  quite  the  same  movement ;  moreover,  Cathcart  has  shown  that  in  anky- 
losis  of  the  shoulder-joint  this  motion  is  greatly  impaired,  thus  proving  that  in  life  a 
small  amount  of  motion  at  that  joint  is  an  essential  part  of  free  twisting  of  the  hand. 
Experiments  by  Hultkrantz  on  the  living  subject  tend  to  show  that  the  slight  motion 
of  the  ulna  is  in  the  opposite  direction  to  that  described.  There  is  probably  much 
individual  variation/ 

PRACTICAL  CONSIDERATIONS. 

The  Elbov^-Joint. — This  joint  is  dependent  for  its  strength  more  upon  the 
shape  of  the  bones  that  enter  into  it  than  upon  the  ligaments  or  muscles.  As  the 
elbow  ceased  to  be  useful  for  support,  but  became  of  the  utmost  importance  for 
prehension,  the  radius  became  movable  instead  of  fixed,  and  the  strength  of  the  joint 
came  to  depend  in  much  larger  proportion  upon  the  ulna. 

Force  applied  in  the  line  of  the  long  axis  of  the  limb,  as  in  hanging  by  the 
hands  (the  weight  being  transferred  from  the  wrist  and  the  radius  to  the  ulna  and 
the  elbow,  largely  by  means  of  the  triangular  and  orbicular  ligaments,  with  very 
slight  help  from  the  oblique  ligament),  is  resisted  in  the  order  of  effectiveness  (a) 
by  the  hook  of  the  olecranon  over  the  trochlea  ;  (d)  by  the  lateral  ligaments  ;  {c) 
by  the  biceps,  triceps,  and  brachialis  anticus,  aided  by  the  flexors,  extensors,  prona- 
tors,  and  supinators.  The  lower  part  of  the  lesser  sigmoid  cavity  of  the  ulna  under- 
hangs  the  inner  edge  of  the  radial  head,  and  aids  in  preventing  the  radius  from  being 
drawn  away  from  the  ulna. 

Force  applied  in  the  same  line,  but  in  the  opposite  direction,  as  in  falls  upon 
the  hands  (the  thrust  being  transferred  from  the  radius  to  the  ulna  by  means  of 
the  oblique  fibres  of  the  interosseous  membrane),  is  resisted  almost  exclusively  by 
the  coronoid  process,  aided  perhaps  by  the  surface  of  contact  bet\veen  the  radial 
head  and  the  capitellum,  which  is  diminished  in  full  extension. 

As  the  dislocation  usually  occurs  with  the  forearm  hyperextended,  the  lateral 
ligaments,  particularly  the  inner  one,  are  often  stretched  and  torn  ;  the  brachialis 
anticus  is  drawn  tightly  over  the  humerus  and  is  sometimes  ruptured.  The  coronoid 
process  is  not  infrequently  broken. 

Antero-posterior  dislocations  are  the  most  frequent,  because  of  {a)  the  lesser 
antero-f>osterior  diameter  of  the  joint  as  compared  with  the  lateral  diameter  ;  (^)  the 
varying  efficiency  of  the  hold  of  the  ulnar  processes — the  coronoid  and  olecranon — 
on  the  humerus  in  different  positions  of  the  elhow  ;  (r)  the  ueakness  of  the  anterior 
and  posterior  ligaments,  and  the  absence  of  effective  muscular  support. 

Backtvard  dislocation  of  both  bones  is  far  more  frequent  than  fonvard,  be- 
cause :  (i)  The  capsular  ligament  is  weakest  posteriorly.  (2)  The  coronoid,  which 
resists  backward  displacement,  is  smaller,  less  curved,  and  received  in  a  shallower 
fossa  than  the  olecranon,  which  prevents  luxation  forward.  (3)  It  is  in  its  relation  of 
least  effectiveness  when  the  joint  is  in  full  extension.  (4)  Falls  upon  the  hand  with 
the  forearm  extended  greatlv  outnumber  ali  other  causes  of  dislocation  of  the  elbow. 
(5)  In  full  extension  the  already  slight  surface  of  contact  between  the  radius  and 
humerus  is  diminished  and  the  posterior  articular  edge  of  the  radial  head  projects 
behind  the  capitellum.  (6)  The  ulna  and  radius  are  apt  to  be  dislocated  together 
rather  than  separately  because  of  the  strong  ligaments  which  hold  them  to  each 
other — the  triangular  ligaments  below,  the  interosseous  membrane,  and  the  orbicular 
and  oblique  ligaments  above — and  because  of  the  absence  of  any  such  intimate 
connection  of  either  bone  with  the  humerus. 

It  is  this  ligamentous  connection  with  the  ulna  which  enables  the  radius,  in  spite 
of  the  shallowness  of  the  articular  cup  upon  its  head,  to  resist  the  powerful  fon\'ard 
puli  of  the  biceps. 
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I^teral  dislocations  of  thc  scparate  bones  are  infrcquent  for  the  same  reason  ; 
of  both  bones  because  of  the  great  relative  width  of  the  joint,  its  irregular  undulating 
transverse  outline,  the  prominences  of  the  border  of  the  trochlea  and  of  the  capi- 
tellum,  the  strength  of  the  lateral  lif^anients,  and  the  presence  of  the  flexor  and 
extensor  muscular  masses  arisin^L^  froni  the  condyles. 

Inward  dislocation  is  the  rarest  on  account  of  the  greater  projection  of  the  inner 
border  of  the  trochlea. 

When  either  bone  is  dislocated  separately,  it  is  most  apt  to  be  the  radius,  and 
in  the  forward  direction  on  account  of  the  slij^htness  of  its  humeral  connection,  its 
mobility,  its  direct  rclation  with  the  hand  and  wrist,  and  the  eflect  of  muscular  action 
(biceps)  upon  its  upper  extremity.  The  orbicular  ligament  oflfers  the  chief,  if  not 
the  only  resistance  to  this  for\vard  puli  of  the  biceps.  Therefore,  if  this  is  torn, 
recurrence  of  the  luxation  is  common,  unless  the  arm  is  kept  in  the  acutely  flexed 
position.  When  the  ulna  is  dislocated  alone,  it  is  almost  always  backward  for 
reasons  already  mentioned. 

In  the  common  backward  dislocation  of  both  bones,  the  tip  of  the  coronoid  may 
rest  upon  thc  posterior  surface  of  the  trochlea,  or  may  ascend  to  the  level  of  the 
olecranon  fossa,  which,  hovvever,  it  is  prevented  from  actually  entering  by  the  pres- 
ence of  the  soft  parts  and  by  the  tension  of  the  structures  on  the  front  of  the  joint. 
The  most  easily  recognizcd  svmptom  of  this  displaccment  is  the  change  in  the  rela- 
tion  of  the  tips  of  the  condvles  and  the  olecranon,  the  latter  occupying  a  much  higher 
position  in  extension,  or  lying  much  more  posteriorly  in  flexion  (page  287,  Fig. 
301).  In  making  this  measurement  it  is  important  to  lx^  sure  that  the  line  uniting 
the  tijjs  of  the  condyles,  and  in  full  extension  in  the  normal  arm,  crossing  the  olec- 
ranon about  one-sixteenth  of  an  inch  below  its  tip,  is  a  straight  line  at  right  angles 
to  the  long  axis  of  the  humerus.  Any  upward  or  downward  curve  given  to  this  line 
destroys  its  diagnostic  significance. 

The  large  majority  of  c;ises  of  dislocation  of  the  ellKnv  occur  in  young  males, 
usually  belo\v  the  age  of  twenty.  Kronlein  has  called  attention  to  the  fact  that  at 
this  age  fractures  of  the  clavicle  are  also  common  and  luxation  of  the  shoulder  b 
rarelv  met  with.  while  after  tuentv  both  clavicular  fracture  and  elbow  dislocation 
are  comparatively  rarc  and  shoulder  dislocation  is  common.  He  concludes  that  in 
childhood  fracture  of  the  clavicle  is  the  equivalent  of  dislocation  of  the  shoulder  by 
direct  violence,  anil  dislocation  of  the  elbow  is  the  equivalcnt  of  the  shoulder  dis- 
location from  indirect  violence. 

The  anatomical  explanation  may  bc  that  thc  disproportion  between  the  head  of 
the  humerus  and  the  glenoid  cavity  (page  278)  is  less  marked  in  childhood,  the 
articular  surfaces  are  therefore  not  so  easily  separatcd,  and  force  apf)lied  to  the  point 
of  the  shoulder  is  more  apt  to  reach  and  be  expended  upon  the  clavicle. 

As  to  the  elbo\v,  the  shallowness  in  children  of  the  fossa;  which  receive  the 
processes  and  a  corresj)onding  want  of  prominence  in  thc  latter,  together  with  the 
ease  with  which  the  elbo\v- joint  in  childhood  mav  be  hyperextended  fwhich  is  not 
the  čase  in  adult  life),  are  possible  explanations  of  the  frequency  of  this  dislocation 
in  young  persons. 

CoPiirniiial  dislocations  occur.  In  some  instancc*s  thev  have  been  associated 
with  dehciency  of  the  capitellum,  and  have  then  been  accompanieil  by  such  elonga- 
tion  of  the  radial  neck  as  to  plače  the  head  of  that  lH)ne  on  a  level  vvith  the  tip  of  thc 
olecranon. 

This  afTords  an  illustration  of  the  general  law,  which  mav  be  mentioned  bere, 
that  the  rate  of  grouth  of  epiphvses  is  inverselv  as  the  pressure  upon  them.  Other 
examples  are  to  lx*  scen  in  the  overgrowth  of  the  cranial  lx>nes  in  hvdrocephalus, 
when  their  edgt^s  are  separated  by  the  j)ressure  of  the  ventricular  fluid  :  in  the  pro- 
jection of  the  vomer  and  intermaxillary  bones  In^vond  the  level  t)f  the  alveolar  arch 
in  some  cases  of  defl  palate  :  in  the  bonv  outgrovvths  that  fill  up  the  glenoid  cavity 
<»r  the  acftabulum  in  unreduced  lu.\ations  of  the  humerus  or  fenuir  :  and  in  many 
other  similar  conditions. 

Piscase  (»f  the  ell>ow-joint  is  mc:)st  often  tuberculous,  but  may  l>e  of  anv  variely- 
In  spite  of  the  constant  exposure  of  the  joint  to  traumatism,  it  is  not  attacked  by 
diseiise  with  exceptional  frequency.     This  is  prolxibly  partly  due  to  the  firm  inter- 
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loclcing  of  its  bony  constituents,  preserving  its  ginglymoid  character  and  preventing 
tbc  injurious  effect  of  side  strains»  partly  to  the  similar  protective  effect  of  its  strong 
lateral  ligaments,  and  somewhat  to  the  laxity  of  its  capsule,  permitting  of  moderate 
discention  without  undue  tension.  It  is  easily  and  often  spontaneously  immobilized 
in  tlie  early  stages  of  disease  ;  it  then  bears  no  weight  and  is  but  little  exposed  to 
hamiful  increase  of  intra-articular  pressure  from  muscular  spasm  ;  and  finally,  as  its 
tix2a.C:ion  does  not,  as  in  the  joints  of  the  lower  extreniity,  interfere  greatly  with 
moderate  out-door  exercise,  the  general  resistant  power  is  not  so  easily  lowered. 
Sv^e^lling  first  shows  itself  posteriorly  on  either  side  of  the  olecranon  process,  and 
ext^nds  to  the  fossa  over  the  head  of  the  radius.  In  these  directions  the  capsule  is 
thinnest  and  most  lax  and  the  synovial  cavity  is  nearest  the  skin.  As  distention 
con^inues  there  may  be  a  bulging  beneath  the  anconeus  to  the  outer  side  of  the 
olecriranon,  or  on  the  front  of  the  eHx)w  beneath  the  brachialis  anticus  and  extending 
to^^^^ards  the  outer  side,  as  it  is  limited  internally  by  the  thickening  of  the  capsule 
consstituting  the  internal  lateral  ligament. 

Pus  is  apt  to  follow  the  same  lines  of  least  resistance,  and  dischargc  upon  the 
baclc  of  the  arm  on  either  side  of  the  tricej)s,  but  especially  on  the  outer  side  on 
acoount  of  the  attachment  of  the  dense  intermuscular  fascia  above  the  internal  con- 
dyl^  ;  over  the  head  of  the  radius  beneath  the  external  condyle  ;  or  in  front  to  the 
out:^r  side  of  the  tendon  of  the  biceps,  a  posilion  determined  by  the  resistance  of  the 
biči  jDital  aponeurosis  on  the  inner  side. 

The  radio-ulnar  joint,  vvhich  is  part  of  the  articulation,  is  oftcn  involved,  affecting 
the    motions  of  pronation  and  supination. 

The  upper  radial  epiphvsis  and  most  of  the  lower  humeral  epiphysis  are  within 
the  limits  of  the  ca{)sule,  and  may  either  be  the  starting-point  of  joint  disease  or 
beoome  secondarily  involved. 

The  position  of  semiflcxion  \vhich  gives  the  greatest  ease,  and  is  therefore 
volviiitarily  assumed,  is  that  which  affords  most  room  for  synovial  distention  and 
relai^ces  the  muscles  most  immediately  in  rt-lation  with  the  joint.  Distention  of 
the  joint  is  easily  distinguished  from  disease  of  the  neighboring  bursae.  The 
buiTsa  over  the  olecranon,  \vhen  enlarged,  constitutes  a  single  rounded  superficial 
prorninence  ;  that  lx?neath  the  triceps  tendon,  vvhile  it  causes  s\velling  on  either 
sid^e  of  that  structure,  does  not  extend  to  or  obliterate  the  fossa  over  the  head 
o^  the  radius,  nor  does  it  cause  a  **pufiiness  bet\veen  the  inner  condvle  and  the 
ole<rranon  process  when  the  arm  is  bent  at  a  right  angle"  (Barwell).  The  bursae 
"^'^^'ath  the  brachialis  anticus  and  bet\veen  the  tubercle  of  the  radius  and  the  biceps 
^^'^clon,  if  enlarged,  cause  a  vague  fulness  over  those  regions.  but  none  of  the  charac- 
^^'^^tic  appearances  of  svnovitis.  Chronic  enlargement  of  the  latter  bursa,  in  a  čase 
^*  -^^|fnew,  caused  pressure  paralvsis  of  the  muscles  supplied  by  the  median  and 
P^^^TOor  interosseous  nerves. 

The  obliquity  of  the  line  of  the  elbo\v-joint  (page  268)  should  be  remembered 

^   tlie  treatment  of  fractures  involving  the  articulation.      In  obscure  injuries  about 

"^^     joint  the  position  of  acute  flexion,  vvith  the  hand  upon  the  front  of  the  chest,  is 

^"^    one  least  likely  to  be  follo\ve(i  by  serious  ankvlosis,  as  in  that  position  the  full 

™crtional  value  of  this  obliquity  is  more  apt  to  be  preserved  than  when  the  forearm 

*s*^^  a  right  angle.     The  j)Osition  is  also  the  one  in  \vhich  it  is  easiest  to  retain  in 

placr«  niany  fractures  in  the  region  of  the  eHx)w.     Especially  in  fractures  of  the  lower 

^ncj    of  the  humerus,  if  the  fragments  are  at  once  replaced,  the  coronoid  process  in 

tront  and  the  muscular  and  tendinous  structures  behind  hold  them  firmlv  and  prevent 

'^^rrence  of  deformitv.      If  the  fracture  is  intercondvlar,  or  T-shap>ed,  the  acutely 

"^t^d  position  not  only  holds  the  condvles  in  position,  but  tends  to  prevent  by 

pressure  the   involvement   of    the   joint    line   by   callus,    which   later  \vould    prove 

ODstructive.      If  either  the  coronoid  or  olecranon  fossa,  or  both,  be  involved,  it  is 

^^»*e  important  to  prevent  the  fiUing  up  of  the  former  than  of  the  latter,  as  full  flexion 

®/^f  far  greater  functional  importance  than  full  extension.      If  the  condvles — espe- 

^^\y  the  inner — be  split  of[,  the  position  relaxes  the  muscles  that  cause  displacement. 

*^  *s  also,  of  course,  the  most  uscful  position  of  the  limb  in  čase  ankvlosis  does  occur. 

In  €xcision  of  the  elbo\v-joint  the  follo\ving  anatomical  points  should  be  remem- 
^ed  :  (i)  The  lines  of  the  various  epiphyses.     (2)  The  position  of  the  ulnar  ner\'e 
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in  the  groove  between  the  internal  condyle  and  olecranon.  (3)  The  close  relation 
of  the  posterior  interosseous  nerve  to  the  hcad  of  the  radius.  (4)  The  post-operative 
value  (in  extending  the  forearm)  of  the  outer  aponeurotic  expansion  of  the  triceps 
and  of  the  anconeus  muscle.     These  should  be  carefully  protected  from.injury. 

Landmarks. — The  following  points  may  be  mentioncd  in  addition  to  those 
which  may  be  found  under  the  Humerus,  Radius,  and  Ulna  : 

A  line  from  one  condyle  to  the  other  will  be  at  right  angles  with  the  humeral 
axis,  biit  will  be  oblique  in  relation  to  the  axis  of  the  forearm. 

The  line  of  the  radio-humeral  articulation  is  horizontal.  The  line  of  the  humero- 
ulnar  articulation  is  oblique  downward  and  inward  ;  the  tip  of  the  internal  condyle 
is  therefore  froni  a  quarter  to  a  half  inch  farther  above  the  articular  line  than  is  the 
tip  of  the  extemal  condyle.  The  internal  condyle  points  backward  rather  than 
inward. 

The  length  of  the  articulation  line  is  about  two-thirds  of  the  length  of  a  line 
joining  the  tips  of  the  condyles.  In  semiflexion  the  external  condyle  is  easily  seen  ; 
in  acute  flexion  it  disappears,  and  the  rounded  capitellum  of  the  humerus,  with  the 
outer  edge  of  the  triceps  stretched  over  it,  can  be  seen  and  felt. 

The  Inferior  Radio-Ulnar  Joint. — This  articulation  has  been  dislocated  in 
a  few  instances,  in  most  of  which,  the  cause  having  been  extreme  pronation  of  the 
wrist,  the  lower  end  of  the  ulna  vvas  carried  backward,  projecting  on  the  back  of  the 
wrist  and  pointing  outward, — />.,  to\vards  the  middle  finger.  The  backward  dis- 
placement  probablv  involves  the  tearing  of  the  triangular  fibro-cartilage  and  a  rup- 
ture  of  the  posterior  radio-ulnar  ligament.  The  deviation  of  the  ulna  to  the  radial 
side  may  be  due  to  the  action  of  the  pronator  quadratus.  The  shallowness  of  the 
sigmoid  cavity  on  the  radius  favors  recurrence  after  reduction.  But  little  is  known 
of  this  injury. 
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THE  H  AN  D. 

The  hand  is  composed  of  the  carpus  or  wrist,  consisting  of  eight  small  bones 
vranged  in  two  rows,  which  is  succeeded  by  five  rays  of  four  segments  each, — 
aamely,  a  metacarpal  bone  and  three  phalanges,  excepting  the  thumb,  in  which  one 
piialanx  is  wanting. 

THE  CARPUS. 

There  are  eight  carpal  bones  arranged  in  two  rows  of  four  cach.  The  first  row 
includes,  named  from  the  radial  tovvards  the  ulnar  side,  the  scaphoid,  the  semi/unar, 
ihe  ^uneiform,  and  the  pisiform  ;  the  second  row,  the  trapesium,  the  Irapesoid,  the 
«  r^m^agnum,  and  the  unciform.  Exceplionally,  several  other  bones  may  occur,  due 
toKhe  persistence  of  centres  iaid  down  in  early  fcetal  life,  which  normally  fuse  with 
otli^r  centres  or  disappcar.  Thus  there  is  much  in  favor  of  the  view  that  the  plan 
oi  the  carpus  is  more  complicated.  This  point  is  further  considcred  in  the  dis- 
cussion  of  variations  (page  313).  The  pisiform  of  the  first  row,  whatevcr  may  be 
ils  vnorphological  significance,  is  in  man  practical1y  nothing  but  a  sesamoid  bone 
in  the  tendon  of  the  flexor  carpi  uhiaris,  resiing  on  the  palmar  surface  of  the  cunei- 
form,  and  having  no  share  in  the  mechanics  of  the  wrist  c.\cepting  as  giving  attach- 
ment  to  a  part  of  the  anterior  annular  ligament.  The  first  row,  thcrefore,  consists 
teallv  of  the  three  first-nientioned  bones,  vvhich  are  joined  into  one  flexible  piece  by 
inlerosseous  ligaments.  The  upper  end  of  this  conibination  bcars  an  egg-shaped 
aiticular  surface  for  the  wrist-ioint,  to  which  ali  three  lxjnes  contribute.  Its  lower 
side  has  a  concavo-convex  outline,  the  concavity  receiving  the  inner  two  bones  and 
the  convexity  bearing  the  onter  two  ol  the  second  row.  The  latter  consists  of  four 
bones  connected  by  ligaments  :  the  trapeziuin,  for  the  thumb  ;  the  trapezoid  and 
os  magnum,  for  ihe  next  two  fingers  ;  and  ihe  unciform,  for  the  ring  and  little 
fii^ers.  The  dorsal  side  of  the  caq>us  is  slightly  convex  and  ihe  palmar  deeply 
concave,  forming  by  its  middle  the  floor  of  a  deep  canal,  bridged  by  the  anterior 
antiular  ligament,  which  runs  betvveen  bony  elevations  on  each  side  of  the  carpus. 
To  sliorten  the  descriplion,  it  may  be  said  that  little  depressions  for  ligaments  can 
beseen  on  well-marked  bones  near  their  edges  on  the  dorsal  and  palmar  aspects, 
espe<:ially  the  former. 

The  scaphoid  [os  navicularej ,  or  boat-shaped  bone,  is  the  largest  and  most 
enternal  of  the  first  row.  It  is  a  flattened  elongated  disk  placed  with  the  long  axis 
ninnii^  outward  and  downward.  It  recei\'es  its  name  from  being  con\'ex  on  the 
upper  and  outer  side  for  the  radius  and  conca\e  on  the  opposite  side  for  the  head 
the    os  magnum.      Nearly  corresponding  with   the  long  axis  is  the  long  and  very 
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Fig.  121. 


'^Ow  dorsal  sur/acc.  The  palmar  surfa 
™  *>uter  end  rises  into  the  lubcrositv  of  the 
*"nular  ligament  sprinj-s,  The  convcx  pr 
"J^ciilar  ;  the  inner  edge  is  siraight,  the  do 
^«5  to  encroach  on  the  dorsal  surface. 


-e  is  broader.  runs  more  downtt'ard,  and 
icaphoid,  from  «hich  part  of  the  anterior 
rvimal  surfacf  for  the  radius  is  wholly 
■sal  and  palmar  convergc  c\ternally  ;  it 
Internallv  there  are  tno  surfaces,  both 
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articuUr  :  the  upper,  very  narrow,  articuljites  at  its  Iower  border  with  the  semilun 
and  aivKS  attachmcnt  alx>\'i.-  to  the  tibro-cartiUi{;inuiis  liganicnt  cunnecting  the 
lx>nL-3 ;  the  low€r  is  an  elongatcd  cavity  enibracing  part  of  ihc  top  and  the  out 
sidc  of  the  head  of  the  os  ma^niiin.  The  aufer  surface,  cominiious  with  the  dorsui 
is  a  sniall  groove  for  the  lateral  li(ramciit  of  the  wrist.  The  distal  surface,  formii 
the  convexity  of  the  medio-carpal  joinl.  articulates  with  the  trapezium  and  trap«zoi 
It  is  convcx  in  ali  dircctions.  The  scaphoid  articulates  withy)ir  boncs, — the  radiu 
semilunar,  trapezium,  trapezuid,  and  us  nia^^num. 

The  semilunar  [os  lunatum]  receivi-s  its  name  irom  its  ouiline  uhcn  seen  fro 
the  side,  the  proxinial  surfact  bcing  conve.t  and  the  distal  deepiv  concave.  T) 
dorsal  surfacc  is  quadrilateral.     Its  proximal  and  inncr  borders  are  longer  than  ti 
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others,  so  as  to  make  it  kitt-shapcd,  the  long  axis  running  distallv  otitward.  TI 
t»o  sfinrtPr  surfaces  imet  at  an  overhan);inj;  point.  The  palmar  sur/ace  is  of  ti 
Kime  jjL-ncriil  sliapt,  lis  lurjjer  distal  portlon  is  smooth  as  for  a  burs;i.  The^»w.» 
mal  siir/aa-  is  c(in\ex  and  artioulrtr.  ctiiefly  for  the  ra<liiis  ;  but,  extending  under  ti 
trianfjiil.ir  i;irtil.ini-,  ))road('st  at  the  siuphoid  eds«.'.  it  narrnvvs  internallv.  The  co 
ca\c  distii/  siirfaci-  is  divided  by  a  rid^je  into  a  larjjer  part  for  the  os  nia^rniim  and  i 
inner  fi>r  tbi'  cdj-e  of  the  tiiicifonn.  An  oiilcr  sur/ari-  articidatL-s  with  the  scapho 
iind  an  iriiurv;\\.h  the  ciineiform.  Itoih  are  scmilnnar,  bnt  the  onter  is  the  mo 
slender.  Hoth  are  nearlv  plane  and  practically  wh"lly  articular,  thcre  being  bnt 
slii;ht  rontjliiiess  for  tlie  interosseoiis  lij^aments  at  thi-  prosimal  cnd  near  the  dorsur 
The  semilimar  articulates  with  yl":r  Uines, — the  radiiis,  scaphnid,  cnneifnrm.  < 
magnum,  and  uncifonn. 

The  cuneiform  [os  triqMclnim] .  ur  f>y>aniidal,  is  nf  suoU  form  that  the  latt 
name  is  thi-  more  tittinj;.  The  base  is  the  iirlirnlar  snrfaci-  for  the  semilunar  ;  ti 
a(>f\-  is  at  the  inner  siile  of  the  wrisl.  The  l^ise  is  plane  and  artirular  exccpt  whe 
tlic  interossifius  ligament  joins  it.      The  dorsal  surface  is  narrow  and  not  dcar 
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separal.d  fjnm  ihe  pr..xinial  im  th«-  mart-rated  l>ono.  The  pro\hmil  surface  is 
triangle  \viih  ihe  hise  inw.ird,  and  h;is  n<  ar  thi-  base  a  srnaller  irraniile  ofarticnl 
snrf.ue  f-.rlhe  irianj,'nlar  larlilai;!'.  The  iinier  half  of  ihe/,i/w-j»-  surfarf  is  occupi« 
l>y  a  ninnd  fairt  for  th<'  pisifonn.  The  dittal  siirfai,-  is  a  verv  iomplexly  cnr\"< 
artirular  faret  for  the  nnriform.  h  siinKest-.  a  saddl.-joini  ihal  bas  l>een  spiral 
twi-.led.     A  transverse  seelinn  cif  tbi>  siirf.iee  is  ioncavn-tiinve\  from  uithnut  inwar< 
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A  veitical  section  near  the  outer  end  is  concave,  near  the  inner  convex.  It  is  prac- 
tically  a  screw  surface.  A  small  part  uf  the  inner  side  is  non-articular.  The  iniier 
sur/aee  is  the  apex  of  the  pyramid,  a  small  knob  for  the  lateral  ligament.  The 
cuneiform  articulates  with  Ihree  bones, — the  semiiunar,  pisiform.  and  unciform, 

The  pisiform  [os  pisiforme]  is  a  small  rounded  bone.  rough  everywhere  except 
where  the  greater  part  of  one  surface  is  occupied  by  a  round,  slightly  concave  articu- 
lar  facet  which  joins  the  palmar  aspect  of  the  cuneiform.     The  facet  is  at  the  proxi- 
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mal  part  of  the  dorsal  surface.  the  bone  projecting  from  it  Ao\ 


■ard.  forward,  and 


arpal  bones.     The  pisiform 


invard,  lying  in  a  plane  anterior  to  that  of  the  c 
aiticulates  with  only  one  bone.— the  cuneiform. 

The  trapezium  [os  multaiiEulum  majusj  is  distinguished  by  an  isolated  facet 
on  the  distal  sur/ace  for  the  metacarpal  bone  of  the  thumb.  This  surface  is  that  of 
a  typical  saddle-joint,  concave  from  sidc  to  sido  where  the  borders  are  most  raised  ; 
convex  from  before  backward  ;  broadest  transvtrseh-.  The  firo.vimal  sur/ace  is  a 
four-sided  concavity  for  the  scaphoid,  separatcd  by  a  ridge  from  the  inner  surface. 
The  inner  surface  is  subdivided  :  the  pro,\inial  portion,  much  the  larger,  is  an 
articular  concavity  for  the  trapezoid  ;  the  distal  portion  is  rough  except  for  a  lacet 
at  the  dorsum  for  a  part  of  the  side  of  the  second  metacarpal.  The  outer  surface  is 
concave,  receiving  the  lateral  ligament.  The  dorsal  surface  is  elongated  from  side 
to  side,  slightly  hollowed  in  the  middie,  \viih  a  variously  developed  tuhiercle  on 
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ei«:  l^e^  side.  On  the  palmar  surface  is  a  dcep  groove  for  the  tendon  of  the  flexor 
ca.»-pi  radialis.  Just  beside  ihis  is  a  promintut  ridgc  at  the  junction  with  the  externai 
su  M-iace  for  a  pari  of  the  outer  insertion  of  the  jjalmar  annular  ligament.  The  trape- 
^»»-M  ■narticulateswith/f«/' bones. — the  scaphoid,  trapezoid.  and  tirst  and  second  meta- 
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The  trapezoid  [os  ntultanculuni  minus]  is  best  recr 
**^ich  is  poinled  distally  »herc  it  projects  into  the  set 


best  recognizcd  by  the  dorsal  surfac 


border  against  "the  trapezium  is  nmch  longer  than  the  inner  against  the  os 
'^^^»Snum.  -The  pro.viinal  border  runs  obliquely  fnrward  and  inward,  The  small 
^'"^■dmar  surface  is  irregijlarlv  quadrilateral,  Thič piovima/  surface  is  a  quadrikitL-raI. 
!j5^^»rlv  plane,  facet  for  the  scaphoid,  longer  from  dorsum  to  pahn  than  transversely. 
.*  *~»  «-  distal  surface.  entering  the  base  of  the  second  metacarpal,  is  divided  by  a  ridge 
*ijt^  two  facets,  concave  from  dorsiun  to  palm.  of  which  the  inner  is  the  longer. 
^^«  interna!  surface,  in  the  main  concave.  articulates  with  the  liudy  of  ihe  <w  nwg- 
^^tn.  bul  haa  a  nnn-articular  surface  near  the  dorsum  for  an  interosseous  liganu-nt. 
*  Vie  outer  surface  is  mostly  articular  and  slightly  convex,  joining  the  trapezium  ; 
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distally  and  towards  the  palm  there  is  a  rougti  surbce  (ur  li^ments.     The  styloid 
process  of  tlic  third  iiielacarpal  utten  reacheii  the  dorsal  aspect  uf  the  trapezoid 
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between  the  os  magnum  and  the  sccond  metacarpal.    The  trapezoid  articulates  with 
/our  bones, — the  scaphoid,  trapezium,  os  mngnuin.  and  second  metacarpal. 

The  os  magnum  [os  capitatum]  is  the  largest  bone  oi  the  catpus,  and  possesses 
a  head,  neclc,  and  body.  The  head  is  a  rounded  articular  eminencc  at  the  proximal 
end,  playing  in  a  socket  formed  by  the  scaphoid.  semilunar,  and  unciform.  The  con- 
vex  articular  surfacc  extends  much  farthcr  on  the  dorsal  side  than  on  the  palmar.  A 
faint  line  abo\e  often  separatcs  the  part  resting  on  the  sca|)hoid  from  that  resting  on 
the  semilunar.  The  formcr  extcnds  down  the  oiiter  side  o(  the  head.  The  inner 
side  of  the  head  is  a  sharply  cut  plune  surface  articulating  uith  tlic  unciform.  The 
neek  is  a  constriction,  best  marked  on  the  dorsal  aspect,  gcncrally  seen  on  aH  sides 
except  the  inner.  The  distal  surface,  broader  on  the  dorsal  end,  faces  a  little  out- 
ward.  It  is  whn11y  articular,  bearing  the  third  metalarsal  bone.  A  groove  in  the 
plače  of  the  outer  angle  receives  the  edge  of  the  second  metatarsal.  A  smaller 
surface  for  the  fourth  exi5ts  at  the  inner  angle  just  t)elow  the  dorsum.     The  dorsal 
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surface  shovs  the  head,  and  distally  to  it  a  sharp,  s1ightly  concavc  inner  border,  a 
shortcr  outer  one,  and  a  distal  one  slanting  downward  and  innard.  so  that  the  outer 
angle  is  obtusc  and  the  inner  wou1d  be  acute,  but  that  the  point  of  the  angle  is 
replaced  by  a  small  horder  touching  the  fourth  metacarpal.  The  fialmar  surface  is 
narrow  anil  prominent  belo\v  the  ncck,  The  ittncr  surface  is  rough  for  a  ligament 
near  the  palmar  border  :  al)Ovc,  it  has  a'narrow  articular  surface  for  the  unciform. 
conliniious  with  that  on  the  hoad.  The  outer  surface  has  a  small  .1  rtiču  lat  ion  »ith 
the  tnipezoid,  whii-h  cxccptii>nally  is  continiious  with  the  faiet  on  the  head.  The 
os  magniim  articulates  with  sercn  bones. — the  scaphoid,  semilunar,  trapezoid,  unci- 
form. and  second.  thini,  and  fourth  metacarpals.  , 

The  unciform  [os  hamatuni]  is  distingulshed  by  a  j>ri)minent  hook  projecting 
from  the  innir  side  nf  the  |>ahnar  surface  for  a  part  of  the  annular  ligament.  Tlie 
dorsal  surface  is  ncarly  or  niiite  triangular.  It  pr^-sents  an  obIi<iue  pro.fimal  border, 
a  ncarly  st^;ii^;ht,  but  often  convex.  miler  one,  and  a  dLstal  one  tcnding  to  meel  the 
inner  i-nd  <i(  thi'  proximal  txirdtr.  Shoiild  they  mett.  the  surface  is  triangular  ;  but 
miire  i.licn  tlure  is  a  very  short  inner  border  st-paraling  them,  «hich  is either  straight 
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"or  «:oncave.  The  palmar  surface,  of  about  the  same  shape  as  the  dorsal,  presents 
eic  t<rnaUy  a  deep  groove,  a  pari  of  the  canal  for  the  flexor  tendons,  overhung  inter- 
na.Hy  b/  the  unci/orm  process,  which  has  a  broad  outer  and  inner  surface,  the  former 
«>»^cave  and  smooth,  the  latter  convex.  The  free  border  of  the  hook  presents  a 
CM  »T^ed  oudine  from  the  inner  side.  The  rounded  edge  between  the  proximal  and 
oi-aC:er  surfaces  rests  against  the  semilunar.  The  proximal  surface  is  a  spirally 
t*i'isted,  oblong  facet  corresponding  to  the  adjacent  slde  of  the  cuneilorm,  with  a 
pc-«»[ninent  convexity  at  the  proximal  end.  The  ouler  surface,  rough  at  the  distal 
ar»<J  palmar  angles  for  an  inieroaseous  ligament,  is  elsewhere  articular  for  the  03 
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n^^fnuin.  The  dislal  surface,  wholly  articular,  bears  the  fourth  and  tifth  metacarpals, 
a  ridge  marking  the  inierspace  between  them.  The  surface  is,  in  the  main,  convex 
from  side  to  sijie  and  concave  from  dorsum  to  palm.  Ofien,  however,  the  part  for 
th  ^  fourth  6nger  is  concave  from  side  to  side  and  convex  in  the  other  direction, 
TJ-»«  distal  surface  may  meet  the  proximal  at  a  sharp  border,  or  a  very  narrow  rough 
Si»«-iace  may  intervene.  The  imciform  articulates  with  five  bones, — the  semilunar, 
CUBM^eifonn,  os  magnum,  and  fourth  and  tifth  metacarpals. 

Development  and  Variations.  — In  early  fcetal  life  centres  appear  for  the 
alxz»ve-described  carpal  bones.  and  aiso  for  many  others,  which  disappear,  or  are 
fu^^^  with  the  usual  ones,  long  before  the  appearance  of  bone.  Additional  carpals 
(lc-ii>end  either  on  the  persistence  and  Subsequent  ossification  of  centres  that  normally 
ar^  lost  or  on  the  separate  development  of  Uvo  or  more  that  should  fuse.  The 
n»»Tiiber  of  carpal  elements  is  put  by  Pfitzncr'  at  thiriy-lhree.  He  arranges  the 
e»r»stant  and  possible  bones  in  (i\'e  rows  :   (i )  an  anUbrachial  rotv,  čonsisting  of  an 

ossification  in  or  on  the  triangular  cartilage,  representing  the  os  intermejium,  and  a 
litt:l<  apparent  outgrowth  from  the  pisiform  ;  (j)  a  pro.vimal  rim\  čonsisting  of  ihe 
nontial  bones  and  certain  subdivisions  o(  ihe  scaphoid  and  cuneiform  :  (3)  a  cenirai 
'"'**«'.  composed  entirelv  of  occasional  bones  ;  (4).  a  dislal  rou\  composed  of  the  iour 
norTnal  bones  plns  a  minute  metasivloid ;  (5^  a  carpo-mctacarpal  row,  composed 
*'**^»rely  of  occasional  bones.  The  most  common  anomalv  is  the  appearance  of  a 
"y^^«id  bone.  which  is  the  separated  stvloid  process  of  the  third  metacarpal.  The 
^^^^utyIoid  of  the  fourth  row  is  a  minute  bone  representing  the  very  tip  of  ihc  styloid. 
,  ^»T  rarely  the  scaphoid  is  divided  into  a  radial  and  an  ulnar  part.  The  os  centrale 
^  *lie  pereistence  of  stili  anolher  piece,  «hich  normally  either  joins  the  scaphoid  in 
^^  third  monih  of  fcetal  life  or  disappears.  It  apparentlv  is  composed  of  a  dorsal 
^^'^  a  palmar  element,  of  which  the  latter  is  the  more  subject  to  degeneration.  The 
T*  magnum  contains  two  elements  exccedingly  rardv  found  disiinct,  the  subeapi- 
l''<w  on  the  distal  end  of  the  jjalmar  surface  and  the  siibcapilaiitm  secundarhitn 

^*">Tiing  the  inner  distal  angle  of  the  dorsum.     The  hook  of  the  unciform  mav  be 

J    Iiarate.     Fusion  may  occur  betwecn  bones  normally  distinct.     The  semilunar  may 

^S^  with  the  cuneiform,  espLciallv  in  negroes. 

OssificatioH  occiirs  from  one  centre  for  each  bone  ;    but  according  to   some 

*^thorities,  the  unciform  and  the  scaphoid  have  two  centres.      The  former  and  ihe  os 
'  Zeitschrift  fiir  Morphologie  und  Anihropol.,  Ikl.  ii.,  igou. 
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magnum  are  the  first  to  ossiiy,  the  process  beginning  in  the  latter  part  of  the  firat 
year.  The  ordcr  of  its  appearance  in  the  other  bones  is  very  uncertain,  Those  of 
the  first  row,  excepting  the  pisiform,  contain  bone  by  the  eiid  of  the  first  five  or  sbi 


:Ki 


„-i>iinij  f.  uncilnrm;  d,  cjncHof 
,  tHHMiif  miildlepnalntiRiii:  n.  |ii«il<>nn. 


viiars.  Thfse  are  fnllo««!  I)y  tlio  trapc/iiini  and  the  tnipe/oul,  so  thal  by  the  ei);hth 
yi.iir  tlu'  jiroc^-ss  has  begun  in  ali  the  car[)ali>  save  the  pisiform,  in  which  it  begins 
about  the  twelfth  year. 

THI-:  MKTACARPAI.  BONKS. 
Thi-  initacarpal  l»>ne  of  thu  thtiiiil> '  in  luaTiv  respetts  resomhlos  a  phalanx  and 
calls  fiir  a  separati'  ik-acription;  the  oilitrs  liave  the  follortiiij;;  points  in  coinmon. 
Thev  |MissL-ss  a  shaft '  and  {«.»  c,\treniitiw,  of  which  the  ])r(>xim:il  is  the  6asi-  and  the 
dist;(l  thr  hrad.^  ]-'aeh  fmsi- '  has  an  artictilar  snrface  at  the  erid  to  juin  the  carpns  and 
one  on  ibe  sitle  or  sidi.-s  that  rnme  iiito  rontact  wilh  the  olhiTnu-taiar]ia!  bones,  uith 
a  clepn-ssiiin  for  an  inlerosseous  li^ament  bevond  it.  'Ilu-  Uises  tliemselves  are 
cnbieal  and  n-ii^h  l».th  almve  and  iieli.w.  Thi-  s/ia/f  narrcms  in  front  of  the  base, 
an<l  has  a  mi-iHaH  liorsal  ridffi-.  \vhit'h  siHin  dividcs  into  Iho  hnes  riinning  to  cither 
^ide  of  the  head,  thtis  lionndin^  a  luni;,  tial  dnrsal  surfare  mviipvin);  more  than  half 
tlie  lw>ne.  A  pahnar  rid^r  nnis  neariv  tlu-  uliolc  Kiinth  of  the  shaft,  dividinf^  ^■ery 
near  the  head  inii>  two  faint  hnis  tn  i-ither  siile  of  it.  Thiis.  near  the  base  the 
shaft  mav  1m-  rall.-d  rvhndrioal.  «ith  a  ridi;<;  above  ami  lulow,  while  farther  fomard 
it  has  a  d(>rs;d  and  twi>  lateral  sides.  This  description  appht-s  most  doaelv  to  the 
lKin<'  "f  the  iniles,  and  iK^t-finu-s  less  and  lirss  aeeurate  as  we  proceed  tO  the  little 
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finger.  The  distal  end  or  head  has  a  rounded  articular  surface  projecting  to  the 
palmar  side,  while  it  does  not  rise  above  the  level  of  the  dorsum.  Both  011  the  palmar 
and  dorsal  aspects,  but  especiallj-  on  the  former,  its  angles  are  produced  backward, 
and  the  whole  surface  encroaches  a  iittle  more  on  the  palmar  side,  where  it  is  de- 
ddedly  broader  than  on  the  baclc.    A  tubercle  exists  on  each  side  where  the  diverging 


Fig. 


"Tiea  o(  the  dorsum  end,  «ith  a  dtprcssion  belinv  it  011  the  side  of  the  head.  1 
**"al  liga  men  ts  spri  ng  (rom  both  tuht-rcle  and  depression.  The  h  u/rit»i /trr 
^'^cepting  that  of  the  first  metat arsiil.  ari.-  rccurrcnt,  runjiiiig  toivards  the  prosimal  ciid. 
Peculiaritics  of  the  DifTerent  Metacarpals. — The  lirst  nietacarpal  is 
*Hortest,  the  second  longest.  froin  whirh  the  remaining  ones  decrease  in  length 
'•"Om  without  inuard.     The  chief  distinguishing  marks  are  on  the  bases. 
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The  first  metacarpal,  shortcr  than  thc  utlicrs,  has  a  nearly  flat  dorsal  surface 
boundcd  by  two  dclinite  borders,  of  nhich  thc  outer  is  the  sharper.  The  palmar 
surface  of  the  shaft  is  overhung  by  the  ends.  It  is  thickest  and  most  convex  towards 
the  inncr  side.  These  Uvo  {Kiints  art  thc  best  guides  to  dctcrtnine  the  sidc  the  bone 
belongs  to.     The  diflcrcnce  is  strikiiig  \\\  a  transverse  section.     Thc  base  is  broad 

Kic.  339- 


Fli*.  ^r^tatd.  iigtt 


and  rtins  tO  a  jmiiit  ini  ihe  jNiliiiar  aspcct  rathi- 

for  the  (-a|)si)]c  siirmiiiids  ihc  joint,  mul  on  thi-  i> 

of  thc  <-\tinsorof  thc  Ikhh-.     Thc  artinilar //-n.v 

aiiil  conrave  fmm  ahovc  dnHnward.  forminy  a  tvpi. 

Thc  kead  is  aiso  broadcr  froni  side  to  sidc     The  artioii 


i  de.     A  jjroove 

for  thc  tendon 

C"iivc,\  frorii  sidc  to  side 

joint  iviih  tlic  trapcziuni. 

siiriacc  is  carried  only  a 
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little  way  onto  the  dorsum,  but  bends  strongly  fonvard,  ending  in  two  lateral  pro- 
longations  with  a  notch  between  them,  on  each  of  which  a  sesamoid  bone  plavs. 
The  outer  of  these  is  the  more  prominent.  The  nutrient  foramen  runs  towards  the 
distal  end. 

The  second  metacarpal  has  a  base  which  is  triangular  when  seen  from  the 
end,  and  forked  to  straddle  the  point  of  the  trapezoid.  On  the  outer  side  is  a  small 
square  facet  near  the  dorsum  for  the  trapezium  ;  on  the  inner  side  there  is  a  narrow 
oblique  surface  for  the  os  magnum,  and  in  front  of  it  one  showing  a  tendency  to 
subdivide,  articulating  with  the  next  bone. 

The  third  metacarpal  has  an  oblong  proximal  surface,  broadest  on  the  dor- 
sum, where  a  tubercle,  the  styloid  process^  projects  tovvards  the  trapezoid.  We  have 
found  the  third  metacarpal  touching  this  bone  in  forty  per  cent.  of  100  specimens, 
and  sometimes  this  occurred  when  the  styloid  process  was  not  particularly  developed. 
Externally  there  is  a  facet  like  the  lower  part  of  the  inner  one  of  the  second,  and 
intemally  a  double  one  to  meet  the  next. 

The  fourth  metacarpal  has  a  nearly  square  upper  surface  articulating  with 
the  unciform,  and  therefore  of  uncertain  nature, — sometimes  convex,  sometimes 
concave.  At  the  outer  dorsal  angle  of  this  surface  is  a  small  distinct  facet  for  a  joint 
with  the  os  magnum.  On  the  outer  side  are  two  facets  for  the  third,  and  on  the 
inner  a  long  one,  concave  from  dorsum  to  palm,  for  the  fifth. 

The  fifth  metacarpal  has  a  base  generally  broader  than  deep,  concave  from 
side  to  side  and  convex  from  above  do\vnward.  A  single  facet  on  the  outer  side 
has  a  convexity  to  meet  the  concavity  on  the  fourth.  The  inner  side  has,  of  course, 
no  facet,  but  a  tubercle.  The  dorsal  ridge  on  this  bone  is  tvvisted,  starting  from  the 
inner  side. 

Developnx^nt. — Each  bone  has  two  centres,  a  primary  one  for  the  shaft, 
app)earing  early  in  the  third  month  of  fcetal  life,  and  one  for  an  end,  appearing  in  the 
third  year.  The  secondary  centre  is  for  the  distal  end  in  the  four  inner  metacarpals 
and  in  the  proximal  of  the  first, — that  is,  at  the  end  touards  which  the  nutrient 
artery  does  not  run.  They  fuse  at  aboiit  eighteen.  Rarelv  smaller  epiphyses 
appear  at  the  other  ends  also,  as  in  mammals  generally.  A  centre  for  the  styloid 
process  of  the  third  is  sometimes  scen,  and  it  may  become  distinct,  as  an  extra  carpal 
bone,  or  it  may  fuse  with  one  of  the  adjoining  ones. 

THE   PHALANGES. 

Peatureš  of  Each  Bone. — The  phalanges  *  of  the  first  and  second  row  differ 

(except  in  size)  only  in  the  proximal  ends.     The  dorsum  of  the  shaft  is  rounded 

from  side  to  side  ;  \\\e  paimar  surface  is  flat  \vith  raised  edges  for  the  sheaths  which 

"bind  down  the  tendons  very  closely.     It  is  considerably  overhung  by  the  distal  and 

somewhat  by  the  proximal  end.     The  nutrient  foramen,  when  present,  runs  dista]ly. 

The proxtmal  end  oi  ihefrst  row  is  a  concave  articular  surface,  broadest  trans- 
versely.  A  groove  runs  round  the  end,  except  on  the  palmar  surface,  for  the  cap- 
sule  and  for  fibres  from  the  cxtensor  tendons  of  the  fingers  on  the  dorsum.  Two 
yery  slight  inequalities  in  front  mark  the  attachmcnt  of  the  glenoid  ligament.  There 
is  a  rough  tubercle  on  each  side,  just  below  the  groove  for  the  partial  insertion  of 
the  interosseous  muscles.  The  distal  end  in  both  the  first  and  second  rows  has  an 
articular  surface  vvhich  curves  over  t\vo  condviar  prominences,  separated  by  a  median 
furrow,  onto  the  palmar  aspect.  This  surface  is  seen  on  the  dorsum  only  as  a  small 
curved  median  facet  which  broadens  as  it  passes  o\er  the  end  and  continues  to 
expand  to  its  termination.  The  lateral  borders  of  the  joint  are  well  defined.  A 
depression  with  an  overhanging  tubercle  is  on  each  side  of  this  end  ;  both  depression 
and  tubercle  give  attachment  to  the  lateral  ligament. 

The proximal  e?ids  of  the  second  and  third  roivs  are  essentiallv  the  same.  They 
differ  from  that  of  the  first  ro\v  because,  \vhile  the  latter  fits  onto  the  single  rounded 
end  of  a  metacarpal,  those  of  the  two  distal  rows  fit  onto  double  condvlar  ends. 
Thus  the  proximal  articular  surface  presents  a  median  elcvation,  separating  two 
hollows,  continued  into  a  projecting  point  on  the  surface  front  and  back.  In  the 
phalanges  of  the  second  ro\v  the  dorsal  point  is  the  larger  ;  in  the  last  row  the  points 

*  Phalaages  dlgltomm  maaoa. 
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are  about  eqiial.  In  the  last  row  the  palmar  point  is  at  a  lower  level  than  the  rough- 
ness  that  succceds  it.  There  is  a  transverse  ridgc  in  both  on  the  dorsal  aspect  for 
extensor  tendons  ;  the  flcxor  tendons  are  inserted  on  the  palmar  side  to  a  slight 
ridge  on  the  second  phalanx  and  to  a  roughness  spreading  considerably  on  the  shaft 
of  the  terminal  one. 

The  phalanges  of  the  third  row  are  much  smaller  and  flatter  than  the  preceding. 
The  dorsum  of  the  diminutivc  shaft  is  convex  from  side  to  side  and  its  palmar  aspect 
plane  where  not  encroached  upon  by  roughnesses.  The  free  end  is  sharp  and 
rounded,  with  points  at  each  end  projecting  backward.  The  dorsal  distal  border 
bears  a  narrovv  semilunar  roughness  ;  a  much  broader  one  on  the  palmar  side  sup- 
ports  the  pulp  of  the  end  of  the  finger,  giving  firm  attachment  to  the  connective 
tissue. 

Peculiarities  of  Individual  Phalanges.— Every  phalanx  of  the  first  row  is 
longer  than  any  of  the  second  row.  The  tirst  and  second  phalanges  of  the  middle 
finger  are  longer  than  the  corresponding  ones  of  the  ring  finger,  which  in  turn  sur- 
pass  those  of  the  index.  Those  of  the  little  finger  are  the  smallest.  The  terminal 
phalanges  are  of  very  nearly  the  same  length. 

The  phalanges  of  the  iirst  row  have  the  following  peculiarities.  That  of  the 
indeX'finger  has  a  verv  large  external  tubercle  at  the  dorsum  ;  the  hollow  at  the  base 
is  deeper  than  that  of  any  other  ;  the  biise  is  relatively  strong  compared  with  the  shaft, 
which  is  flatter  than  any  other.  The  phalanx  of  the  middle  finger  is  strong  in  ali  its 
parts ;  there  is  a  large  extcmal  tubercle,  often  divided  into  a  dorsal  and  a  [>almar  part ; 
at  the  distal  end  the  ulnar  condvle  is  more  prominent.  The  phalanx  of  the  ring 
finger  has  the  base  relatively  small  and  the  condyles  relatively  large,  so  that  the 
borders  are  nearly  paraliel  ;  the  dorsum  is  more  convex  transversely  than  that  of  the 
third,  and  much  more  so  than  that  of  the  index  ;  it  is  also  narrow^r.  The  phalanx 
of  the  little  finger  is  weak,  narrovving  rapidly  so  as  to  appear  pointed  ;  there  b  a 
tul>ercle  at  the  inner  and  dorsal  side  of  the  base,  and  the  radial  condyle  is  the  more 
projecting.  One  cannot,  therefore,  determine  to  which  side  the  phalanx  of  the  ring 
finger  belongs. 

In  the  second  row  the  phalanx  of  the  middle  finger  is  a]ways  stronger  than 
that  of  the  ring  finger,  and  the  latter  than  that  of  the  index.  According  to  Pfitzner,' 
the  distal  ends  are  the  more  characteristic.  In  the  second  finger  the  radial  condyle 
is  the  more  prominent  ;  this  is  also  true  in  the  third,  but  to  a  less  degree  ;  the  ulnar 
condyle  is  the  larger  in  the  fourth,  and  stili  more  so  in  the  fifth. 

The  distal  or  terminal  phalanges  can  be  distinguished  more  surely  by 
strength  than  by  length  ;  the  third  is  the  strongest  ;  then  comes  the  fourth  ;  next 
the  second.  which  is  more  or  less  pointed  ;  and  last  the  fifth,  which  is  relativelv 
weak.  These  characteristics  are  to  be  used  with  great  caution  in  drawing  diHerential 
deductions. 

Development. — The  phal«inges  have  each  a  centre  for  the  shaft  and  one  for 
the  proximal  end.  The  formcr  ap|)ears  in  the  latter  half  of  the  third  month  of  foetal 
life  at  about  the  same  time  in  the  terminal  and  proximal  rows.  Probably  the  termi- 
nal row  shows  ossification  somewhat  earlier  than  the  other  (Bade).  The  centres 
for  the  sec<md  phalanges  appear  after  a  distinct  interval  alK)ut  the  middle  of  the 
fourth  month.  In  Ijoth  the  first  and  second  rows  the  centre  appears  nearer  the 
proximal  end.  It  is  said  that  in  ali  the  rows  ossification  lx^ins  in  the  middle  finger, 
next  in  the  index,  and  later  in  the  ring  and  little  fingers  ;  there  is,  however,  con- 
siilerable  variation.  The  centre  for  the  second  phalanx  of  the  little  finger  is  dis- 
tinctlv  later  than  the  others.  Ossification  l>egins  in  the  epiphvst^s  in  the  third  year 
or  later.  They  are  fused  by  eighteen.  In  addition  to  the  proxim.il  epiphyses,  the 
terminal  phalanges  have  each  a  distal  cap-like  ossification  of  perichondrisJ  origin, 
which  <]uickly  joins  the  shaft. 

Sesamoid  bones'  occur  in  the  metacarpo-phalangeal  joints.  In  the  foetus  of 
the  fourth  month  thev  are  very  numerous,  but  man  v  disappear  by  fusion  or  other- 
uise  during  development.  A  i>air  is  constant  in  the  j<»int  of  the  thumb.  They  are 
two  lx)nes  of  variablc  si/e,  in  general  rather  larger  than  a  small  |)ea.  lying  on  the 
{Kilmar  side  of  the  head  <»f  the  first  metacar|)al.     The  tendon  of  the  long  flexor 

'Schwalbe*s  Morpholog.  Arbeitcn,  Ikl.  i.  and  ii.,  1893. 
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them.  They  each  have  one  cartilage-covered  surface  against  the  bone  and 
othenvise  surrounded  by  fibrous  tissue.  A  small  one  on  the  radial  side  of  the 
](^£xit  of  the  index-finger  occurs  in  rather  less  than  half  the  cases,  and  one  on  the 
tli  B^mar  side  of  the  little  finger  in  rather  more  than  four-fifths.  Pfitzner  *  gives  the 
fol.lowing  table  of  percentages  showing  the  frequency  of  the  various  sesamoid  bones, 
K^ibining  his  work  and  that  of  Thilenius  : 


Fc^mJtrth-month  fcetus  .   . 
Fc^  v-uteen  to  ninety  years 


Number 
of  Haiids. 


30 
1323 


Thumb. 


Rad.      Ulu. 

100         100 

99.9     100 


Index. 


R. 
46 
47.8 


L. 

23 
O.  I 


Middle. 

Ring. 

R.        L. 

30         15 
1.5       0 

R.       L. 

23     30 
0        O.I 

Little. 


Rad. 

Uln. 

15 
2.3 

63 
82.4 

IS 

th< 

th« 

d» 

th 

ra< 

of 


Variations  in  the  number  of  the  fingers  are  generally  regarded  as  malforma- 
s.  The  most  common  occurrence  is  an  extra  finger,  the  identification  of  which 
ot  certain.  It  seems  often  as  if  we  should  content  ourselves  with  saying  that 
is  an  extra  finger,  but  that  no  particular  one  has  been  repeated.  Sometimes 
thumb  has  three  phalanges.  Occasionally  any  of  the  terminal  phalanges  is 
bled.  A  very  uncommon  condition  is  that  of  seven  or  eight  fingers  and  no 
xnb.  The  dissection  of  such  a  čase  revealed  the  absence  of  the  radius  and  of  the 
ial  side  of  the  wrist,  the  skeleton  of  the  forearm  consisting  of  tvvo  ulnae,  and  that 
lie  hand  of  the  ulnar  sides  of  two  opposite  ones  fused  together. 

PRACTICAL    CONSIDERATIONS. 
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The  Carpus. — Of  the  carpal  bones  the  scaphoid  and  semilunar  are  most  fre- 
qi*^ndy  broken,  on  account  of  their  more  direct  relation  to  the  line  of  transmission 
of  force  in  falls  upon  the  hand.  The  diagnosis  is  difficult,  and  has  been  made 
of^^nest  by  the  help  of  a  skiagraph.  Thcre  is  but  little  displacement.  The  other 
lx>¥-»es  of  the  carpus,  on  account  of  their  shortness,  irregular  and  rounded  shape, 
an<i  compact  union  by  strong  ligaments  which  yct  permit  .slight  movements  be- 
tu* ^j^n  the  bones,  usually  escape  injury  except  in  cases  of  crush  of  the  whole  hand. 
Thi^y  are,  however,  not  infrequently  the  seat  of  tuberculous  disease,  as  might  be 
c-^p>ccted  from  their  great  liability  to  traumatism  of  ali  grades.  Their  synovial  re- 
fations  (Fig,  342)  favor  the  spread  of  such  disease  from  one  bone  to  the  remainder, 
an<dl  render  conservative  treatment  unsatisfactory.  The  result,  too,  is  afiected  by  the 
proximity  of  the  flexor  and  extensor  tendons,  which  become  involved  in  the 

rculous  process  or  bound  down  by  adhesions. 

The  Metacarpus. — The  first  metacarpal  bone,  which  is  morphologically  a 
lanx,  is,  like  ali  the  phalanges,  developed  from  an  epiphysis  situated  at  its 
P''c:>3<imal  end.  But  one  čase  of  disjunction  has  been  recognized  during  life.  It  re- 
^^'^^  l)led  a  dislocation  at  the  carpo- metacarpal  joint,  but  the  seat  of  abnormal  move- 
"^^»^t  was  below  the  level  of  the  lower  edge  of  the  trapezium.  In  the  remaining 
"*^^scarpal  bones  the  epiphysis  is  situated  at  the  distal  extremity. 

Falls  upon  or  striking  \vith  the  closed  fist  tend  to  produce  forward  displace- 
™^*^t.  As  the  metacarpal  bones  of  the  index-,  middle,  and  ring  fingers  are  the 
^^'^lS'^r.  their  epiphyses  are  more  likelv  to  be  separated  in  this  manner.  A  fall  on 
^"^  «xtended  fingers  and  metacarpo-phalangeal  region  may  cause  backward  displace- 
"^^•^t,  though  this  is  rarer. 

The  diagnosis  from  dislocation  of  the  proximal  phalanges  is  not  easv.  It  is 
^*^^  by  the  recognition  of  *'  muffled  crepitus"  (Poland)  and  by  the  great  tendencv 
^  ^lie  deformity  to  recur,  due  partly  to  the  small  articular  areas  of  the  separated 
"^*^^s  and  partly  to  the  action  of  the  fiexors  and  the  interossei.  Skiagraphv  vvill 
^'^^lly  establish  the  diagnosis. 

Fracture  of  the  metacarpal  bones  is  usuallv  the  result  of  a  blow  \vith  the 
^^ched  fist.  The  metacarpals  of  the  thumb  and  little  finger  are  therefore  rarely 
""^^tcn.     On  account  of  the  mode  of  application  of  the  force,  the  seat  of  fracture  is 

*  Zeitschrift  fiir  Morph.  und  Anthropol.,  Bd.  ii.,  1901. 
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apt  to  be  near  the  distal  end,  although  the  thtnnest  and  weakest  parts  of  the  bones 
are  just  above  the  mid^le  and  they  sometimes  brcak  there.  The  proximal  fragment 
is  held  firmly  by  its  ligamentous  attachments  and  is  less  movable  than  the  phalangeal 
portion  ;  its  distal  end  may  project  on  the  dorsum.  The  knuckle  of  the  affectcd 
finger  sinks  and  partially  disappears.  The  lumbricales  and  the  interossei  aid  in 
producing  this  dcformity,  and  may  cause  the  proximal  end  of  the  distal  fragment  to 
become  prominent  on  the  dorsum  of  the  hand.  In  examining  for  these  fractures  it 
should  be  remembered  that  the  metacarpal  bones  of  the  index-  and  middle  fingers  are 
bound  tightly  to  the  carpus  and  possess  but  little  power  of  independent  movemenL 
The  others  are  more  movable.  In  the  treatment  of  these  fractures  the  normal  palmar 
concavity  of  the  metacarpal  bones  should  never  be  forgotten. 

The  Phalanges. — Epiphyseal  separation  of  the  phalanges  is  extremely  rare. 
The  epiphyses  are  ali  at  the  upper  ends  of  the  bones.  The  diagnosis  from  severe 
sprain  or  from  fracture  will  usually  bc  made  by  the  X-rays.  It  is  now  thought  that  not 
a  few  of  the  cases  of  nccrosis  of  the  proximal  end  of  a  phalanx  following  acute  inflam- 
mation  or  whitlow  are  the  result  of  epiphyseal  sprain  or  disjunction.  Of  course, 
necrosis  is  often  the  sequel  of  the  spread  of  infection  from  the  superficial  structures 
of  the  hand  to  the  closely  applied  fibro-cellular  tissue  over  the  terminal  phalanges. 

Fractures  occur  most  frcquently  in  the  proximal  and  most  rarely  in  the  ter- 
minal phalanges.  The  relation  of  the  tendons  on  the  dorsal  and  palmar  surfaces 
usually  prevents  any  marked  displacement.  Occasionally  an  antcrior  angular  de- 
formity  of  the  proximal  phalanx  is  scen  after  fracture.  It  is  believed  to  be  favored 
by  the  action  of  the  interossei. 

The  frequency  with  which  both  tuberculous  and  svphilitic  inflammations  affect 
the  phalanges  is  probably  due  to  their  exposure  to  slight  injury.  They  are,  how- 
ever»  not  often  the  subject  of  post-typhoidal  infection.  The  cause  of  whitlow  has 
already  been  inentioned,  and  \vill  be  recurred  to.  The  reason  for  the  over- 
growth  of  the  bony  structures  of  the  hand  in  acromegaly  and  in  hypertrophic  pul- 
monary  osteo-arthropathy  is  not  kno\vn.  In  the  latter  čase  it  has  been  suggested 
that  the  enlargcmtrnt  of  the  terminal  phalanges,  like  the  **  clubbing'*  of  the  iingers  in 
phthisical  patients,  may  be  due  to  an  osteogenetic  stimulus  derived  from  the  pres- 
ence  in  the  circulation  of  the  secondary  products  of  the  pulmonary  infection.  This 
would  be  analogous  to  the  increased  rapidity  of  growth  observed  in  adolescents 
during  convalescence  from  typhoid. 

Landmarks. — On  the  inner  side  of  the  hand,  bclow  the  wrist,  the  pisiform 
bone  can  be  felt,  and  when  grasped  firmlv  can  be  given  slight  lateral  movement 
Lower  and  more  externally  the  hook  of  the  unciform  can  be  made  out.  On  the 
outer  side  the  tuberosity  of  the  scaphoid  just  belovv  and  internal  to  the  radial  sty- 
loid  and  stili  lower  the  ridge  of  the  trapezium  may  both  be  fclt.  With  the  hand 
in  full  flexion,  the  dorsal  prominence  of  the  scaphoid  and  semilunar  and  the  cur\*ed 
line  of  their  articulation  with  the  radius  may  be  fclt  ;  the  anterior  and  posterior 
lips  of  the  articular  surface  of  the  latter  bone  can  \)c  palpated  and  the  groove  or 
depression  beneath  them  recognizcd.  The  projection  of  the  os  magnum  on  the 
back  of  the  hand,  and  occasionallv  of  the  base  of  the  third  metacar[)ai  at  its  articu- 
lation with  the  os  magnum,  may  easily  be  felt.  \Vhen  an  unusual  prominence  of  these 
bones  exists,  and  is  first  noticed  after  a  fall  or  strain,  it  sometimes  leads  to  a  mis- 
taken  diagnosis  of  exostosis  or  of  ganglion. 

The  mctacari>al  bones.  their  concavitv.  their  cxpanded  anterior  extremities  form- 
ing  the  knuckles,  the  shape  and  size  of  the  shafts  and  ends  of  the  phalanges,  and  of 
their  articul.itions  with  the  metacarpus  and  with  each  other,  can  ali  readily  be  made 
out  through  or  betwcen  the  overlying  tendons. 

The  surface  markings  of  the  hand  and  of  its  joints  will  be  considered  later  (page 

621.") 

LIGAMENTS  OF  THE  WRIST  AND  METACARPUS. 

The  ligamtMits  and  joints  of  the  Mrist  include  three  articulations,  the  radiih 
carpai,  the  hUracarpaL  and  the  carpo-metacarpaJ ,  \vhich  often  receive  detaOcd 
sej)arate  descriplion.  Tho  simpler  an<l  in  manv  ways  more  desirable  conception  of 
these  joints  is  to  rcgard  them  as  i)arts  of  a  comnion  articulation  consisting  of  a 
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general  capsular  ligament  enclosing  synovial  cavicies  separated  by  an  interarticular 
nbro-osseous  septum  composed  of  the  bones  of  ihe  first  row  and  iheir  interosseous 
ligaments.  Preparatory  to  the  common  description  which  follows,  it  is  iii.*cessary  to 
consider  the  ligaments  and  rdations  of  the  groups  of  bones  which  take  part  in  the 
fonnation  of  ihe  subdivisioiis  of  the  general  articulation. 

The  pisiform  belng  practically  a  sesamoid  bone,  the  upper  end  of  the  carpus  is 
an  egg-shaped  articular  surface  made  chietly  by  the  convexities  of  the  scaphoid  and 
semiliinar  and  to  a  small  extent  by  the  cuneiform  (Fig.  340).  These  three  bones 
are  united  into  one  apparatus  by  lwo  strong  inlerosseous  ligaments  situated  just 
below  the  proximaI  ends  of  the  bones,  covered  by  synovial  membrane  and  com- 

Fic.  340. 


\ 


■-**)riiil  »Miecl  of  rijtht  wri 
^^  lidr  ortMd.    Tht  radi 

P'^*5ng  the  articufar  surface.  They  completely  shut  ofl  the  radio-carpal  trom  the  in- 
"*^^^iarpal  joint.  The  latter  is  con  ca  v  o- con  ve  x.  the  concave  part  belng  formed  by  the 
^•^^form,  the  semilunar.  and  the  ho!low  surface  ol  the  scaphoid  :  the  ronvc.vitv  by 
'"^  lower  surface  of  the  latter  bone.  which  articulaies  with  the  trapezium  and  trape- 
^^^ .  The  concavitv  amounts  to  a  socket.  of  which  the  side  formed  by  the  scaphoid 
^*^«sir1y  at  righl  angics  to  the  lase,  while  the  inner,  formed  by  the  ciincifonn,  is 
™'Sc)ue.  The  scaphoid  is  attachcd  to  the  semilunar  much  less  lightlv  than  is  the 
'-Jl^^piform.  50  that  considerable  mntion  occitrs  bct«ccn  thcm.  Thf  scaphoid,  besides 
""iing  in  variniis  directinns  on  the  semilunar.  can  tiirn  on  an  appro\imately  trans- 
"""^V  axis  through  its  prosinial  part.  which  permits  of  flexicn  and  c.vtension,  to 
'''**^e  degree  independcnt  of  the  resi  of  ihc  first  row.      Its  lower  end  may  also  move 
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the  socket.     The  distal 
magnum  and  the  uncš- 


snmewhat  outward  and  inward.  so  ::.(  to  broadcn  or  nam 
row  of  carpal  boncs  presents  a  prominence  made  by  the 

foim,  which  are  held  firmly  togelher  so  as  to  move  nearly  as  one,  fitting  into  the 
socket  presented  by  the  nrst  row.  The  outer  side  of  this  prominence  U  quite 
straight,  making  an  entering  angle  with  the  trapezoid,  receiving  the  ridge  betweeii 
the  concavity  and  convexity  of  ihe  acaphoid.  At  ihis  point  ncar  the  palmar  surface 
the  os  magnum  receives  a  ligament  from  the  scaphoid,  uhich  may  occasionally 
deserve  to  be  called  interosseous,  The  pisiform  has  a  capsular  ligament  enclosing 
the  joint  betwcen  it  and  the  cuneiform. 

The  four  bones  of  the  second  row  are  joincd  by  three  i/iierosseous  ligaments:  one 


Fig.  341. 


Scaiiho-metacBipal 


bet»een  the  trapezium  and  trapeioid.  near  the  palm  :  one  between  the  trapezoid  and 
os  magnum,  near  the  dorsum  ;  and  one  bctween  the  os  magnum  and  unciform,  much 
the  strongest.  cnnnecting  the  palmar  halvcs  of  the  bones  at  the  distal  end.  None 
of  these  interrupt  the  commimiciition  ol  the  svrovial  cavitv  nf  the  intracarpal  joint 
and  those  at  the  liases  nf  the  metacarpals.  The  scaphoid,  scniilunar,  and  cuneiform 
ha\e  ver>'  properiv  bec-n  <:(nn|>are<i  to  an  intra-articiilar  fibro-cartilage  or  ntenisnit, 
stibdividing  a  jiiint.  No  niiisch'  of  the  formami  is  inserted  inio  thim.  (The  t)exor 
carpi  iilnaris,  which  has  the  {)tsifiirm  as  a  SLSimioid  Immk-  in  its  lendon,  has  its  real 
ti-rmination  in  thi-  rttth  mi-tacarpal.  (  Hcncc  this  scries  is  ncvcr  directlv  moved.  but 
changi-s  prisilinn  iindor  the  pressnre  of  the  <lisliil  riiw.  uhich  is  pniled  against  it 
1>y  the  muscies  moving  it.      It  ]>lays  an   ini[K)rtan[   jiart   in   the   niovements  of   the 
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The  bascs  of  the  mctacarpals,  except  the  thumb,  articulate  »ith  one  another  by 
the  Ifttcral  facets,  and  jusl  below  these  joints  are  held  together  by  strong  interosseous 
'^atnents  connecting  the  rough  depressions  below  the  bases.     The  fibrcs  of   the 


<  beturccD  »oipbolil  ai 


filM  meucaipir 


'^^rosseous  ligamcnt  (rotn  ihe  trapc^ium  to  the  trapezoid  are  inseparablt  from  somt 
"°*t  the  Irapezium  to  llie  stcfind  nietatarsal. 

A  common  descrjption  will  bcst  seire  lor  the  li^aments  connectinj;  the  forearm, 
*J^  firsi  ro\v,  the  secoiul  row.  anit  llic  bases  of  the  mciacarpals  (Fij^s,  ,^40.  ,141). 
•"*  simpicst  conception  is  of  a  capsute  [Mssinjj  from  tht-  forearm  to  ihc  melacarpus 
"**'!  attached  to  the  interveiiinu  bones.      It  is  miich  streiijjthi-ned  by  neight>oring 
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tendons  and  their  sheaths.  Il  is  stronjj  at  thc  sules ;  »eak  in  front  and  behind. 
The  ijtrunger  bunds  are  inextricabty  bk-nded  \vith  thc  rcst ;  that  on  the  outside,  tbe 
fxfernal  iaUral  iigament,^  runs  Iroin  the  radiiil  stjiloid  process  to  the  outer  side  of 
the  Bcaphoid,  thcnce  to  the  trapezium,  and  is  continuous  with  the  capsule  of  the 
carpo-metacarpal  joint  of  the  tliumb.  The  internal  lateral  /i^ameni'  runs  from  the 
styloid  process  of  the  ulna  to  tiie  side  of  the  cunt-ifornj,  and  to  the  pisiform,  thence 
to  the  narrow  internal  edge  of  the  unciform,  and  finali/  to  the  tifth  metacarpal.  The 
dorsal pari  of  the  capsule  is  the  weakest,  but  is  niuch  strengthenud  by  thc  uxiensor 
tendons.  A  continuous  laycr  passes  from  the  radius  and  ulna  to  the  lirst  rbw,  thence 
to  the  second,  and  thence  to  the  meUcarpals.     The  general  direcdon  of  the  fibres  of 

Fig.  343. 


i<st-]oint.    .\  ponlim  of  ihr  nntctinr  innular  linment  hai 
the  flciioT  rarpi  raclkalib  opcncd- 


thc  proximal  part  is  transversc,  inclinin);  inu-ard  from  the  stvloid  process  of  the  radius 
and  thu  scaph<>i<l  to  the  cuneiforni.  This  constitutes  the  dorsal  transvrrse  ligammt, 
»hiih  siTvca  ti>  hold  the  hi-ad  of  thc  os  ma^nnni  and  the  acIjoininK  part  of  the  unci- 
form in  thc  socki-t  made  by  the  concavitv  of  the  first  rou-.  It  has  no  definite  bordera. 
Tolcrabiy  distini-t  l>ands  )iass  to  thc  biiscs  o(  the  four  inncr  mctarar[>als  :  those  tO 
the  si-CKnd  and  third  are  tense  and  thc  nthrrs  lax.  Varions  arrcssorv  bands  are 
often  l(.iun<l.  The  antcrior  f>art  of  thc  capsule  in  thc  liolIow  iif  thc  wrist  is  strongfer  : 
it  is  reinforced  by  ol>liqiie  bands  convcrj^inu  do«nw3rd.  Manv  of  these  fibres  are 
attachid  to  thc  narrow  p.itmar  promincncc  (i[  thc  os  ma^nnm.  Pretty  distinct 
buiullcs  j^it  to  the  bases  of  the  mctacarpals.  \Vry  small  disks  project  into  both  the 
raitio-i-irjNil  and  the  intruc;ir|>^il  jcnnts  fnun  ibe  ilurMini,  which  are  hardly  seen  e.\ce|)t 
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Fig.  345. 


'■•»»-•nj, 


Id  trezen  sections.     Their  broader  bases  are  attached  to  the  capsule,  and  the  free 
■barp  edges  end  in  the  joint  fitting  in  between  the  bones, 

'T\\c  fiisi/orm  has  a  special  joint  on  the  palmar  side  of  the  cuneiform,  with  a  lax 
capsule.     This  is  strength- 

ened  intemally  by  a  bundle  Fiu.  344- 

from    the   cuneiform  run-  a  )■    Eitnm 

njngr  irom  the  dorsal  to  the 

palmar  side.      Two   well- 

marlced  bands  pass  down- 

vai-d  from  it  on  the  latter    . 

asp^crt  ;  the  one  to  the  base 

ot     Ctie  fifth  nielacarpal  is 

Testlly  the   end   tendon  of 

[he       flexor    carpi    ul  naris, 

[he    <3ther  passes  obliquely 

to     cHe   proximal  edge  of 

the   unciform  process. 

The  Anterior  An- 

niilar  Ligament. — This 

is  an  extreinel)'  strong  structure,  bridging  the  hollow  of  the  wrist.  and  enclosing  a 

canal  through  which  pass  the  tendons  of  the  long  flexors  of  the  thunib  and  fingers 

and  the  median  nerve.  It  springs  internally  from  the  process  of  the  unciform  and 
from  the  pisiform,  the  latter  part  being  fused  with 
the  band  from  it  to  the  unciform.  ll  is  attached 
externaily  to  the  ridge  on  the  trapezlum,  and  by  a 
deeper  process  to  the  tuberosity  of  the  scaphoid 
and  to  the  inner  side  of  the  front  surface  of  the 
trapezium.  thus  sphtting  to  atlow  the  passage  of 
the  tendon  of  the  flexor  carpi  radialis  through  a 
special  canal  in  the  groove  of  the  trapezlum. 
Frozen  sections  through  the  vvrist,  passing  through 
the  pisiform  <  Fig.  344)  (  but  not  those  through  the 
unciform),  show  deep  fibres  from  the  annular  liga- 
mcnt  passing  down  under  the  canal  and  blending 
«ith  the  front  of  the  capsular  ligament  of  the 
wrist.  The  proximal  and  distal  borders  of  the 
ligament  are  somewhat  arlificial.  as  it  is  connected 
with  the  fascia  of  the  forcarm  and  with  the  palmar 
fascia,  besldes  receiving  fibres  from  the  flexor  carpi 
ulnaris,  This  anterior  annular  ligament  holds  the 
sidcs  of  the  wrist  firmlv  together  and  p^e^'ent5  them 
from  spreading  when  pressure  is  applied  from 
above.  Its  fibres  mingle  with  the  origins  of  mus- 
cles  of  the  ihumb  and  of  the  Httle  finger. 

The  postcrior  annular  ligament  is  but  a 
thickening  of  the  fascia  of  the  back  of  ihe  forearm, 
and  has  no  plače  among  the  tnie  llgaments. 

The  Carpo-Metacarpal  Articulations. — 
Those  of  the  four  inner  lingers  havc  been  partiatly 
describcd.  They  connect  with  the  general  articular 
cavity  of  the  ivrist.  A  band  from  the  adjacont 
edges  of  the  os  magnum  and  unciform  to  those  of 
the  third  and  fourth  metacarpals  (Fig.  ,140)  does 
not  completelv  internipt  the  continuity  of  this 
cavitv,  as  it  does  not  reach  the  dorsal  surface. 
The  caq>us  and  metacarpus  are  connected  on  both 
T  be  fairlv  liistinguished  from  the  capsule.    Trans- 


'*^*«a  I. 


I  Mellon  ihrou^  liicht 
Ihe  haiut  being  urai 


which  C 


"°nt  and  back  by  bands  w 

'"Se  bands    run  also  on  both    stirfaces  from   the  base  of    one  mctacarpal  to  the 

'**t     The  opposcd  sides  of  the  bases  are  partly  covcred  with  articular  cartilage. 
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Sanc  ».  Fig.  j)j,  il 


as  has  been  described.     Interosseous  melacarpai  ligaments  connect  their  aides  distall/ 

from  ihis.     These  complete  the  capsules,  which  are  imperfect  only  on  the  carpal 

sidf. 

The  articulation  of  the  tbumb  (^Fig.  34^)  difters  from  the  others  in  being 

coniplcto  in  itself.     It  is  a  saddle-shaped  joint.     The  hand  lying  supine,  the  long 

a.xis  of  the  joint  alants  doim- 
Kic.  346.  ward   and   inward.       In    thu 

direction  the  trapezium  is  con- 
cave  ;  at  right  angles  to  it  con- 
vex.  The  joint  is  surrounded 
by  a  capsule,  which  is  strongest 
on  the  dorsal  and  palmar  sides, 
whcre  the  direction  of  the 
fibres  is  tongitudinal  ;  it  is 
weak  at  the  outer  anterior  end, 
where  it  is  strengthened  by 
the  tendon  of  the  exten5or  of 
the  metacarpal  bone. 

The  motions  are  flexion, 
exten5ion,  adduction,  abduc- 
tion,  and  circumduction.  Ro- 
tation  in  the  flexed  position 
may  be  possible  from  the  im- 
perfect adaptation  of   the  ar- 

ticular  surfaces,  but  can  hardly  be  of  practical  importance.     Flexion  is  limited  by 

the  locking  of  the  palmar  pfojection  ol  the  metacarpal  against  the  trapeziuni ;  the 

other  angular  motions  by  the  tension  of  the  tigaments. 

Movements   and    Hechanics  of  the   VV^rist   and    Carpo- Metacarpal 

Articulations. — It  is  convcnient  in  studying  these  movements  to  imagine  that  the 

metacarpus  fol]ows  the  motions  of  the  second  raw  of  carpal  bones.      This  is  true  of 

the  indes-  and  middic  tingers,  but  not  of  the  others.      The  motions  of  the  wri9t  in 

the  widest  sense  are  flexion,  extension.  adduction,  abduction,  and  circumduction. 

The  joint  is  a  compound  one,   egg-shaped   above,   the  scaphoid,   scmilunar,   and 

cunciform  acting  as  a  menisciis.     The  motions  are  best  studied  by  removing  the 

skin  and  tendons  on  the  dorsal  aspect  and  inserting  long  pins  into  the  radius,  semi- 

lunar,  and  os  magnum.  and.  for  some  purposes,  the  scaphoid.      The  Rontgen  niys 

havc  been   useful  chieflv  as 

corroboratory  evidence.     In  Fig.  347. 

flexion  the  motion  begins  in 

the  upper  joint,   where  it  is 

most  extensive  ;    as    it   goes 

on  the  lower  talces  part.     In 

e.vlension,  starting  with  the 

arm  straight,  more  than  half 

occurs   in   the  lower   joint. 

A<UtulwH     (ulnar    flexion) 

(Fig.  348,  H),  owing  to  the 

lesser  promincnce  of  the  ulna, 

is  more  free  thun  abduction. 

The  menisciis  glidcs  touards 

the   radial  side,   and   In   so 

doing  assiinics  the  relation  to 

the    radins  that    it   has    in 

extonsion.        The    scaphoid 

toiiches  tho  radius  only  by  one  rnd,  so  th;it  its  long  axis  iipproaches  the  direction  of 

that  (if  the  forcarm.  and  the  seniilunar  le;ives  the  triangular  cartilage.     The  cur\-e  o( 

the  mcnisciis  broadens,  iiicreitsing  the  distance  l>ctwecn  the  enris  of  the  cuneiform 

and  the  scaphoid.      A  sm:ill  p;iri  nf  the  motion  ocrnrs  tn  the  mid-rarpal  joint.     The 

unciform,  moving  with  the  os  magnum,  comcs  nearer  tO  the  semilunar.     THc  space 
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betu-een  the  neck  of  the  os  magnum  and  the  scaphoid  enlarges.  In  abducHon  (radial 
flexion )  ( Fig,  348,  A )  the  second  row  of  the  carpus  has  a  larger  share  in  the  motion 
Ihan  in  adduction.  Themeniscus  moves  tu  the  ulnar  side  and  is  f)exed,  while  its 
ends  approach  each  other,  narrowing  the  arch.  The  lower  end  of  the  scaphoid  is 
CTowded  against  the  os  magnum  and  the  proximal  end  of  the  unciform  recedes  from 
the  semilunar.  Lateral  motions  do  not  occur  when  the  wrist  is  either  strongly  flexed 
or  extended.  The  screw  surfaces  of  the  cuneiiorm  and  unciform  are  important 
laaora  in  the  combination  of  antcro-posterior  and  lateral  motions  ;  but  ihe  os  mag- 
num and  unciform,  which  move  togetlier,  do  not  tuist  in  the  socket  formed  by  the 
lirst  row  if  the  latter  be  fixed.  Circumduction  is  a  combination  of  the  preceding 
motions.  Though  the  meniscus  moves  as  a  whole,  the  scaphoid  is  less  ciosely 
attached  to  the  semilunar  than  is  the  cuneiform. 

Fig.  348. 


Flejtion  is  limited  by  the  tension  of  the  dorsal  ligaments ;  exten3ion  in  the 
"pi^^r  joint  chiefjy  by  the  lateral  ligaments,  in  the  Iower  by  the  locking  of  the  bones 
*•'  t  oe  meniscus  against  those  of  the  first  row.  The  anterior  fibres  of  the  capsule 
P''*^t»ably  assist.  Lateral  motion  is  checked  in  the  upper  joint  by  the  side  liga- 
"•^r^ts  ;  in  the  lower  joint  it  is  limited  chieflv  by  the  shapc  of  the  bones.  The 
''""*V>erof  joints  between  the  carpal  bones  divide  the  force  of  shocks  transmitted 
thr-ough  the  hand. 

The  motions  of  the  carpo- meta  carpal  joints  ol  the  fingers  are  almost  wanting, 
excepj  Jq^  jIjp  j.jjjg  gj,^  jj(j[|,  fingers.  In  both  these  the  motion  is  essentially  flcsion, 
""^^^^t  marked  in  the  latter,  and,  owing  to  the  dorsal  convexily  of  the  carpus,  tending 
^  *>ppose  the  little  finger  to  the  thumb, 

The  metacarpo-phalangcal  articulations  are  surrounded  by  a  rather  loose 
^f*fule,  which  is  inserted  into  both  bones  pretty  close  to  the  articular  cartilage. 
IS  weakest  on  the  dorsum,  wht-rc  it  is  supported  by  the  extensor  tendons.  !t 
^^  tn  tracinpi  from  X-ray  photogjaphs  it  is  in  places  very  difficiill  satisfactorilv  to  outline  the 
Jr™'Hte  bones,  partlv  because  Ihf  contoiirs  of  both  surfaces  as  well  as  of  thirfe  processes  are 
T?^*''",  and  partljf  bečause  some  bones  iie  In  front  of  others,  o«inB  to  ihc  palmar  concavilv  of 
j"~  ?*nst.  The  RTcatest  diflidillv  is  »'iih  the  respertive  outlines  of  the  Irnpeziuni  and  trapezoid. 
■jj.p*e  above  fipires  the  oiitline  of  Ihe  latter  '\%  tndicnled  in  dotled  lines.  This  confusion  is  of 
jLj^prartical  importance,  since  tlic  draivings  are  to  ilhisirate  the  ehanftes  of  posilion  between 
*>TM  row  and  the  forearm  on  one  side  and  the  second  row  on  the  other. 
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Fig.  349. 


springs  from  littte  holtows  on  the  sides  of  the  hcads  of  the  metacarpala.     Longfi- 

tudin»l  fibrea  are  distinct  at  the  sides,  if  soughl  for  from  within  the  joint,     The  cap- 

sule  is  strengtbened  on  the  palmar  surfacc  by  tibrous  or  fibro-cartilaginous  plates, — 

the  gieneid  carliiages, — whicli  form  the  beginnings  of  the  floor  of  the  canals  for  the 
flexor  tendons  (  Fig.  350J.  These  plates  are 
tirmly  fastened  to  the  bases  of  the  phalanges, 
whose  motions  they  follow,  and  loosely  to  the 
metacarpals.  In  the  thumb  the  glenoid  plate 
amoucits  to  little  or  nothiiig,  as  the  palmar 
aspect  of  the  joint  is  chicfly  covered  by  the  tsro 
sesamoid  bones,  which  are  firnily  held  near 
together  by  transverse  fibres.  When  sesamoids 
are  preseiit  in  the  othcr  jointa,  they  are  lost  in 
the  tibrous  tissue  at  the  aides  of  these  plates. 
The  glenoid  cartilages  of  the  four  inncr  fingers 
are  attachcd  to  one  another  by  a  serics  of  bands 
of  little  strength,— the  transverse  meUuarpai 
ligameni  (Fig.  351). 

The  articulur  surface  of  the  n:ietacarpal  is 
in  the  main  convex  and  that  oi  the  pnalanx 
concave.  They  do  not  make  a  trne  ball-and- 
socket  joint,  for  the  long  axis  of  the  latter  is 
transverse  and  at  right  anglcs  to  that  o(  the 
fornier,  which,  moreover,  is  much  broader  at 
its  palmar  than  a  t  its  dorsal  en  d.  As  the 
glenoid  disks  are  parta  of  the  floors  of  the 
canals  for  the  tendons  diverging  from  the  mid- 

dle  of  the  wrist,  those  of  the  second  and  fifth  fingers  are  not  squarely  placed,  but 

incline  to  the  middie  of  the  hand. 

Movements. — \Vhen  the  finger  is  straight,  it  can  be  moved  laterally,  a  little 

backward,  and  flesed,   as  well  as  circumducted.     It  can,  on  the  dead  hand,  be 

9lightly  rotatcd  ;  but  this  inotion  does  not  occur  in  life.      \Vhen  it  is  fuily  f]exed, 

lateral  motion  is  impossible  owing  to  the  tenseness  o(  the  capsule,  which  has  occurred 

in  two  way3, — partly  from  the  fact  that  in  flexion  the  phatanx  rests  on  the  broadest, 

instead  of  the  narrowe9t,  part  of  the  head,  and  because,  the  depressions  for  the 

origins  of    the  strongest   lateral 

parts    being    near    the   dorsiim,  F'".  350. 

these    are    strctched    when    the  Tnmtvtne  meutani^  U««n 

phaJan.t  has  travelled  round  the 

palmar  ]>romInence  of  the  head. 
The  interphalangeal  ar- 

ticulstions  differ  from  the  pre- 

ceding  by  the  peculiarities  of  the 

articular   cnds    and    the    greater 

relative  slrength   of    the  lateral 

parts  of  the  capsulcs.     The  gle- 
noid cartilages  are  small.    Therc 

is  no  lateral  motion.     They  are 

the    piircst    hinge-joints   in   the 

body. 

The    Surface    Anatoiny 

of  the   \Vrist    and   Hand.— 

The  joint   bctween   the  forearm 

and  the  rarpus  can  lie  appro.\i- 

mati-ly  indieated  by  a  line  cither 

im  tl»c  back  or  the  front,  but  more 

head    of    the    ulna.   running   neariv  I 

to  near  the  radiul  stvloid,  ami  then  sw 

c-ar[Kil  boncs  can  l>e  made  proininent  c 


iccuratelv  on  the  formcr,  starting  from  the 
insvtrseh-,  but  »ilh  a  slight  iipward  bend, 
eping  (lo«nward  to  its  tip.  The  first  row  of 
L  the  back  l>y  Hesiiig  the  wrist.     The  hollow 
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on  thc  dorsum  ol  the  os  magnum  is  distinct,  and  some  inJication  of  ihe  tnid-carpal 

joiitt  may  be  felt  near  it.      '  ■  Slightly  externai  to  the  middle  of  the  hand  is  a  promi- 

nence,  sometimes  indistinct,    but  often   very   well  marked,  formed  by  the    styloid 

process  on  the  base  of  the  third  metacarpal  bone  at  its  articulation  wiih   the  os 

magnum"  (Thane  and  Godlee).    On  the  palmar  side  the  pisiform  can  be  felt  just 

at  the  beginning  of  the  hypothenar  eminence.     When  the  hand  is  flexed  and  the 

musdes  rela.ted,  it  is  easily  moved  from  side  to  side.      The  unciform  process  can 

be  indistincdy  felt   below  it, 

The  tubercie  of  the  scaphoid  Fig   351 

b   fett   with    difiiculty    below 

and     internal    to    the    radial 

stvioid,  and  at  the  beginning 

ol  the  thenar  eminence  (the 

ridge  on  the  trapezium)  more 

dearly.     The  position  of  the 

annular  ligament  niay  be  de-     Meunipaii 

duced  from  these  points,  and 

it  may  be  felt  by  pressure  on 

the  hand.     It  is  a  general  rule 

for  the  joints  between  the  meta- 

carpals  and  the  phalanges,  as 

well  as  for  those  between  the 

latter,    that    the    more    distal 

nioves  on  the  proxinial,  and 

tha(,    therefore,    the    promi- 

nence  of  the  knuckle  In  flexion 

is  made  by  the  hcad  of  the 

metacarpal.       AH     the    meta- 

caipo-phalangeal  joints  can  be 

made   out  from    the   dorsum. 

The  sesamoid     bones    of    the  i« 

thumb  are  felt  with  difiicultv. 

The  web  of  the  fingers  lies  about  thirteen  millimclres  distal  to  the  palmar  aspect  of 
the  metacarpo-phalangeal  joints.  That  of  the  inde.\-finger  is  about  midway  betveen 
Ae  transverse  furrow  reaching  the  radial  side  of  the  hand  and  the  tirst  crease  on 
fhe  finger  ;  those  of  the  other  fingers  are  in  the  same  relation  to  the  second  furrow 
anrf  the  respective  creases.  The  interdigital  joints  are  slightly  distal  to  the  upper 
""«  of  the  complicated  creases  of  the  first  joints  and  to  the  single  line  of  thc  creases 
*"    the  second  row. 


.    Sh«ith  lor  fl(xor 


PRACTICAL   CONSIDERATIONS. 

The  Wri8t-Joint. — The  radio-carpal   has  the  greatest  amount  of  motion  of 

™^  three  rowsof  joints  that  iniervene  bctwecn  the  metacarpus  and  the  forearm.     Its 

^"S*'*  is  not  derived  from  the  shallow  concavity  on  the  lower  end  of  the  radius, 

^  ■*'Om  the  ligaments  which,  taken  together.  compose  thc  capsule,  but  rather  from 

*"*    tough  fibrous  tissues  fomiing  the  sheaths  of  thc  largc  nuinf>er  of  tendons  that 

I^^**    over  the  antcrior  and  postcrior  aspects  o(  the  joint  and  are  closelv  united  to 

""^    ^>ones.     It  escapes  fri.-quent  injurv,  also,  because  of  the  numerous  bones  that 

^"ter  into  the  carpus,  which  by  their  gliding  motion  one  upon  the  other  difiuse  force 

™*^>Ved  through  falls  tipon  the  hand  ;  because  o(  the  same  cffect  producctl  by  ihe 

I '^Vement  of  the  mid-carpal  joint  ( intracarpal  of  Dwight ) ,  which  takes  up  j>art  of  the 

T^*^^    in  ov^rextension  of  the  hand  fictore  it  reaches  the  wrist  ;  and  because  of  the 

"^^nce  of  any  long  rigid  lever  on  the  distal  side  of  thc  joint. 

,        Disincation  backn'ard  is  b)-  fai  the  most  common.  on  aecount  of  the  frcqucncy 

»alls  upon  the  hand.     Thc  diagnosis  (rnm  Colles*s  fracture  is  made  by  observing 

^ll**    in  dislocation  :   d)  thc  antcrior  sw-elling  is  nearer  the  biti  of  thc  thumb  ;  (2) 

^    posterior  swelling  is  more  shar[>ly  dcfined  at  its  uppcr  edge  ;   (,l)  the  styl'>id 

P^^^^CeMof  the  radius  is  nearer  the  hand  than  that  of  the  ulna  ;  (4)  the  distance  from 
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it  to  the  hcad  of  the  metacarpal  bone  of  thc  index-finj(er  is  shortened  ;  (5)  thc 
antero-postcrior  diameter  of  the  \\Tist  is  increased  ;  (6)  the  flexion  and  immobility 
of  thc  \vrist  are  greater. 

In  dislocation  fonvard  the  jx)sterior  svvelling  (the  sharp  lx)rder  of  the  radius 
and  ulna)  approaches  the  hand  ;  the  rounded  prominence  of  the  carpus  is  on  the 
front  of  the  wrist ;  the  antero-posterior  diameter  is  increased  and  the  stylo-meta- 
carpal  measurement  is  lessened. 

C)utward  (radial)  dislocation  of  the  wrist  is  resisted  by  the  contact  of  the 
scaphoid  with  the  styloid  process  of  the  radius  and  by  the  internal  lateral  ligamenL 
Invvard  dislocation  would  theoretically  be  easier,  as  there  is  no  bony  obstacle,  and 
as  adduction  may  be  eflected  to  a  greater  extent  than  abduction,  and  with  greater 
power,  on  account  of  the  leverage  afforded  by  the  projection  of  the  cuneiform  and 
pisiform  bones  on  the  inner  side  of  the  wrist.  It  is  for  this  reason  that  the  hand 
comnionly  assumes  the  position  of  adduction  and  the  little  finger  becomes  indined 
towards  the  uhia  when,  from  disease  or  other  cause,  the  muscles  lose  the  influence 
of  volition  and  exercise  an  uncontrolled  sway  over  the  part  (Humphry).  Disloca- 
tion in  either  lateral  direction  is,  however,  very  rare. 

Spontaneons  subluxation  forward  is  a  condition  thought  to  be  associated  with 
hard  manual  labor  in  which  the  strong  anterior  ligament  becomes  stretched  and  the 
radial  side  of  the  carpus  is  displaced  forward  and  upward.  This  is  followed,  in 
accordance  with  a  general  law  of  growth  (pagc  104),  by  an  overgrowth  of  thc 
posterior  portion  of  the  lower  end  of  the  radius,  from  which  the  normal  opposing 
pressure  of  the  carpus  has  been  removed.  The  lower  end  of  the  ulna  becomes 
unduly  prominent. 

Disease  of  the  wrist-joint  is  frequently  tuberculous,  but  may  be  septic  or  rheu- 
matic  or  gonorrhceal  in  its  origin.  As  the  joint-cavity  does  not  include  the  epiphyseal 
lines  of  either  the  radius  or  ulna,  the  svnovial  membrane  being  attachcd  to  the 
margins  of  the  epiphyses,  disease  and  in)iiry  of  the  latter  do  not  of  necessity  tnvolvethe 
Joint.  The  circumstances  alreadv  detailed  that  protect  the  joint  from  dislocation 
also  protect  it  from  sprains  and  lessen  the  frequency  of  traumatic  synovitis  and  of 
the  seciuelie  of  traumatism. 

Disease  of  any  varietv  once  established  is  apt  to  extend  to  the  various  synovial 
pouches  of  the  carpus  on  account  of  their  proximity,  to  involve  the  flexor  and  ex- 
tensor  tendon  sheaths  for  the  same  reason,  and  to  result,  in  accordance  with  its 
character,  in  either  extensive  disorganization  or  much  limitation  of  motion.  The 
flexors  and  extensors  on  thc  front  and  back  of  the  wrist  act  with  about  equal  force, 
and  therefore  but  little  displacement  occurs. 

The  swelling  usuallv  shows  itself  first  on  the  dorsum  through  the  thinner  pos- 
terior ligament,  the  jf)int  being  nearer  the  surface  on  that  asj^ect. 

Landmarks. — The  line  of  the  wrist-j<)int  is  convex  upward.  A  straight  line 
drawn  between  the  two  styloid  processes  is  oblique  downward  and  outward.  It 
unites  the  two  extremities  of  the  are  \vhich  represents  the  line  of  the  joint  The 
highest  point  of  that  are  is  a  half-inch  above  the  interstyloid  line. 

If  a  knife  were  introduced  horizontali  v  below  the  tip  of  the  styloid  process  of 
the  ulna,  it  would  open  the  wrist- joint  ;  below  the  stvloid  of  the  radius,  it  wouid 
strike  the  scaphoid. 

The  remaining  landmarks  are  described  on  page  621. 

The  Joints  of  the  Carpus,  Metacarpus,  and  Phalanges. — As  the  inter- 
mediate  ligaments  uniting  the  separate  l)ones  of  each  row  of  the  carpus  are  aH  trans- 
verse,  an<l  do  not  pass  from  one  row  to  another,  the  mid-car|^>al  ( intracarpal )  joint 
permits  of  considerable  motion  in  both  flexion  and  extension.  It  undergoes  disloca- 
tion with  extreme  raritv,  and  usuallv  onlv  as  a  result  of  a  degree  of  force  sufficient 
to  strt*tch  or  tear  tendons  and  ligaments. 

I)is}<KMtion  of  the  second  ro\v  of  the  carpus  fonvard  is  prevented  by  the 
manncr  in  \vhich  the  concave  surfaces  of  the  trapezium  and  irajn-zoid  rest  upon  the 
|H)stfrinr  convcx  facct  of  thc  scaphoid,  as  wc*ll  as  by  thr  undulating  manner  in 
\vhi(*h  tlu'  si<ie  of  thi*  unciform  is  disposed  \vith  regard  to  thc  side  of  the  cuneiform. 
Displacement  hackivard  is  prevented  by  the  maniicr  in  which  thc  round  head  of  the 
os  magnum  and  the  convex  posterior  and  upper  surface  of  the  unciform  are  let  into 
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the  hollow  formed  in  the  anterior  and  inferior  surfaces  of  the  bones  of  the  first  rovv 
(Humphry). 

The  joints  between  the  individual  bones  of  the  carpus  allow  of  but  little  motion, 
and  much  force  is  needed  to  produce  displacement  of  those  bones.  In  the  order  of 
frequency  the  os  magnum,  semilunar,  scaphoid,  pisiform,  trapezium,  trapezoid,  and 
unciform  have  been  reported  as  separately  dislocated.  It  is  interesting  to  note  in 
relation  to  the  order  of  frequency  that  the  middle  finger  is  the  longest,  and  is  the 
one  most  exposed  to  injury  and  to  force  applied  to  the  fingers  ;  its  metacarpal  bone 
is  the  longest ;  it  articulates  directly  with  the  strongest  carpal  bone, — the  os 
magnum, — ^and  it,  in  its  turn,  with  the  semilunar,  vvhich  unites  with  the  scaphoid  in 
connecting  the  hand  with  the  forearm.  In  reported  cases  the  pisiform  was  thought 
to  be  dislocated  secondarily  after  the  rupture  of  the  tendon  of  the  fiexor  carpi 
ulnaris  below  the  bone. 

The  other  separate  carpal  luxations  have  but  little  anatomical  interest. 

Disease  of  the  mid-carpal  joint  is  usually  tuberculous,  and  is  apt  to  begin  in  or 
extend  to  the  os  magnum  because — i.  It  is  the  bone  most  exposed  to  traumatism 
izvide  supra)y  receiving  the  effects  of  injury  to  three  metacarpal  bones.  2.  The  joint 
participates  in  the  movements  of  fIexion  and  extension  of  the  wrist,  vvhich  are  partly 
limited  by  the  portion  of  the  oblique  fibres  (both  radial  and  ulnar)  of  the  anterior 
annular  ligament  (page  325)  and  by  some  of  the  radial  fibres  of  the  weak  posterior 
ligament,  which  are  attached  to  the  os  magnum.  3.  The  slight  rotation  permitted  in 
the  mid-carpal  joint  is  around  a  vertical  axis  drawn  through  the  head  of  the  os  mag- 
num. A  very  slight  enlargement  of  the  bone  would  tend  to  pinch  and  bruise  the 
synovial  membrane  between  it  and  the  trapezoid,  those  t\vo  being  more  closely  bound 
together  than  any  of  the  other  bones.  It  has  been  noticed  (Mundell)  that  the  point 
of  greatest  tendemess  in  these  cases  of  carpal  tuberculosis  was  in  a  line  between  the 
index-  and  middle  fingers,  corresponding  to  the  junction  of  the  os  magnum  and  the 
trapezoid.  Banvell  says  that  in  tuberculosis  of  the  wrist-joint  the  point  of  special 
tendemess  is  on  the  outer  side  of  the  extensor  indicis  tendon.  This  is  on  the  same 
line,  and,  in  cases  in  which  the  carpus  has  become  involved,  would  correspond  to 
the  same  point  of  junction. 

Dislocations  of  the  metacarpal  bones  from   the  carpus  usually  involve  single 

bones,  are  incomplete,  and  are  in  the  backward  direction.     The  wavy,  irregular  out- 

line  of  the  distal  edge  of  the  carpus,  the  dovetailing  of  the  metacarpals  and  carpals 

hy  means  of  the  alternating  convexities  and  concavities,  and  the  strength  of  the 

interosseous  and  transverse  metacarpal  ligaments  sufficiently  explain  the  infrequency 

o/  dislocation  of  the  metacarpus  as  a  vvhole. 

Dislocations  of  the  metacarpo-phalangeal  and  interphalangeal  joints  amount  to 

iiearly  thirty  per  cent.  of  ali  dislocations**  (Stimson).      Backvvard  displacement  of 

ttx^  proximal  phalanx  of  the  thumb  is  the  most  frequent  and  the  most  impiortant. 

e  cause  is  usually  exaggerated  extension  of  the  phalanx,  which  carries  its  proximal 

up  onto  the  dorsum  of  the  metacarpal  bone  above  the  articular  surface.  The 
^^Istion  to  the  muscles  of  the  thumb  is  so  important  that   the  luxation  will  be 

ibed  in  that  connection  (page  617). 

Dislocations  between  the  phalanges  usually  occur  at  tne  first  phalangeal  joint, 

in  the  backward  direction,  as  the  cause  is  commonlv  a  fall  upon  the  palmar 
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5UL  -^ET-iure  of  the  finger  in  extension. 


THE   LOWER  EXTREM1TY. 

The  Pelvic  Girdle. — This  consists  of  the  two  innominate  bones,  which  join 
each  other  in  front,  and  the  sacriim  Ijehind.  VVhile  the  thoracic  girdie  is  adapted 
to  freedom  of  motion,  the  pelvic  is  fitted  for  strenj^th  and  support. 

The  studv  of  the  innominate  bone  should  be  preceded  by  a  general  idea  of  the 
pelvis.  A  plane  l)etween  the  proniontory  of  the  sacniin  and  the  top  of  the  pubes 
divides  the  pelvis  into  the /a/se  pe/vis  above,  formed  chiefly  by  the  ilia,  and  the  trur 
fir/ris  belovv.  The  latter  presents  the  sacruni  and  coccyx  behind,  the  arch  of  ihe 
pubes  in  front  and  below,  and  the  tuberosity  of  the  ischium  at  the  side.  Behind  this 
is  the  sacro-sciatic  notch,  much  reduced  by  ligaments.  On  the  sides  are  the  hip- 
joints,  and  towards  the  front  the  obturator  or  thyroid  foramen. 

THE   INNOMINATE   BONE. 

This  *  consists  originally  of  the  tVium,  pubis,  and  ischium^  each  of  which  forms  a 
part  of  the  hip-joint,  but  which  fuse  so  c<)mpletely  that  the  lines  of  union  are  not 
usually  to  be  seen  in  the  adult.  The  ilium  fornis  the  upper  and  posterior  part  of  the 
bone,  the  pubis  the  front,  and  the  ischium  the  inferior.  The  two  latter  enclose  the 
obturator  foramen. 

The  Ilium. — The  ilium,*  a  plate  of  bone  forming  the  side  of  the  false  pelvis 
and  a  part  of  the  true,  may  lx?  said  to  have  four  borders.  The  superior  border, 
or  crest/  very  much  the  longest,  is  convex  upward  and  out^-ard.  It  connects  two 
tubercles.  the  anterior  and  posterior  superior  spifies  of  the  ilium,  of  which  the  former 
is  a  knob  overhanging  the  concave  anterior  border  and  giving  attachment  to  Pou- 
part's  ligament  and  the  sartorius,  \vhile  the  latter  is  less  prominent.  The  crest  has 
a  double  lateral  curve,  the  front  lialf  being  convex  externally  and  the  posterior  inter- 
naliv.  It  is  thicker  j^t  the  ends  than  iniJj^e  middle,  and  presents  also  a  thickenin^ 
near  the  mitldle  of  each  curve,  projecting  on  the  convex  side.  There  is  an  extemal 
lip,  from  the  whole  Icngth  of  which  springs  the  fascia  lata  of  the  thigh,  an  interna! 
lip,  and  an  intermcdiate  space.  The  anterior  border  is?  short,  rounded,  and  con- 
cave, descending  to  the  anterior  inferior  spine,  a  knob  a  little  above  the  border  of 
the  acetabulum  giving  origin  to  the  straight  head  of  the  rectus  femoris  and  a  part  of 
the  ilio-femoral  band  of  the  capsule  of  the  hip-joint.  The  posterior  border,  very 
short  and  also  concave,  ends  in  the  posterior  inferior  spine,  an  ilKniarked  angle  at 
the  lx)ttom  of  the  surface  that  joins  the  sacrum.  The  inferior  border  consists 
anteriorlv  of  an  attached  part,  which  meets  the  other  bones  in  the  acetabulum,  and 
behind  this  of  a  free  concave  part,  which  bounds  the  upper  part  of  xhQ  great  sacmh 
seiaiic  notch,^  The  ilium  might  also  be  described  as  consisting  of  an  expanded  por- 
tion,  narro\ving  belovv  to  a  stem,  which  joins  the  other  bones  in  the  acetabulum.  Its 
upper  part  follows  the  curves  of  the  crest. 

The  lateral  or  outer  surface  is  crossed  by  the  three  eunrd  or  gluteal  Unes^ 
convex  alK)ve  and  l>ehind,  ali  ending  at  or  near  the  sciatic  notch.  The  superior^ 
much  the  strongest,  .irises  from  the  cri»st  at  the  middle  of  its  second  curve  and  ends 
a  little  in  front  of  the  posterior  inferior  spine,  marking  oflf  a  raised  rough  surface 
behind  its  upper  two-thirds.  The  middle  begins  at  the  crest,  c)ne  or  two  inches 
from  the  anterior  superior  spine,  and  ends  near  the  top  of  the  notch.  The  inferior^ 
the  faintest,  starts  a  little  above  the  anterior  inferior  spine  and  is  lost  near  the 
front  of  the  notch.  The  three  glutral  muscles,  maximus,  medius.  and  minimus, 
arise  n-spectivelv  behind  thi*se  three  lines  in  the  order  given.  A  slight  groove 
for  thf  reflfcted  tendon  of  the  rectus  femoris,  starting  at  the  anterior  inferior  spine, 
runs  back\vard  al>ove  the  acetabulum. 

The  ventral  or  inner  surface  is  divided  into  an  upper  posterior  and 
a  lowt»r  anterior  part  by  the  ilio-peetineal  line^  in  front,  and  a  rougli  border  con- 
tinuing  it.     The  former  is  a  linu  beginning  on  the  pubis  and  continued  across  the 

*  (ta  rasac.     *  (H  iUaoi.     'Crtuta  Hlač«.     ^  lBcl«ara  t«chladk'a  najor.      '  LInca  arraata. 
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ilium  to  the  sacrum,  separating  the  true  pelvis  below  from  the  false  above.  AU  of 
the  ilium  above  this  line,  cxcept  a  small  part  posteriorly,  is  a  smooth,  shallow  con- 
cavity,  the  iliac  /ossa,^  which  contains  the  iliac  musclc.  It  ends  in  front  in  a  groove 
between  the  anterior  inferior  spine  of  the  Ilium  and  the  ilio-pectineal  eminence*  a 
svelling  above  the  inner  part  of  the  acetabulum  made  by  both  the  ilium  and  the 
pubis  at  their  point  of  meeting.  The  bone  is  vcry  thin  at  the  middie  of  the  fossa. 
The  lower  half  of  the  inner  surface  of  the  ilium  may  be  subdivided  into  two  very 
dissimilar  parts.     The  front  one,  formiiig  the  wall  of  the  true  peKis,  opposite  a  part 


o(  the  socket  and  above  the  sciatic  notch,  is  smooth  ;  the  posterior  is  rough.  The 
latler  presenls  anteriorlv  the  rough  and  pitted  aurintlar  fur/are^  c()rres|X)nding  to 
that  of  the  sacrum.  A  narrow  dcprcssion,  the  pre-articular grooic,  bounds  this  on  the 
smooth  surface.  receiving  the  fihres  of  the  anterior  sacro-iliac  ligament.  Behind  the 
auricular  suriace  is  a  roiigh  area  of  a  ditlerent  character  »ith  an  tle\ation  at  or  below 
tbe  middlc  of  the  prt-cediriK  surface.  This  area  senes  for  the  atiachmcnt  of  the 
strong  posterior  sacro-iliac  lij;;unents.  Stili  farther  back  ihe  lx)no  bas  a  smooiher 
fjnish  where  it   givt-s  nriijin   lo  the   erector  spin;e.      The   ilium    has    several  large 


.134 


HUMAN   ANATOMV. 


Hutrieni  /oramina  ;  one  on  the  inside  of  the  loH-er  hind  part  of  the  iliac  fossa  nina 
fonvard,  one  or  two  on  the  outside  near  the  anterior  inferior  spine  run  backward, 
and  one  near  the  middle  of  the  sccond  curved  line  runs  downward. 

The  Pubis. — The  pubis'  (os pectinis)  has  a  flat  squarish  body.  which,  meettng 
ils  felIow  at  the  symphy:jis,  (orms  the  Iront  wall  of  the  pelvis,  and  two  rami,  the 
superior  joining  the  ilium  and  the  inferior  joinin);  the  ischium.  The  median  end  of 
the  bod)' '  is  wholly  taken  up  by  a  rough  o\-aI  area,  the  ivmpkvsis  pubis,  bearing  the 
fibro-cartilage  of  the  joint.     The  spine'  of  the  pubis  is  a  pointed  tubercle.  projecting 


fi>rw.ird  from  the  front  of  the  uppcr  iMirder  of  thi-  bone  some  two  ccntimetres  Irom 
the  syniphysis.  to  which  Poupart's  ligament  is  attJiched.  A  rid^it-  nins  from  this 
obliqudy  l>ackward  and  iimard  to  the  pcislcrinr  cnd  uf  the  top  of  the  svmphvsis, 
which.  tojjcther  with  the  rniinh  surfare  intirnal  to  it.  constituii-s  the  erni.  The 
term  rf/tc/r  is  applieil  to  the  line  of  jiinction  of  this  suriacc  ttitli  the  syinphysis.  The 
superior  ramus '  is  ]>risinatic,  havinjj  an  anten  i-siipt-rior,  an  inferior,  and  a  posterior 
side.      It  enlarjits  as  it  nins  outttard  to  form  a  piirt  <>[  the  socket.     The  ilia-pectintat 
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HfK  starts  from  the  spine  and  nins  obliquely  backu'ard  and  outward  to  the  ilium. 
The  triangular  antero-superior  side  of  the  ramus,  naiTOW  at  the  inner  end,  broad  at 
the  outer,  concave  from  side  to  side,  convex  from  before  backward,  is  bounded 
behind  by  the  ilio-pectineal  line,  in  front  by  the  obturator  crest,^  »hich  runs  from  the 

Fig.  354- 


3f>in^  to  the  inner  border  of  the  acetabular  notch,  and  externally  l)y  a  swelling  at  the 
Uf:>f>^r  inner  part  of  the  socket, — the  ilio-pedincal emittence.  The  posterior  side,  broad 
at  ihe  inner  end  and  narrow  at  the  outer,  is  quite  smooth.  The  inferior  lx»rder  is 
"»^»■Iced  by  the  broad  obturator  groove'  above  the  foramen,  passing  from  behind  [or- 


F'G.  .15S 


***"0  and  inward  for  ihe  nhtiirator  v<j;ssels  and  nene.     The  inferior  ramus,"  flat 
^^^  thin,  rough  in  front,  smooth  bohind,  estends  l>ackward  and  oiitward  to  join  the 

^^^Us  oi  the  ischium.      It  is  constriclcd  jiist  above  the  point  of  iinion.     The  inner 

™Se,  forming  part  of  the  pubic  arch.  is  somewhat  cvertcd. 
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The  iBchium. — The  ischium,'  the  thickest  and  most  solid  part  of  the  bone, 
consists  oE  a  body,  cliiefly  concerned  with  the  acetabulum,  a  tuberosity,  and  a  ramus. 
The  body,  continuous  above  with  the  ilium,  forms  the  front  of  the  greal  sdatic  notck* 
below  which  is  the  sharp  spine  of  the  ischium  pointing  backvard  and  tnward  for  the 
lesser  sacro-sciatic  hjfanient.  The  tuber08ity "  is  a  great  ihickenin^r  of  the  back  oi 
the  lower  end  of  the  body  of  the  ischium  which  Ijears  the  weight  In  sitting.  It  is 
broad  al)ove  and  behind,  narrotting  in  front  as  it  passes  into  the  ramus.  It  extenda 
but  little  onto  the  inner  side  of  the  bone,  which  othcnvise  is  smooth,  Its  inner  lip 
receives  the  great  sacro-sciatic  ligament  and  its  falciform  prolongation.  A  smooth 
surface  (in  life  coated  with  cartilage)  jiasses  from  the  inside  of  the  back  of  the 
bone  just  below  the  spine  and  above  the  tuberosity,  forming  the  lesser  sdatic  noUk* 

occupied  by  the  tendon  of 
FiG-  35*-  the  obturator  internus.     In 

front  of  this,  undcr  the  ace- 
tabulum and  above  the  tti- 
berosity,  is  a  groove  for  a 
part  of  the  obturator  ex- 
ternus.  The  upper  part  of 
the  tube  rosi  C  y  is  divided  into 
an  upper  and'  front  area  for 
the  origin  of  the  semimem- 
branosus,  and  one  behind 
and  beloiv  it  for  the  semi- 
tendinosus  and  biceps.  Be- 
lo w  t  h  esc,  extending  onto 
the  ramus,  is  a  surface  for 
the  adductor  magnus.  The 
ramus '  is  a  stnp  of  bone 
running  fonvard  tO  meet  the 
inferior  ramus  of  the  pulMS. 
The  lower  edge,  forming 
the  margin  of  the  subpubic 
arch,  is  twisted  outwaTd  and 
rough.  The  border  towards 
the  foramen  is  relatively 
sharp.  The  line  of  junction 
of  the  rami  of  the  ischium 
and  pubes  can  be  distin- 
guished  by  the  greater 
brcadth  of  the  former. 

The  acetabulum,  the 
socket  for  the  hip,  is  a  deep 
hemisphcrical  cavity  with  a 
raised  border,  im[>erfect  be- 
low.  The  imnginary  axis 
f)f  the  cavitv  runs  upward, 
inward,  and  backward.  It 
is  formed  by  ali  three  l)oncs,  the  ischium  contribuiing  the  most  and  the  pubes  the 
least.  The  lines  of  union  .ire  sometimes  secn  on  ihe  smooth  postcrior  surface  in 
the  adult.  The  iavity  is  on!y  in  part  articular.  In  sha|)e  this  portion  mav  be  com- 
|>arc<l  to  a  hi>rseshi>e  beaten  concave  and  fitted  into  the  cavitv  wilh  the  two  ends 
IHiIntiu};  downward,  enrlosing  a  min-articiilar  cavitv  at  a  sonicwhat  dccper  level, 
»hich  cxtends  moro  ihan  half-way  up  the  tnck  of  the  socket.  The  bone  at  the 
iHjttinii  of  the  cavitv  is  vtrv  ihin.  Tho  articiiliir  strip  is  hrnadesl  alx»ve  and  behind 
thi'  middie  and  narrowcsi  in  front.  Of  the  two  ends  of  this  ariicutar  strip  tbe 
postcrior  is  the  more  prominent.  overhanging  a  groove  leading  into  the  non- 
arltrular  hollon'  from  l>clow,  The  fnmt  one  lias  no  cnrrespondinu  projection.  The 
bordvr  of  the  acetabulum  is  formed  hy  the  convcxicy  of  this  hi >rs<shoe-shaped  strip, 
and  i-iinsequently  is  »anting  bi'I<iw.     Tlie  intcrruption  is  tlii-  eolvloid  notch.*     The 
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border  rises  from  the  surface  of  the  bone  distinctly  below  and  to  a  less  degree  behind 
and  above. 

The  thyroid  or  obturator  foramen '  is  a  large  o\al  opening,  with  the  larger 
end  above  and  the  long  axis  running  dounuard  and  outuard,  bounded  by  the 
pubis  and  ischiutn.  A  Httle  tuberde,  seen  best  from  the  inner  side,  marks  the 
upper  limit  of  the  ischium.  Above  is  the  obturalor  groove  under  the  ramus  of  the 
pUDts.      It  is  closed  by  a  membrane,  except  under  the  groove. 

Structure.^The  innominate  bone  is,  as  a  whole,  very  strong,  The  two  thin 
places  are  in  the  middle  of  the  ilium  and  of  the  cotyloid  cavity.  It  is  very  thick 
n>und  the  joint  wherever  pressure  may  be  transmitted  through  the  head  of  the 
/^mur.  Sections  show  radiating  trabeculše  from  the  socket  connccted  by  concentric 
\irxvs.  The  bone  is  very  thick  in  a  line  from  the  socket  to  the  outer  expansion  of 
(fx^  iliac  crest,  vvhich  runs  nearly  verticaUy  in  the  upri^ht  position.  It  is  very 
iC:WjOng  also  at  and  behind  the  auricular  suriace. 

Developmeiit. — A  centre  for  the  ilium  appears  early  in  the  third  fcetal 
tn  «:^nth  above  the  acetabulum  and  spreads  quickly  through  the  upper  part  of  the 
]x:»M'Vt.  One  for  the  ischium  appears  below  the  socket,  usualiy  before  the  end  of  the 
sa^K~ne  month.  One  for  the  pubis  comes  decidedly  later  in  the  iliac  ramus.  It  is 
sa.m«J  to  appear  from  the  foui^-to  the  tifth  month,  but  it  may  not  be  present  tiU  the 
sij>dh.  Al  hirth  there  is  stili  much  cartilago  around  and  between  the  bony  expan- 
^^^sis  from  these  centres.  The  rami  of  the  pubis  and  ischium  unite  at  about  eight 
yi — r»ri  or  earlier,  but  the  suture  mav  be  visible  on  the  inside  at  eighteen.  Ossitica- 
tic:»an  commences  by  several  centres  in  the  Y-shaped  cartilage  separating  the  bones  in 


Fig-  357. 
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^  Socket  at  an  uncertain  date,  probably  before  ten  years.  One  of  these  centres, 
'"**«h  larger  than  the  rest,  the  os  acelabuli,  persists  at  the  front  of  the  cavity  be- 
***n  the  pubis  and  ilium  till  perhaps  fifteen,  »hen  union  has  made  much  progress 
''**een  the  various  parts  of  the  acetabulum.  The  lines  of  junction  may  be  seen  on 
"*  inside  of  aeventeen  or  eighteen,  that  between  the  pubis  and  ischium  persisting 
*"*JBest  Secondary  centres  come  aboat  pubcrty  for  the  crest  of  the  ilium,  the  an- 
**'^*»r  inferior  iliac  spine,  the  symph>'sis  pubU,  and  the  ischial  tuberosity,  They 
"■j^.fijsed  at  twenty,  excepting,  perhaps,  that  for  the  crest  of  the  ilium,  the  union  of 
*|^ch  may  be  delayed ;  the  suture  marking  its  presence  is  one  of  the  last  in  the 
"*^y  to  disappear. 

JOINTS   AND   LIGAMENTS  OF   THE   PELVIS. 
These  niay  be  divided  into  ( 1 )  those  connecting  the  ilium  »ilh  the  sacrum  and 
^*  lumbar  vertebra,  (2)  those  connecling  the  pubic  bones  at  ihe  symphysis.  and  (3) 
^  Hgaments  forming  the  lateral  «alls, — the  sacro-sciatic  lit^anients  and  the  obtu- 
"^or  membrane. 
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THE   SACRO-ILIAC   ARTICCLATION. 

The  sacro-iliac  articulation,  oftun  improperly  callcd  tlie  sacro-iliac  synchondrosit, 
partakes  ol  the  nature  o(  both  a  true  and  a  halE-joint.  The  opposed  siirfaccs  dl 
Ihe  sacrum  and  ilium  vary  greatly  in  shape.  The  sacrum  is  broader  in  front  than 
behind,  so  that  the  line  ol  the  joint  slants  inward  as  u-ell  as  backward  ;  but  occasion- 
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ally  in  some  part  it  is  a  Httle  broader  behind  than  in  front.  Often  there  is  an  out' 
ward  swelling  between  the  borders,  so  that  a  part  ol  the  sacrum  is  received  into  s 
hollow  in  the  ilium,  and  a  transversc  cut  of  the  joint  shows  a  sinuous  line.  Perhaps 
quite  as  often  the  ilium  projects  into  the  sacrum.  In  any  čase,  as  a  rule,  there  is  a 
certain  amount  of  interlocking.  The  opposed  surfaces  are  covercd  with  cartil>u^. 
The  layer  on  the  sacrum,  from  one  to  two  millimetres  thick,  is  at  leasl  twice  as  thick 
as  the  other,  and,  though  generally  reckoned  fibro-cartilagc,  has  much  the  appear- 
ance  of  hyaline.  The  two  are  sepa- 
rated  by  a  synovial  cavity,  which 
is  eiiclosed  by  the  sacro-iltac  ltga> 
ments.  The  size  of  this  cavity  is 
^■ery  imccnain.  It  may  extend 
backwurd  bevond  the  auricular 
/ilh«"  surfaces,  occupvinp  on  the  ilium 
a  part  of  the  spacc  usually  serving* 
for  the  origin  of  the  posterior 
sacro-iliac  ligamenls,  or  it  may  be 
oni"ry  cncrnached  upon  by  fibrcs.  Scnne- 
sc.um  times,  before  old  age,  the  joiat  š 
^^  rcplaccd  by  bone. 

The  nbres  around   the  )oint 

are  sevcrally  named  accordingf  tO 

AKiriK.iMcu.ii  ihT^rm-iiiai'  ifiiiit  »»iii.i  Hit'  \3M  lumtKiT  \'t-     pi^sition.     The  posterior  sacro— 

"■'""  iliac  ligament  (Fig.  ,158)  is  very 

iniportnnt.       It    comprises   manjr 

lavers  of  stront;  fil>res,  fitling  up  ihe  <lepthsof  ihc  cMt  b«'twecn  ihe  sacrum  and  tlw- 

overh;inging  ilium.  exti-nding  from  the  rough  area  on  the  lalltr  behind  the  auricular 

surfiut  lo  the  Ijack  of  ihr  lateral  masscs  of  the  sacnini,  nearlv  or  quite  to  tlie  po»- 

<i  iht;  thrte  upper  sacral  vertebrie.     Thosc  of  both  sides 


icral  foramin 


THE   SVMPHVSIS   PCBIS. 


339 


resist  any  tendency  of  the  weight  of  the  body  to  (orce  the  sacrum  forward.  A  rather 
distitict  superticial  band,  the  oblique  sacro-iUac  Ugament'  (Fig.  363),  passes 
from  the  posterior  superior  iliac  spine  to  the  second  and  third  sacral  vertebrse. 
Anterior  and  superior  fibres  are  spread  about  the  joint,  and  reqiiire  no  special 
description.     Some  of  them  go  to  the  pre-auiicular  sulcus  of  the  ihum. 

The  ilio-lutnbar  ligament'  (Fig,  359)  is  a  triangular  band  of  strong  fibres 
diverging  from  the  apex  and  the  front  suriace  of  the  transverse  process  of  the  !ast 
lumbar  vertebra  to  the  top  of  the  crest  of  the  ilium  opposite  to  it  and  to  the  an- 
terior surface,  wherc  it  mingles  with  the  anterior  sacro-iliac  fibres.  A  more  or  less 
distinct  bundle  of  diverging  fibres  to  the  top  of  the  sacrum  near  the  joint  with  the 
ilium  is  the  sacro-lumbar  ligament  (Fig.  359). 

THE  SVMPHVSIS  PUBIS. 
The  symphysis  pubis  b  generaUy  a  typical  half-joint.  the  fibro-cartilage  coating 
the  opposed  pubic  surfacea  being  very  dcnse  and  the  central  cavity  small.  In 
section  it  appears  as  a  Hnear  cleft  nearer  the  back  than  the  front.  Sometimes, 
however,  especially  in  ivomen,  a  part  of  the  surfaces  is  coated  with  h^aline  cartilage. 
The  total  breadth  of  the  soft  parts  (greater  in  woman  than  in  man)  rarely  exce^s 
five  millimetres.     The  cartilages  are  ensheathed  in  fibres,  tlie  decper  parts  of  which 


Fig.  360. 


Fig.  361. 
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ar^  inseparable  from  them  ;  those  above  and  behind  are  of  little  consequence. 
Th«  anterior  ones  are  in  several  layers,  being  in  part  composed  of  fibres  from  the 
aponeurosis  of  the  external  oblique  and  of  fibres  of  origin  of  the  rectus.  They  are 
in  the  main  transverse,  bm  those  from  the  obliques  run  downward  and  inward, 
sometimes  making  a  distinct  decussation.  The  inferior  or  svbpvbic  fibres  are  cot- 
™^»d  into  a  dense  transverse  band,  bounding  by  the  lower  side  the  pubic  arch  and 
''^"''g  joined  by  the  upper  to  the  fibro-cartilage. 

THE  SACRO-SCIATIC   LIGAMENTS. 
.        These  are  two  Iayers  of  fibres  passing  fmm   the  sides  of  the  sacrum  to  the 
^">Um  and  forming  a  partial  wa!l  for  the  pelvis  at  the  sacro-sciatic  notch,  iihcre  the 
w>ny  walls  are  wanting. 

The  great  or  posterior  sacro-sciatic  ligament'  (Fig.  362)  is  e.\lernal  to 
'J*  lesser,  which  it  conceals  to  u  large  extent.  It  arises  from  the  outer  surface  uf 
"*  pelvis,  beginning  at  the  inferior  posterior  spine  of  the  ilium,  whcre  Its  fibres 
?"'lele  vi-ith  those  of  tlie  posterior  sacro-iliacs,  tlicn  from  the  posterior  edge  cf  the 
'■<ler  of  the  three  lower  pit-ces  of  the  sacrum  and  from  one  or  tivo  of  the  cocc)-.\. 
"^■^  this  broad  origin  it  narrows  an  it  passes  for^vard.  anti  at  the  same  tirne  tuisls 
J?  that  the  outer  surface  bccoines  the  infL-rior  as  it  is  inscrlc-d  into  the  under  side  of 
"^    tuberosity  of  the  ischiimi.      As  it  rcachcs  the  tulxrosity  the  fibres  at  its  inncr 
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border  become  raised  from  the  rest  and  are  inserted  into  the  inner  border  of  the 
ramus  <rf  the  tschium,  from  which  they  rise  in  a  fold,  the  /alci/orm  ligament,  wi(hin 
(he  pelvis,  continuous  with  the  obturator  fascia.  The  ligament  at  its  insertion  into 
the  tuberosity  is  continuous  with  the  fibres  of  origin  of  the  biceps. 

The  lesser  or  anterior  sacro-sciatic  ligament '  ( Fig.  363 ) ,  much  the  smaller, 
is  situated  intemally  to  the  great,  springing  from  the  edge  of  the  sacrum  below 
ihe  junctioii  with  the  ilium  and  from  the  side  of  the  upper  part  of  the  coccyx,  being 
more  or  less  continuous  with  thp  interior  surface  of  the  great.  It  narrovvs  to  its 
insertion  into  the  spine  of  the  ischium. 

The  great  sacro-sciatic  foramen '  ( Fig.  362}  is  bounded  above  by  the  ilium, 
in  front  by  the  iiium  and  the  ischium,  behind  by  the  great  ligament,  and  below  by 
the  lesser.  It  transmits  the  pyriformis  muscle,  the  gluteal,  sciatic,  and  intemal  pudic 
vessels  and  nerves,  and  the  nerves  to  the  obturator  internus  and  quadratus  femoris. 

The  lesser  sacro-sciatic  foramen'  (Fig,  362)  is  bounded  in  front  by  the 
body  of  the  ischium,  above  by  the  lesser  ligament,  and  below  and  laehind  by  the 
ob]ique  border  of  the  great.  Through  it  pass  the  obturator  internus  muscle,  the 
internal  pudic  vessels  and  nerve,  and  the  ner\'e  to  the  obturator  internus. 

The  obturator  membrane'  {Fig.  363)  is  attached  to  the  margin  of  the  fora- 
men of  that  name,  which  it  completely  closes,  except  for  a  small  space  at  the  top  of 
the  groove  under  the  ramus  of  the  pubis.  Sometimes  there  are  perforations.  The 
attachment  at  the  inner  side  is  directly  to  the  sharp  edge  of  the  rami  of  the  pubis 
and  ischium.     At  the  outer  border  it  passes  into  the  periosteum  lining  the  pelvis. 

THE  PELVIS  AS  A  WHOLE. 
The  promontory  of  the  sacrum  and  the  ilio-pectineal  line  separate  the  Ime  pelvis* 
below  from  the/a/se*  above,     The  latter  is  fxninded  by  the  lower  lumbar  vertebrae 
Fig.  364. 


J^**  by  the  tlaring  iUa.     The  trne  pelvis  Is  b 
"V  tHe  bodies  and  symphysis  of  tiie  pubis  in 


bounded  by  the  sacnim  and  coccy.\  behind, 
'"  front,  andby  tlic  sacro-sciatic  ligaments, 
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thc  ischia,  part  of  the  ilU,  and  the  pubic  rami  and  obturator  membrane  at  the  aides 
and  front.  The  plane  ju.st  describcd  as  scparatin^r  the  true  and  false  pelvis  is  the 
plane  o/  t/te  inUt'  of  the  latter.  Its  fjreatest  individual  variations  are  due  to  the 
greater  or  Icss  projection  fonvard  of  the  sacral  promontory.  The  oiitlel'  is  bounded 
behind  by  the  coccyx,  from  the  sides  of  »hich  the  jrrcat  sacro-sciatic  1i(;aments 
pass  to  the  Ischial  tuberosities,  thence  by  the  rami  of  the  ischiu  and  pubt^s.  furming 
the  pubic  arch,  and  by  the  subpubic  li^ament  below  the  symphysis.  It  is  vvidcnt 
that  these  planeš  converge  in  front  and  that  the  axLs  of  the  pelvis  (an  imaginary  line 
in  the  centre,  perpendicular  to  an  indefinite  number  of  intcrmediate  planesj  must  be 
a  curvcd  one. 

The  Position  of  the  Pelvis. — The  plane  of  the  inlct  of  the  pelvis  is  inclined 
to  the  horizon  about  60°  when  the  body  is  upright.  This  inclination  varies  accord- 
ing  to  the  ligiire  and  to  the  individual  peculiarities  of  the  pelvis  itsclf.  Hcrmann 
von  Meyer's  conjugata  vera,  a  line  from  the  top  of  the  symphysis  to  the  line  usually 


Fig.  365. 
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found  in  the  third  sacral  vertebra,  nins  at  about  ,10"  with  the  horizon.  This  is  a  more 
trustuorthv  angle  than  that  of  the  plane  of  the  iniet ;  biit  even  this  is  not  constant. 
!l  is  bctti-r  to  try  to  deterniine  the  proper  position  of  every  pehis  for  itsclf  than  to 
attempt  to  make  ali  confornt  to  one  ungle.  vvhich  for  thi-sc  rcasons  is  impossible. 
The  two  liorders  of  the  cotvloid  notcli  shonUl  Ik-  pnt  in  the  same  k-vel,  uhich  will 
brin^;  the  aiitcrior  sii|H-rior  s|>ines  of  the  ilia  inio  the  siime  vertical  plane  as  the  spines 
of  tiie  pnl>cs.  The  tip  nf  the  coccyx  shimld  bc  at  alK>ut  the  level  of  the  top  of  the 
symphysis  :  owinijf  to  the  many  variations  nI  the  former.  however,  its  |>osition  must 
Ih;  unc-rtain.  The  height  of  the  proniontorv  above  the  symphvsi»  is  about  9.5 
centiniiires  (.^3^  incli<-s)  in  man  and  abont  10.5  ccniinietres  (\^A  inches)  in 
uiim.u). 

The  diameters  <i(  the  trne  ])elvis  of  unman  are  of  gn-at  ])ractical  importance  in 
midivifcrv.  The  stan  d  ar.  Is  an-  ihi-  iintitv-postrrior,  the  Iramveru;  and  ihc  ohligme 
[  the  lilliT  Irom  the  sacro-iliac  juint  to  ihe  acilabiihnn  of  the  opposite  sidej  measured 
at  thi-  inlct.  tlic  mitkt.  and  at  an  iiitc-nnediaic  plaiu-. 
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DIAMETERS  OF  THE  TRUE   PELVIS. 


Cm.  dneh«). 

Cm.a„č5,«). 

Cm.  dneh«). 

Cm.ilneh«), 

Cm.  (IneVa),  Cm.  Unclus). 

Antero-posteric 
Transver5e  .    . 
Obliqiie     .    .    . 

ir     10.35(4) 
.     "-75(5) 
.     12.00(4«-) 

11.5  (4.'^) 
"-0(4?*') 
"■5  (4fi) 

900(3^4) 
10.35  (4) 

10.15  (4l 
13.15  (5!i) 
"■75(5) 

ia-75(5)         11.5(4*4) 
13.75(5)         ll■ol4^i) 
'3-35  (Sk)     «1-5  (4K) 

The  iniiex  of  the  pelvis,  of  interesi  in  anthropology,  is  the  proportion  of  the 
antero-posterior  diameter  to  the  transverse  at  the  pelvic  intet,  the  latter  being  lOO, 
This  index  is  80  for  European  males  and  78  (or  fetnates  (Verneau).  In  the  lower 
races  it  is  considerably  higher,  implying  a  narrower  pelvis.  Peh'es  with  indices 
beIow  90  are  piatyp€llk,  with  indices  from  90  to  95  mesafipellic,  and  above  95 
Jo/ichopellic. 

Another  index  to  show  the  relative  depth  of  the  pelvis  is  the  proportion  of  the 
breadth  between  the  most  distant  points  of  the  itiac  crests  to  the  height  from  the 
top  ol  the  crest  to  the  tuberosity  of  the  ischium,  tlie  latter  being  100.     According  to 

Fro.  366. 


T**l>inard,  this  index  is  126.6  for  male  and  136.9  for  female  Europeans.     It  is  lower 
"^   the  lower  races,  showinfi  that  in  them  the  pelvis  is  rdativelv  deeper. 

Differences  due  to  Sex. — The  scvual  differcnces  of  the  i>elvis  are  far  more 
**"lced  than  those  of  any  other  part  of  the  skcieton.  The  male  pelvis  is  deeper  and 
"^^Touer,  the  female  shorter  and  broadcr.  It  is  to  be  notcd  that  the  greater  breadth 
the  female  applies  essentiallv  to  the  tnic  pelvis.  At  the  inlet  this  is  both  relatively 
*^*i  absolutely  broadcr  in  ivoman.  The  male  promontorv  is  more  projecting,  The 
•"Ost  characteristic  featiirc  is  the  piibic  arch,  \vliLch  is  of  a  miich  grcater  anglc  in 
*'^»nan.  According  to  Verncau.  it  is  from  ,18"  m  77°  in  the  male,  vvith  an  average 
.  ^0°  ;  and  from  56°  to  104°  in  the  female,  vvith  an  average  of  74°.  The  symphv- 
*'^  >s  shorter  in  woman,  and  the  borders  of  the  arch  probably  more  everted.     The 
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greater  lightness  of  the  female  skeleton  shows  particularly  in  this  part  of  the  pelvis. 
It  is  owing  to  the  gjeater  divergence  of  the  rami  that  the  front  of  the  obturator  fora- 
men  is  straighter  in  the  female,  making  it  more  triangular  and  less  oval  than  in  the 
male.  The  spines  of  the  ischia  are  farther  apart  in  woman.  According  to  Vemeau/ 
those  in  man  are  rarely  more  than  10.7  centimetres  (4^  inches)  apart,  and  ohen 
less  than  9  centimetres  (3 Ji  inches)  ;  while  in  woman  they  are  often  more  than  10.7 
centimetres  apart,  and  never  less  than  9  centimetres.  He  states  also  that  in  man 
the  spines  of  the  ischia  are  sometimes  internal  to  the  posterior  inferior  spines  of  the 
ilia,  biit  that  they  are  always  external  to  thcm  in  woman.  The  sacro-sciatic  notch 
is  usually  wider  and  less  deep  in  the  female.  There  is  much  irregularity  in  regard 
to  the  false  pelvis.  The  anterior  superior  spines  of  the  ilia  are  farther  apart  in 
woman.  It  does  not  follow  that  the  same  is  tfue  of  the  most  lateral  points  of  the 
crestsof  the  ilia.  In  powerful  male  bodies  they  are  farther  apart  than  in  female 
ones.  The  vertical  depth  of  the  false  as  well  as  of  the  true  pelvis  is  greater  in 
the  male.  As  has  been  stated  elseuhere,  the  male  sacrum  is  the  more  regularly 
curved.  • 

Developnient. — The  pelvis  of  the  fcetus  and  infant  is  strikingly  small,  and 
continues  relatively  so  for  some  years.  The  peculiaritv  of  its  shape  is  largely  due 
to  the  sacrum.  Even  at  birth  there  is  but  a  very  riidimentary  promontory,  and  the 
sacrum  is  straight  or  nearly  so.  Consequently  the  pelvis  is  funnel-shaped,  being 
largest  above.  The  height  is  greater  in  proportion  to  the  breadth  than  later.  It 
has  been  shovvn  by  Fehling'  and  Thompson'  that  the  sex  of  the  pelvis  may  bc 
recognized  by  the  usual  signs  as  early  as  the  fourth  month  of  fcetal  Hfe.  In  the 
foetus  the  transverse  diameter  of  the  inlet  exceeds  the  conjugate,  especially  in  the 
female.  The  average  subpubic  angle  of  the  foetus  is  50^  in  males  and  about  68^  in 
females.  In  the  latter  the  ischial  spines  are  farther  apart  and  the  sacro-sciatic 
notches  wider.  Although  after  birth  the  promontory  becomes  stronger,  it  has  a 
tendency  to  be  double  partly  above  and  partly  below  the  (irst  sacral.  This  is  cor- 
rected  at  a  very  indefinite  time  in  early  childhood.  Of  the  details  of  the  changes  by 
which  the  great  diffcrence  betvveen  the  sexes  is  brought  about  we  know  very  Httle. 
Waldeyer  *  states  that  the  external  measurements  of  the  female  pelvis  surpass  those 
of  the  male  from  the  eleventh  to  the  fifteenth  year,  but  particularly  from  the  foiir- 
teenth  to  the  sixteenth.     The  growth  of  the  male  pelvis  is  more  regular. 

Mechanics  of  the  Pelvis. — The  mechanical  function  of  the  human  pelvis, 
apart  from  protecting  the  viscera,  is  chiefly  to  support  the  spine,  whether  sitting  or 
standing.  The  interruptions  of  the  bonv  girdle  at  the  symphysis  and  the  sacro-iliac 
joints  add  to  the  strength  of  the  structure  and  break  shocks.  There  is,  hovvever,  a 
real  motion  at  the  sacro-iliac  joints  which.  slight  under  ordinary  circumstances,  is  of 
importance  in  childbirth.  The  weight  of  the  body  transmitted  through  the  spine 
may  theoretically  be  said  to  tend  to  force  the  sacrum  do\vn  between  the  innominate 
bones  and  also  to  carry  the  promontory  down\%'ard  and  fonvard  into  the  pelvis,  the 
sacrum  rotating  on  a  transverse  axis  passing  through  the  second  piece  at  the  sacral 
canal.  Motion  in  the  former  direction  does  not  occur,  but  in  the  latter  it  may  to 
a  slight  degree.*  With  the  lx)dy  Iving  on  the  back,  if  the  legs  are  strongly  flexed 
and  pressed  against  the  abdomen,  the  pelvis  rotatcs  on  the  sacrum,  the  symphysis 
rises.  and  the  antero-posterior  diameter  of  the  inlet  is  lessened  ;  if  the  legs  be  strongly 
extended  by  being  brought  down  over  the  edge  of  the  table,  this  diameter  is  in- 
creased,  the  difference  bet\veen  the  extremes  ix?ing  one  centimetre.  At  the  end 
of  pregnancv  these  joints,  as  \vell  as  that  of  the  symphysis,  are  loosened  so  as  to 
admit  of  more  motion,  which  is  no  douht  of  real  v«ilue.  Assuming,  as  at  first,  the 
pelvis  t<»  be  the  lixed  part.  the  tendency  to  displacement  of  the  sacrum  in  either  of 
these  (lirections  is  resiste<l  by  the  posterior  sacro-iliac  ligaments.  The  sacrum  is  not 
really  a  kevstone,  for  the  anterior  surface  is  broader  than  the  posterior,  except  in 
some  few  sections. 

'  I.e  iKissin  dans  les  sexes  irt  dans  les  race,  Pariš,  1S70. 
'  .*\rrh.  fiir  Ciynakt»l.,  Ud.  x.,  1K76. 

•  Journal  of  Anatomv  and  Physiolo;jy,  vol.  xxxiii.,  1899. 

•  I')a<;  Recken.  I^»nn.  1H99. 

•  (f.  Klein  :  Zeitschrift  fiir  Cieburtshulfe  und  Gvnakol.,  Bd.  xxi.,  1891. 
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The  weight  in  standing  is  transmitted  to  the  thigh  bones,  in  sitting  to  the 

tu  l:>^rosities  of  the  ischia  ;  in  both  cases  the  parts  of  the  pelvis  running  to  the  pubes 

act    as  "ties**  to  prevent  the  spreading  of  the  arch.      The  circumference  of  the 

acetabulum  is  of  strong  bone  to  resist  pressure  from  the  joint,  and  in  the  erect 

position   a  strong  part  runs  from  the  socket  directly  upward   to  the  crest  of  the 

Uium.     The  thinness  of  the  bottom  of  the  acetabulum  in  aH  ages  and  the  meeting 

tfi^re  in  childhood  of  the  three  bones  make  it  a  weak  placc. 

Surface  Anatom/. — The  anterior  superior  spine  of  the  ilium  is  easily  felt, 
bu^  čare  must  be  taken  not  to  mistake  for  it  a  swelling  of  the  crest  an  inch  or  more 
bdmiiid  it.  To  make  sure  of  this  spine  as  a  point  for  measurements,  the  finger 
shoi^ld  be  carried  o  ver  it  from  the  crest  and  then  back  again  till  it  is  arrested  by 
tH^  overhanging  spine.  The  anterior  inferior  spine  cannot  be  felt.  The  outer 
lip  oi  the  crest  of  the  ilium  can  easily  be  followed  to  the  posterior  superior  spine, 
vHicrh  is  marked  by  a  dimple,  and  is  on  a  level  with  the  middle  of  the  sacro-sciatic 
joiTm^«  The  tuberosity  of  the  ischium  is  readily  felt,  but  it  is  too  thickly  covered  for 
de^t^Lmls  to  be  recognized.  A  line  drawn  from  the  posterior  superior  spine  to  the  outer 
of  the  tuberosity  of  the  ischium  will  cross  the  inferior  spine  of  the  ilium  and  the 
i  of  the  ischium.  A  line  from  the  same  point  to  the  top  of  the  greater  trochanter 
will  pass  very  close  to  the  highest  point  of  the  great  sacro-sciatic  notch.  The  sym- 
pl^>r^is  of  the  pubes  and  most  of  the  borders  of  the  pubic  arch  can  be  felt.  The 
spi»m^  of  the  pubes  can  be  recognized,  but  usually  not  without  some  difficulty.  It 
ni€fc>r  be  necessary  to  feel  for  it  beneath  the  skin  by  invaginating  the  scrotum  or 
lal>ivain.  In  woman  it  is  nearly  2.5  centimetres  from  the  median  line  ;  in  man  some- 
wKa.t:  less. 

PRACTICAL   CONSIDERATIONS. 

Junlure  of  development  in  the  separate  bones  of  the  pelvis  produces  certain 

w<k11— lcnown  deformities.      In   the  sacrum,   the  arch  of  the  upper   sacral  vertebra, 

y^l^icrli  is  formed  later  than  the  others  and  varies  notably  in  thickness,  is  frequently 

incroraplete,  which  results  in  the  very  common   occurrence  of  spina  bifida  at  this 

r&grion  (page  105 1). 

^hen  the  pelvic  girdle  is  incomplete  anteriorly,  there  is  an  inter\'al  of  several 

ii^clics  between  the  pubic  bones,  and  aH  the  bones  of  the  pelvis  are  changed  some- 

^^at  in  shape  and  direction.     The  defect  may  be  associated  with  exstrophy  of  the 

"»^dcler,  epispadias  in  the  male,  split  clitoris  in  the  female,  double  inguinal  hemia, 

^^^opia  of  the  testicles,  and  sometimes  ventral  hernia  from  separation  of  the  recti 

n^uscles. 

Deformities  of  the  pelvis  have  even  more  interest  to  the  obstetrioian  than  to 
the  surgeon.  The  usual  differences  betvvecn  the  male  and  female  pelves  are  some- 
rni es  absent,  constituting  an  abnormalitv,  though  perhaps  stopping  short  of  actual 
^?^orTnity.  The  so-called  mascu/ine  pelvis,  for  example,  is  characterized  by  a 
"^•'^inution  in  the  breadth  of  the  pubic  arch  and  an  increase  in  the  pubic  angle. 

The  female  pelvis,  as  compared  with  that  of  the  male,  is  lighler,  less  compact, 
niore  expanded,  shorter  in  vertical  depth,  broader  at  the  inlet,  with  a  greater  angle 
?*  its  pubic  arch,  a  lesser  curve  in  the  sacrum,  and  a  greater  separation  between  the 
"^^hial  spines,  and  is  thus  more  perfectly  adapted  io  the  purposes  of  parturition. 

The  chief  deformities  due  to  faulty  development  mav  be  at  least  enumerated 

on  account  of  their  importance  in  this  relation.      In  the  simple  flat  pelvis  the 

-ro-posterior  diameter  is  contracted  by  the  advancement  of  the  sacrum  in  a  down- 

1  and  foru-ard  direction  betucen  the  iliac  bones.     The  eguai/v  contracted  pelvis 

^^^nibles  a  miniature  normal  female  pelvis  with  other  peculiarities  that  approxi- 

^-^e  it  to  the  infantile  tvpe.     The  funnel-shaped  pelvis  is  contracted  transversely 

,       "the  outlet  in  both  the  antero-posterior  and  transverse  diameters,  the  cavity  is 

^"^"per,  the  sacrum  is  narrow  and  less  curved.     These  peculiarities  are  found  in 

^'"V  early  life,  and  hence  this  is  also  known  as  the  fa:iai  pelvis.     The  oblignelv  con- 

^^^^^  Pelvis  is  due  to  imperfect  development  of  the  ala  on  one  side  of  the  sacrum, 

*^*ch  is  associated  with  many  secondarv'  deformities,  amonj^^  them  a  lack  of  curva- 

Mt^  of  the  innominate  bone  on  the  affected  side.     The  transverselv  contracted pehi s 

^hich  both  sacral  alae  are  undcveloped  is  rarest  of  ali  contracted  pelves.     The 


346  HUMAN   ANATOMV. 

functional  importance  of  these  pelvic  contractions  should  be  studied  in  connection 
with  the  mechanism  of  labor. 

The  pel  v  is  inay  be  deformed  as  a  result  of  morbid  conditions  in  other  paits  ol 
the  skelcton.  A  lateral  curvature  of  the  lumbar  spine  to  the  left  niay  thus  be  ac- 
companied  not  only  by  the  usual  conipensatory  dorsal  curve  to  the  right,  but  by  a 
curve  in  the  latter  direction  in  the  sacruin,  the  upper  margin  of  which  will  be  higher 
on  the  right  side  than  on  the  left.  Even  the  corresponding  rotation  will  take  piace» 
and  the  ala  on  the  concave  side  will  be  rotated  forward,  as  are  the  transverse  pro- 
cesses  of  the  dorsal  vertebra. 

lrregularity  in  the  iengtjis  of  the  lower  limbs  may  produce  a  similar  curve  in 
the  sacrum. 

In  both  cases  the  whole  pelvis  will  be  tilted  laterally,  the  iliac  crest  being 
higher  on  the  convex  side  of  the  sacrum.  It  has  been  suggested  that  this  continu- 
ation  of  a  spinal  curvature  into  the  sacrum  is  somctimes  a  cause,  and  not  a  result,  of 
the  obliquely  contracted  pelvis  described  above,  with  which  it  is  often  associated, 
but  which  is  regarded  as  congenital  in  its  origin. 

Humphry,  after  describing  the  ring  of  the  pelvis  as  heart-shaped,  and  calling 
attention  to  the  wide  arch  with  a  flattcned  or  depressed  centre  of  the  upper  or 
posterior  half,  and  the  greater  curve  with  flattening  at  the  ilio-pectineal  regions 
of  the  lower  or  anterior  half,  says,  "It  results  from  this  configuration  of  the  pel- 
vic  ring  that  it  is  ueakest  at  i\\Q  points, — viz.,  at  or  a  little  external  to  both  sacro- 
iliac  synchondroses,  at  the  svmphvsis  puhis,  and  midway  between  the  latter  and 
the  acetabula.  Hence  fractures,  whether  from  falls,  blo\vs,  or  foreign  bodies  pass- 
ing  over  the  pelvis,  are  most  frequent  at  these  points." 

In  studving  the  clinical  eflects  of  traumatism  applied  to  the  pelvis,  it  is  helpful, 
however,  to  consider  it  with  reference  to  its  various  functions, — /.^.,  (a)  as  inter- 
posed  between  the  vertehral  column  and  the  lower  cxtremities  as  a  weight-carrier  ; 
(d)  as  a  means  of  providing  for  the  motions  of  the  trunk  upon  the  lower  limbs  and 
of  affording  advantageous  points  of  attachment  for  the  muscles  which  effect  that 
motion  ;  (c)  as  a  bony  protection  or  receptacle  for  the  abdominal  and  pelvic 
viscera. 

I.  If  it  is  viewed  as  a  bony  ring  l>etween  the  spine  and  the  thigh  bones, 
intended  to  transmit  the  weight  of  the  head  and  trunk  from  the  former  to  the  latter, 
the  pelvis  may  be  regarded  as  made  up  of  two  main  arches,— one  which  is  in  use 
when  standing,  the  other  whcn  sitting.  The  sacrum  is  the  point  of  union  of  both 
these  arches, — one,  the  femoro-sacral  C  Morris),  extending  from  the  acetabulum 
through  the  strong  thickened  mass  of  bone  indicatcd  on  the  inner  surface  by  the 
upper  thirckof  the  ilio-pectineal  line  to  the  sacrum  through  the  sacro-iliac  joint ;  the 
other,  the  iscliio-sacral,  extending  from  the  tuber  ischii  through  the  strong  bony 
mass  at  the  posterior  edge  of  the  acetabulum  to  the  same  point.  These  are  the 
essential  weight-carrying  portions  of  the  pelvis. 

Although  Cunningham  savs  that,  as  the  sacrum  narrows  towards  its  dorsal  sur- 
face, and  is  reallv  susj)ended  from  the  iliac  bones  by  the  posterior  sacro-iliac  Hga- 
ments,  it  cannot  be  considered  as  the  keystonc  of  an  arch,  yet  the  union  between 
the  sacrum  and  the  ilia  is  so  close  by  virtuc  of  these  powerful  ligaments,  of  those 
upon  the  anterior  aspect,  and  of  the  recijjrocal  irregularities  of  the  sacro-iliac  articu- 
lar  surfaces,  that  the  objcction,  though  technicallv  correct,  is  clinicallv  a  theoretical 
one  only.  In  describing  the  mechanics  of  the  remaining  or  accessorv  portions  of 
the  pelvis,  regarded  as  a  weight-carrier,  Morris  calls  attention  to  the  fact  that  when 
much  strength  is  essential  in  an  arch,  it  is  often  prolonged  into  a  ring  so  as  to  form 
a  counterarch,-  /.r. ,  the  ends  of  the  arch  are  tied  together  to  prevent  them  from 
starting  out\vard.  A  portion  of  anv  weight  to  be  rarried  by  the  arch  is  thus  con* 
veyed  to  the  centre  of  the  counterarch,  and  borne  in  what  is  called  the  sine  of  the 
arch.  In  the  pelvis  '*the  lK)dy  and  horizontal  rami  of  the  puhes  form  the  tie  or 
counterarch  of  the  femoro-sacral,  and  the  united  rami  of  the  puhes  and  ischium  the 
tie  of  the*  ischio-sacral  arch."  The  ties  of  both  arches  are  united  in  front  at  the 
svmphvsis  puhis,  \vhich,  like  the  sacrum.  is  common  to  lx)th  arches. 

It  can  now  Ik«  un(U'rstoo<i  how  and  \vhy  a  fall  upon  the  feet.  or  a  crush  eithcr 
anlero-posterior  or  lateral  in  direction,  though  such  dissimilar  accidents,  aresoapt  to 
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produce  fracture  of  the  horizontal  or  the  descending  ramus  of  the  pubes,  the  ramus 
of  the  ischiutn,  or  of  the  ilia  extemal  to  the  sacro-ihac  junctiun. 

If  the  accident  has  been  a  fall  upon  the  feet,  the  in)ury  will  probably  be  contined 
to  the  acetabulum  or  to  the  pubes.  In  young  subjects  the  acetabulum  may  be  sep- 
arated  into  its  three  anatomical  components  (Fig.  355),  or  a  portion  of  the  rim  niay 
be  broken  off,  or  in  rare  cases  the  head  of  the  femur  may  be  driven  through  into  the 
pelvic  cavity. 

H  the  traumatism  has  been  a  crush  in  the  antero-posterior  direction,  the  pubes 

wilLprobably  firet  fracture  ;  if  the  force  is  continued,  the  protection  afiorded  by  the 

"  tie  arch"  having  been  withdrawn,  thepressure  comes  upon  the  main  arches,  which 

tend  to  open  out.     A  portion  of  one  of  these  arches  may  then  give  way,  and  a  sec- 

Ond  fracture  may  occur  through  the  ilium  into  the  sacro-sciatic  notch,  or  verticaHy 

through  the  sacrum  itself.      More  commonly,   however,  the  anterior  sacro-sciatic 

ligaments  give  way  and  a  certain  ainount  of  disjunction  of  that  joint  occurs,      Even 

it  the  cnishing  force  is  applied  lateraliy,  it  is  usual  to  find  the  pubes  again  fractured 

f  rom  indirect  violence.    If  the  application  of  the  force  is  continued,  the  strain  comes 

%Mpoa  the  posterior  sacro-iliac 

Jšjgaments,  which  niay  rupture, 

£7Ut  are  more  Iikely  to  with- 

sC'3nd  the  violence,  which  then 

rxx^y  result  in  the  tearing  away 

o^    ^  portion  of  the  bone  into 

»^^icti  the  hgament  Is  inserted. 

The  pubic  fracture  is  dis- 

c«>"v-^aable  by  the  usual  means. 

J^*^^    vertical  fracture  of   the 

ilšv^rs-i  or  the  disjunction  of  the 

sa.«r»r-o-iliac    synchondrosis  an- 

t&*~»c»rly  should    be   suspected 

if       tl-»ere  is  pain  in  the  rcgion 

s*^Ii»p>lied  by  the  superior  glu- 

te^l ,      the    lumbo-sacral,     the 

'*¥^I>«r  sacral    nerves,    or    tlie 

o^tijiator, — i.f.,  in  the  sacral 

i^^ion,  tlie  buttock,  the  baclc 


the  prlvi! 


,  ,  r  part  of  the  thigh,  or  the  knee, — on  account 

ot     ihe  relation  of  theee  nerves  to  the  anterior  surface  of  the  joint. 

Marked  ecchymosis,  swelling,  and  tenderness  over  the  sacro-ihac  rcgions  pos- 
tc^Orly  indicate  tearing  of  the  posterior  ligaments  or  the  fracture  by  arrachetnent 
Wiat    has  been  de3cril>ed. 

In  atl  these  cases  the  graviiy  of  the  iniury  depends  upon  the  presence  or  absence 
•*'  ■visceral  complications.  If  a  doulile  vertical  fracture  exists,  extending  through 
the  rami  of  the  pubes  and  ischium  in  front  and  through  the  itium  ncar  the  sacro- 
"•^c  junction  posteriorlv,  it  is  obvioiis  that  there  will  be  one  large  fragment  of  the 
P^lvis  more  or  less  movable,  to  which  the  femur  on  that  sidc  is  connected.  This 
f*^'*  «3  iti  on  may  be  associated  wilh  upward  displacement  of  the  fragment,  carrying  the 
**"^Ur  wilh  it,  and  it  may  give  rise  to  a  mistaken  diagnosis  of  fracture 'of  the  neck  of 
the  femur.  Itshould  be  remembered.  as  Tillaus  has  pointed  out,  that  in  the  pelvic 
'osi^^jj  ([,g  relation  of  the  greater  trochanter  to  the  anterior  superior  iliac  spine  is 
"^"~***al,  and  the  real  length  of  the  limb  on  the  atTected  side  is  the  same  as  that  on 
the  sound  side. 

2.  Other  fractures,  as  tbose  through  the  lateral  e.xpansions  of  the  ilia,  and 
^*'T*liyseal  separations  involving  the  pelvis.  have  relation  more  especi,illy  to  its 
■Jction  as  affording  a  nicans  of  moving  the  trunk  upon  the  lower  limte.  The 
*f*?Physes  chiefly  separatcd  are  those  of  (a")  the  iliac  crest,  (b')  the  anterior  superior 
'P»»ie,  (c)  the  posterior  superior  spine,  and  {d)  the  anterior  inferior  spine. 
.  .  The'lirst  three  of  these  are  oficn  united  in  one  long  epiphysis,  bul  portions  of 
^'*  niay  be  detache*!  separately  by  muscular  action  or  by  direct  violence.  Cases  of 
^^Pafation  of  the  anterior  superior  spine  by  the  action  of  the  abdominal  muscles 
***^  by  that  of  the  sartorius  have  been  reportcd. 
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The  anterior  inferior  spine,  which  is  peculiar  to  the  human  pelvis,  and  af!ords 
a  slijjht  leverage  which  partly  enables  the  rectus  femoris  to  overcome  the  disadvan- 
tage  of  the  erect  position,  has  been  torn  of!  in  the  act  of  running. 

Although  the  ischial  tuberosities  are  subjected  to  enormous  puli  from  the  pow- 
erful  hamstring  muscles,  as  in  the  act  of  suddenly  straightening  the  trunk  from  a 
bending  position  (when  these  bones  project  far  behind  the  axial  plane  and  thus  ofier 
better  leverage),  their  epiphyseal  disjunction  or  their  fracture  from  muscular  action 
is  practically  unknown.  From  direct  violence  both  of  these  lesions  occur,  but  with 
great  rarity. 

3.  Considered  in  relation  to  the  abdominal  and  thoracic  viscera,  the  injuries 
and  diseases  of  the  bones  of  the  pelvis  are  of  great  importance.  Fractures  of  the 
false  pelvis  have  been  followed  by  fatal  wound  of  the  sniall  intestine.  Fractures 
running  through  the  brim  of  the  pelvis  have  been  associated  \vith  hemorrhage  from 
the  iliac  vessels  :  fractures  of  the  pubis  and  ischium  have  constantly  been  compli- 
cated  by  wounds  of  the  urethra  and  bladder,  and  even  of  the  rectum.  The  pos- 
sibility  of  these  complications  should  never  be  forgotten.  The  obvious  ana- 
tom ical  reasons  for  their  occur  renče  will  be  recurred  to  when  these  viscera  are 
described. 

Disease  of  the  pelvic  bones,  like  their  deformities,  is  of  chief  imp>ortance  in  its 
relation  to  ])arturition. 

In  rickets  the  shape  of  the  j)elvis  is  modified  through  the  medium  of  the  super- 
imposed  weight  of  the  trunk  and  through  the  puli  of  muscles  resisted  by  the  inter- 
osseous  ligaments. 

The  weight  of  the  body,  aided  by  the  psoas  muscles,  tends  to  press  the  sacrum 
downward  and  fonvard  bet\veen  the  iliac  bones  and  to  rotate  the  upper  end  fonvard 
on  a  transverse  axis.  The  sacro-sciatic  and  sacro-iliac  ligaments  resist  this  force, 
which  thus  results  in  thrusting  the  promontory  of  the  sacrum  towards  the  pubes  and 
in  increasing  the  sacro-vertebral  angle,  or  making  a  sharp  bend  in  it,  often  at  the 
junction  of  the  fourth  and  fifth  sacral  vertebne.  The  sacro-iliac  ligaments  convey 
this  movement  to  the  posterior  superior  spinous  processes,  \vhich,  advancing  some- 
what  foru'ard  and  in\vard,  would  tend  to  throw  the  anterior  half  of  the  innominate 
bones  outward.  These  are  held,  ho\vever,  firmly  at  the  symphysis  and — much  less 
effectivelv — by  Poupart*s  ligament.  The  ilia  are  thus  thrown  outward  and  back- 
ward,  so  that  the  distance  l>etween  their  spines  may  be  equal  to  or  greater  than 
that  lx!tween  the  summits  of  the  crests.  As  a  further  result  of  these  combined 
forces  pushing  the  innominate  bones  forward  from  l>ehind  and  holding  them  in  plače 
in  front,  they  are  abnormally  curved,  as  a  b<:)w  is  bent  between  one' s  hand  and  the 
ground  (Hirst).  This  bending  of  the  ilia,  together  with  the  puli  of  the  extemal 
rotators  of  the  thigh  (increasecl  by  the  usual  bowing  of  the  femurs),  carries  the 
tuberosities  of  the  ischium  outvvard,  so  that  they  diverge  like  a  monkey*s,  fiattentng 
and  widening  the  pubic  arch  and  increasing  the  transverse  diameter.  The  weight  of 
the  trunk  on  the  summit  of  the  sacrum  is  so  much  the  most  effective  and  continuous 
force  applied  as  the  growing  child  walks  or  stands  that  the  whole  pelvis  is  tilted 
for\vard  on  its  transverse  axis,  the  inclination  of  the  superior  strait  being  increased 
and  the  exiernal  genitals  displaced  back\vard. 

In  ostcomalacia  the  hones  are  much  softer  than  in  rickets  and  the  mechanism 
of  the  pelvic  def()rmity  is  simpler.  The  sacrum  vields  undcr  the  pressure  of  the 
bodv  weight,  and  becomes  acutely  angulated  and  driven  forM'ard  and  downward  into 
the  pelvis  ;  the  ischia  and  [)ubes  are  pushed  inward  and  backward  by  the  force 
transmitted  through  the  acetalnila,  the  puhle  angle  is  greatly  increased,  and  the 
pelvis  assumes  an  irregularlv  triangular  or  *  *  triradiate* '  shape. 

The  rhachitic  and  osteomalacic  pelves  may  approximate  each  other  in  shape,  but 
are  usuallv  distinct. 

Fx()stoses  of  the  pelvis  are  usually  found  over  one  of  the  joints,  or  at  potnts  of 
muscular  or  fascial  attachment,  as  along  the  pubic  crests  \%'here  the  iliac  fascia  is 
inserted. 

Rnchondroma  is  relativelv  comnicm  in  the  pelvis,  and  other  growths  occasion- 
ally  originate  there. 

Congenital  tumors  are  often  found  in  the  sacro-coccvgeal  region.     Their  shape 
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sometimes  reseinbles  the  tail  of  lower  animals.  They  frequently  arise  from  the  a.a- 
terior  part  of  ihe  coccyx  behind  the  rectum,  and  coiitain  muscular,  bony,  epithelial, 
or  cartilaginous  elemetits  in  an  imperfect  and  fragmentary  condition.  When  a  third 
loner  limb  is  found  connected  wilh  this  pari  of  tlie  pelvia,  the  condilion  is  known  as 
"  tripodism, " 

In  some  of  the  reported  cases  ol  parasitic  fcetuses  the  point  of  junction  has  been 
m  this  region. 

Sinuses  over  the  sacrum  and  coccyx  occasional)y  persist  after  abscesses  following 
t>(ows  or  falls.  If  the  pus  has  iravelled  in  a  latcral  direction,  the  suppiirating  track 
»ill  be  found  to  lead  to  the  region  of  origin  of  the  tcndinous  sacral  and  coccygeal 
ttbres  of  the  gUiteus  masimiis.  The  probe  may  catch  against  these  points  and  give 
a  kind  of  grating  sound.  like  that  due  to  bare  or  dead  bone.  The  continuance  of  the 
sinuses  is  not  the  result  of  necrosis,  but  is  due  to  the  unyielding  character  of  the 
tcndinous  structures.  This  prevents  apposition  and  union  of  the  sinus  walls  until 
tension  has  been  removed. 

LiBndniarks. — Anteriorly,  the  anterior  superior  spinous  process  of  the  ilium  is 

most  easily  recognized  as  a  prominence  at  the  outer  end  of  the  fold  of  the  groin, 

/ji    very  iat  subjects  its  situation  is  indicated  bj-  an  obhqiie,  slightly  elongated  de- 

f>r'ession.      It  is  a  little  alxive  the  level  of  the  proniontory  of  the  sacrum,      Running 

u^^Mi^ard  and  outward  and  curving  backuard  in  an  irregularly  S-shaped  line  is  the 

il'^<=  crest.      In   muscular   subjects   the  fibres  of   the 

eJct^smal  obUque  overhang  the  crest,  causing  a  crease  Vio.  368. 

'»>       ^he   soft  parts  which  lie  between  these  fibres  and 

tl»«:>^se  of  the  gluteus  medius  a  little  below  the  levcI  of 

tl»^      crest  ;  it  is  known  as  the  "iliac  (urrow."     It  is  less 

— ked  where  the  crest  passes  beiow   the   tcndinous 

don  of  the  erector  spins. 

The  posterior  superior  spine  is  not  so  promlnent 
*:he  anterior,  but  may  easllv  be  found  by  following 


tl^c 


crest  to  its  posterior  termination. 


Its 


i  position  IS 
****iicated  by  a  slight  depression  on  the  surface  on  a 
••^■V^l  w'th  the  second  sacral  spine  and  behind  the 
?*»<i<f1e  of  the  sacro-iliac  joint.  The  third  sacral  spine 
•**^s»  just  below  in  the  mid-line,  and  indicates  the  level 
***  ■^vhich  the  membranes  of  the  cord  enclose  a  distinct 
*I*^«»,  and,  therefore,  the  lowest  point  at  which  cerebro- 
•P*»»»ai  fiuid  can  be  found.  The  curvt  of  the  sacrum 
^^^^  COccyjt  may  be  traced  to  the  tip  of  the  latter. 
,  _  The  ischial  tuberosities    are    easily  fell  when  the 

Ji^S*  is  flexed  and  the  fibres  of  the  gluteus  maximus  are 
***^s  withdrawn.  A  bursa  is  interposed  betw-een  them 
i??^  the  iayer  of  subcutaneous  fat  which  covers  them. 
ry  can  be  felt.  but  with  more   ditficultv.   through 

gluteus  fibres  when  the  hip  is  in  e.\tension.      Five        DiaBiam showii^ N*iBions line. 
^^ ;  ■  ^imetres  (two  inches)  below  the  posterior  superior 
''^"J^e,    on  a  line  drawn  from  it  to  the  outer  part  of  the  tuberosity,  lies  the  pos- 

■  ■"»»zir  inferior  spine,  and  five  centimetres  (two  inches)  lower  stili  the  spine  ol  the 
i^^^**ium.      The  sciatic  and  intcrnal   pabic    artcries  emerge    at  the  junction  of    the 

■  ^*^^*r  and  middle  thirds  of  this  line.  The  pudic  artery  crosses  the  spine  of  the 
^^r"^ium  on  its  way  between  the  great  and  small  sacro-sciatic  foramina.  A  line, 
.  **«^  N^iaton's,  drawn  from  the  anterior  superior  spine  to  the  prominence  of  the 
,.^^^^r  touches  the  top  of  the  greater  trochanter  and  crosses  the  centre  of  the  ace- 
^^'^»^lum  (Fig.  368). 

_     The  pubic  symphysis  may  be  felt  indistinctly  and  the  horizontal  rami  more 

^^    ,    The  pubic  spine  is  readilv  felt  in  thin  pcrsons.     In  fat  males  it  may  be  most 
^^*'ly  found  by  invaginaiing  the  scrotnm.     In  cither  se.t  the  tendon  of  the  adductor 
^J^55T)s — made  tense  by  abductinc;  the  thigh — is  an  unfailing  guidc  to  it.      It  lies  on 
level  of  the  upper  edge  of  the  greater  trochanter.      It  is  just  below  and  a  little 
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internal  to  the  external  abdominal  ring,  and  is  on  the  outer  side  of  an  inguinal 
hernia  and  on  the  inner  side  of  a  femoral  hernia. 

With  the  finger  in  the  rectum,  the  tip  of  the  coccyx  and  a  Httle  of  the  anterior 
curve  can  be  felt,  as  \vell  as  the  small  sacro-sciatic  ligaments  leading  to  the  ischial 
spines.  Latcrally,  the  tuberosities  of  the  ischium,  the  smooth  bone  forming  the 
wall  of  the  pelvis,  and  the  structures  back  of  the  acetabulum  (page  1693)  can  be 
palpated. 

Through  the  vagina  the  configuration  of  the  subpubic  arch  can  be  felt,  also 
the  pelvic  wall  to  either  side.  If  the  promontory  of  the  sacrum  can  be  touched, 
it  indicates  deforniity  accompanied  by  diminution  of  the  antero-posterior  pelvic 
diameter. 

With  the  hand  in  the  rectum,  the  brim  of  the  pelvis,  the  arch  of  the  pubes,  the 
sacral  promontory,  the  curve  of  the  sacrum  and  coccyx,  the  spines  of  the  ischium, 
and  the  margins  of  the  sacro-ischiatic  foramina  can  be  palpated. 

The  Joints  of  the  Pelvis. — The  sacro-lumbar  joint  has  a  wider  range  of 
movement  than  any  of  the  joints  bet\veen  the  contiguous  dorsal  or  lumbar  verte- 
brae.  This  is  due  to  the  greater  thickness  of  the  intervcrtebral  substance,  permit- 
ting  f)exion  and  extension,  and  to  the  fact  that  the  infcrior  articulating  processes 
point  more  antero- poster iorly  than  those  of  the  other  lumbar  vertebrae,  thus  admit- 
ting  of  more  rotation  on  a  vertical  axis. 

In  spite  of  this,  on  account  of  the  strength  of  the  ligaments  of  the  joint,  and 
more  particularly  for  the  reasons  that  tend  to  localize  the  effect  of  traumatism  some- 
what  higher  in  the  spine  (page  145),  sprain  and  disease  of  the  sacro-lumbar  articu- 
lation  are  both  uncommon. 

Overextensi()n  of  the  joint  is  brought  about  if  with  the  body  prone  the  shoul- 
ders  are  raised  while  the  hips  are  fixed.  Pain  thus  produced  suggests  lumbar  or 
sacro-lumbar  disease,  as  in  sacro-iliac  disease  this  movement  is  often  p>ainless. 

The  sacro-coccvgeal  joint  is  not  infrequently  strained  by  falls  upon  the  buttocks, 
and  occasionally  the  coccyx  is  displaced  forward.  The  joint  is  sometimes  the  subject 
of  disease.  The  symptoms  are  very  similar  in  ali  these  conditions.  The  attachment 
of  the  gluteus  maximus  makes  a  change  from  a  sitting  to  a  standing  posture  or  the 
reverse  movement  painful  ;  it  also  causes  pain  if  long  steps  are  taken  or  if  running 
is  attempted,  and  this  is  aggravated  by  the  action  of  the  hamstring  muscles  through 
the  medium  of  the  great  sacro-sciatic  ligament.  As  the  fixed  point  of  the  extemal 
sphincter  is  at  the  tip  of  the  coccyx,  and  as  the  levator  ani  is  inserted  into  the  sides 
of  the  tip,  defecation  is  associated  with  movement  in  this  joint,  and  therefore  wilh 
pain.  The  latter  is  often  disproportionate  to  the  aj>parent  severity  of  the  injury  or 
disease,  and  there  may  be  also  great  tenderness  to  the  touch  posteriorly,  with  no  swell- 
ing  or  local  heat.  As  these  cases  chiefly  occur  in  women,  Hilton  thinks  that  they 
are  truly  **  hysterical,''  and  calls  attention  to  the  intimate  structural  communication 
between  the  many  sacral  nerves  spread  over  the  [>osterior  surface  of  the  sacrum  and 
coccyx  and  the  anterior  sacral  nerves,  which  join  with  the  hyi)ogastric  plexus  of  the 
sympalhetic  \vithin  the  pelvis  and  thence  proceed  to  the  uterus  and  ovaries. 

The  motion  of  the  sacro-coccygeal  joint  is  of  great  importance  in  its  relation 
to  obstetrics.  Ankylosis  occurs,  «'is  a  rule,  l)et\veen  the  thirtieth  and  fortieth  years, 
but  the  joint  between  the  first  and  second  sacral  vertebra*  usuallv  remains  unaflfected, 
and  leaves  the  capacity  for  antero-posterior  expansion  during  labor  practically  un- 
impaired. 

The  Sacro-Iliac  Joint. — Injury  to  and  disjunction  of  this  joint  have  been  sufli- 
cientlv  descril)ed  under  Fractures  of  the  Pelvis  (page  347). 

Disease  of  the  joint,  on  account  of  its  strength  and  immobilitv,  is  rare.  It  is 
usually  tuberculous  in  character,  and  is  often  secondary  to  suppuration  beneath  the 
ilio-]>soas  from  disease  of  the  spine,  ilium,  or  hip.  Pain  is  felt  on  standing,  walkingf, 
or  sitting,  as  the  sacrum  in  aH  these  positions  bcars  the  ueight  of  aH  the  super- 
in('uml)ent  structurirs,  and  r)n  account  of  its  shape  C  page  346)  transmits  it  to  the 
siicro-iHac  svnchondrosis.  The  pain  is  increased  hy  coughing.  straining,  or  twisting 
the  loins, — i,e.,  by  \vhatever  calls  into  action  the  muscU^  attached  to  the  ilium. 
Through  the  relation  of  the  superior  gluteal  nerve  to  the  front  of  this  joint.  pain  is 
often  felt  in  the  buttock,  and  there  is  wasting  of  the  deej>  gluteal  muscles.     Th<» 
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rdation  of  the  lumbo-sacral  cord,  the  upper  sacral  nerves,  and  the  obturator  has 
already  been  mentioned  (page  347). 

The  body  is  inclined  to  the  sound  side,  so  that  when  sitting  the  pressure  on  the 
diseased  structures  may  be  lessened,  and  when  standing  separation  of  the  joint  sur- 
faces  inay  be  secured  by  the  weight  of  the  lower  limb.  The  length  of  the  latter  is 
apparently  increased  on  account  of  a  downward  rotation  of  the  innominate  bone  on 
the  affected  side,  but  measurements  from  the  anterior  spines  to  the  malleoli  will  be 
the  same.  Tendemess  on  direct  pressure  may  be  elicited  just  below  the  posterior 
iliac  spine  ;  on  indirect  pressure  by  squeezing  the  ilia  together  or  by  separating 
them  so  as  to  put  the  anterior  ligaments  on  the  stretch. 

Pus  may  find  its  way  backvvard  and  appear  at  or  near  the  joint  line.      It  more 

oiten  passes  fonvard  on  account  of  the  greater  thinness  of  the  anterior  ligament. 

1 1  may  then  enter  the  sheath  of  the  ilio-psoas  and  be  conducted  to  the  anterior  surface 

of  the  thigh  ;  it  may  follovv  the  obturator  vessels  through  the  obturator  canal  and 

j^oint  on  the  inner  aspect  of  the  thigh  ;  it  may  be  guided  by  the  sciatic  nerve  and 

r/ae  lumbo-sacral  cord  to  the  region  behind  the  greater  trochanter  ;  it  may  descend 

i>^twreen  the  obturator  fascia  and  the  anal  fascia  into  the  ischio-rectal  fossa  and  appear 

stC    the  side  of  the  anus  ;   or,   finally,   it  may  ulcerate  into  the  rectum  and  be  dis- 

o-faairged  per  anum. 

The  symphysis pubis^  as  the  centre  of  the  counterarch  of  the  pelvis  (page  346), 

is    ^uibject  to  manifold  strains  and  injuries  ;  but,  as  the  union  between  the  two  innomi- 

i^t^  bones  at  that  point  is  really  by  a  strong,  solid,  fibro-cartilaginous  band,  and  is 

«r£^Ll-iLOut  a  synovial  cavity,  and  as  it  is  greatly  strengthened  by  the  decussation  of 

t^ii^     iibres  of  the  anterior  and  inferior  ligaments,  its  separation  by  traumatism  is  very 

r^«"^,  and  is  in  effect  a  fracture. 

The  anterior  ligament  is  much  stronger  than  the  posterior  to  resist  the  down- 
^^^x"^  and  fonvard  puli  of  the  adductors  and  the  weight  of  the  abdominal  walls  and 
:«ra,      Its  strength  accounts  for  the  fact  that  fracture  of  the  horizontal  rami  is 
'«  common  than  disjunction  of  the  symphysis  in  cases  in  which  compressing  force 
been  applied  to  the  pelvis  laterally. 
In  cases  of  disease  when  the  bond  of  union  is  vveakened,  the  function  of  the 
^^^^^uterarch  readily  explains  the  weakness  and  po\verlessness  in  standing  or  sitting. 
The  symphysis  is  of  great  importance  in  its  relation  to  obstetric  mechanics  and 
**^^^isurements.     The  plane  of  greatest  pelvic  expansion  extends  from  the  junction  of 
^"^    second  and  third  sacral  vertebrae  posteriorly  to  the  middle  of  the  symphysis  ; 
^J^^    plane  of  least  pelvic  diameter  from  the  sacro-coccygeal  articulation  to  the  lower 
^•^ii*^  of  the  symphysis. 

There  is  thought  to  be  a  trifling  separation  of  the  symphysis  during  pregnancy 
^jj^^   labor,  but  this  is  counteracted  by  the  decussation  of  the  aponeurotic  fibres  of 
^*^^  oblique  muscles  at  the  linea  alba.     On  account  of  this  decussation  these  muscles 
^^*^'^,  when  in  vigorous  action,  as  in  parturition,  to  draw  the  pubic  bones  together. 
The  symphysis,  however,  although  comparatively  unyielding,  is  in  almost  the 
-^  horizontal  plane  with  the  coccyx,  the  most  movable  bone  that  enters  into  the 
io*-»^-iation  of  the  pelvis,  and  with  the  obturator  foramina  and  the  lo\ver  part  of  the 
X  sacro-sciatic  foramina.     This  is  in  accord  \vith  the  fact  that  in  no  horizontal 
does  the  pelvis  form  a  complete  bony  and  unvielding  ring,  but  everywhere  the 
►ting  bony  portion  has  opposite  to  it  one  or  more  soft  and  yielding  segments, 
^or  example,  the  hypogastric  region  of  the  abdomen  is  opposite  the  fixed  and 
^'^^  *"»^ ovable  sacrum  (  Morris ) . 

•  In  obstructed  labor  in  which  the  delivery  of  a  living  child  may  be  made  possible 

^    ^  moderate  increase  in  the  pelvic  outlet,  the  opcration  of  symphysiotomy  is  often 

'ormed.     The  aponeurosis  of  the  recti  is  incised,  the  retro-pubic  structures  sepa- 

by  a  finger,  and  a  probe-pointed  bistourv  passed  do\vn  and  made  to  cut  for- 

"ci  and  upward.     The  incision  may  with  advantage  be  made  in  tlie  reverse  direc- 

^  »  as  the  symphysis  is  wider  at  its  upper  than  at  its  lovver  margin,  and  is  wider 

'  5^^^^riorly  than  posteriorlv.     The  subpubic  ligament  and  the  deep  perineal  fascia 

.■^Ovald  then  be  detached  from  the  pubic  arch  close  to  the  bone,  so  as  to  avoid  tear- 

^^S   the  structures  that  penetrate  the  fascia — the  vagina,  the  urethra,  the  dorsal  vein 

the  clitoris,  and  other  venous  channels — when  the  pubes  are  separated. 
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The  motlon  which  permits  of  separation  takes  plače  in  the  sacro-iliac  joints,  and 
the  pubic  lK)nes  move  downward  as  well  as  outvvard,  adding  materially  to  the 
amount  of  pelvic  space  gained.  With  a  separation  of  seven  centimetres  (two  and 
three-fourths  inches),  which  is  possible  under  gentle  pressure  without  laceration  of 
the  sacro-iliac  ligaments,  the  gain  in  the  conjugate  diameter  is  1.5  centimetres 
( three-fifths  of  an  inch).  The  projection  of  the  anterior  parietal  boss  into  the  pubic 
interspace  as  the  bones  recede  from  each  other  adds  to  the  space  gained,  so  that  by 
opening  the  pubic  joint  to  the  extent  of  6.5  centimetres  (two  and  three-fifths  inches) 
the  increase  in  the  conjugate  diameter  amounts  in  efiect  to  about  two  centimetres 
(three-fourths  of  an  inch)  (Cameron). 

THE   FEMUR. 

The  fcmur,  a  typical  long  bone,  has  a  shaft  and  two  extremiHes,  The  lower 
end  rests  on  the  tibia,  pretty  nearly  in  a  horizontal  plane  ;  from  this  the  shaft  slants 
outward,  forming  an  angle  of  about  10**  with  a  vertical  line. 

The  upper  extreTnity  consists  of  a  head^  a  neck,  and  two  trochaniers.  Thesc 
last  are  on  the  shaft  at  the  junction  with  the  neck,  which  runs  upward  and  inward, 
forming  with  it  an  angle  of  about  125**  on  the  average. 

The  head  is  a  rounded  swelling,  rcpresenting  rather  more  than  half  a  sphere, 
capping  the  end  of  the  ncck.  It  is  not  put  on  symmetrically,  but  covers  more  of 
the  upper  side  of  the  ncck  than  of  the  Ionvct,  and  pr()bably,  as  a  rule,  more  of  the 
front  than  of  the  back.  Occasionally  it  is  prolonged  onto  the  upper  anterior  aspect 
of  the  neck.  It  is  smooth  and  covered  with  articular  cartilage  except  at  a  depression 
for  the  ligamentum  teres,  below  and  posterior  to  the  axis  of  the  head.  Brockway,* 
having  examined  300  femurs,  found  this  depression  oval  in  43  per  cent. ,  with  the 
long  axis  running  downward  and  somewhat  backward,  triangular  in  35  per  cent., 
and  circular  in  22  per  cent.  In  84  per  cent.  he  found  vascular  foramina,  which  are 
larger  in  the  young  and  not  necessarilv  per\'ious  in  the  old.  In  a  few  cases  he  found 
a  persistence  of  the  ftetal  condition, — namely,  a  groove  descending  nearly  to  the 
border  of  the  articular  surface. 

The  neck*  extends  upward  and  inward,  and  usually  fonvard.  Being  compressed 
from  before  backward,  it  has  a  front  and  a  back  surface  with  thick  upper  and  lower 
borders.  The  lower  rises  more  steeply  from  the  shaft  than  the  upper,  so  that  the 
neck  is  much  broader  at  the  biise  than  where  it  joins  the  head.  The  lower  border  is 
the  longer,  and  the  posterior  surface  is  longer  than  the  anterior.  The  neck  is  smooth 
below  and  lK*hind,  rather  rough  in  front  and  above.  The  upf)er  border  has  numer- 
ous  nutrient  foramina.  The  lo\ver  border,  springing  from  the  inner  aspect  of  the 
shaft,  often  presents  a  rounded  ridge  running  to  the  lesser  trochanter.  The  neck  is 
bounded  behind  by  an  elevation  connecting  the  trochanters,  the  posterior  intertrO" 
chanleric  ridfrc}  The  spiral  iine,*  also  callcd  the  anterior  intertrochanteric  ridgš^ 
bounds  the  greater  part  of  the  front.  It  starts  at  the  little  superior  eervieal  tubercU^ 
at  the  junction  of  the  top  of  the  neck  with  the  greater  trochanter,  runs  downward  and 
inward  to  the  level  of  the  lesser  trochanter,  where  it  sometimes  presents  a  smaller 
inferior  cen^ical  tubercle,  and  thcn,  descending  more  rapidly,  twists  round  the  shaft 
to  join  the  inner  lip  c»f  the  linea  aspera.  Thus  a  small  part  of  the  neck  between  this 
line  and  the  lesser  trochanter  has  no  b<)undary.  We  ha  ve  found  the  average  length 
of  the  neck  on  thirtv-eight  male  lx3nes  and  t\venty-six  female  ones  resf)ectively  4.3 
centimetrt*s  and  4  centimetres.  Bertaux  gives  46.6  millimetres  and  43.  i  millimetres 
respectively. 

The  greater  trochanter^  is  a  large  process  projecting  upward  and  outvard  from 
the  top  of  the  shaft  and  turning  inuard  to  overhang  the  back  of  the  neck. 
from  the  outsi<le  its  outline  is  roughlv  square,  but  the  upper  border  generany 
towards  the  hick  s<>  as  to  form  a  point.  The  anterior  surface  presents  a  depressei 
area  for  the  inseriion  (»f  the  gluteus  minimus.  The  outer  side  is  crossed  by  a  ridge 
running  downward  and  for\var(i,  to  and  in  front  of  uhich  is  attached  the  gluteus 
mcdius.  The  upper  border  rrceives  at  the  front  end  the  tcndons  of  the  obturator 
internus  and  gemelli,  and  a  littlr  farthtT  back  that  of  the  pvriformis.     The  hollow 

^  Procccdin^s  of  the  Ass<)nati<in  of  American  Anatomists,  1S96. 

*Ca9«t  feMorU.     'Potm  capitli  UmmtSm.     ^Collaoi  femort*.    ^CrliU  latcrtrockaatcrlca.    *Llata  lattrtrachaatarica. 
'  TraciMaKcr  Bi«)ar. 
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between  the  neclc  and  the  overhanging  troclianter  is  the  (rochanteric or  digital fossa.^ 
There  is  usually  a  round  recess  at  its  anterior  end  ior  the  tendon  oi  the  obturator 
extemus. 

The  lesser  trochanter'  is  a  rounded  knob  at  the  Inner  side  of  the  posterior 
aspect  of  the  sh^Jt  at  Its  junctton  vvith  the  neck.  The  posterior  side  is  triangular. 
It  is  at  the  junction  of  three  lines  i  ihe  posterior  intertrochanteric  ridge.  a  tine  run- 
ning  down  to  the  linea  aspera,  and  an  inconstant  ridge  on  the  neck.  It  receives  on 
its  end  the  tendon  of  the  ilio-psoas,  and  below  some  of  the  iliac  tibres  of  that  inuscle 
Fig.  369. 


Upp.1 


That  part  of  the  spiral  line  above  the  level  of  the  lesser  irochanter  fthe  so- 
^*^led  anterior  intertrochanteric  ridge)  is  generally  a  ver\'  distinct  rnugh  tine.  It 
™^y  be  so  faint  as  to  be  liardly  distinguishablc.  and  e.vtrenieh'  r;irety  a  hollow  niay 
r^  lound  in  its  piace.  The  posterior  intertrochanteric  ridge  is  n  thick  swell- 
"*^5,  broader  above  than  below.  Near  its  junction  with  the  greater  trochantcr  it  has 
^lightly  rounded  prominence,  or  occasionany  a  vertical  line,  linea  quadrati,  for  the 
"^-■adratus  femoris. 

The  shaft'  is  very  strong,  and  convex  in  front,  excepl  bcluiv  the  neck,  where  it 
**    slighlly  concave.      In  tlic  niiddle  it  would  be  nearly  cvlindrical  »ere  it  not  for  the 

' fHH  mchaBUrka.    'Trocbuttr  BilBtr.    *C*rT»  ftnarii. 
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prominence  of  the  linea  aspera  at  the  back.  The  surface  on  either  side  of  this  line 
may  be  plane,  concave,  9r  convex,  perhaps  more  often  concave.  The  shaft  expands 
slightly  above,  where  it  is  roughly  four-sided  with  rounded  borders.  A  ridge,  which 
is  very  variously  developed,  often  runs  from  the  lower  side  of  the  neck,  separating 
the  anterior  and  internal  surfaces.  When  strong,  it  emphasizes  the  concavity  of  the 
former.     The  lower  third  of  the  shaft  broadens. 

The  linea  aspera'  is  a  prominent  longitudinal  ridge  along  the  back  of  the 
middle  third  of  the  bone,  strengthening  the  concavity  and  giving  attachment  to 
many  muscles.  It  has  two  more  or  less  \vell-defined  borders  or  lips.  It  is  formed 
from  above  by  the  union  of  three  lines  :  the  spiral,  a  faint  intermediate  line  coming 
dovvn  from  the  lesser  trochanter,  and  a  third  external  one  coming  from  the  back  of 
the  greater  trochanter.  The  upper  part  of  the  last  is  called  the  gltUeal  ridge,  as  it 
receives  fibres  of  the  gluteus  maximus.  This  part  may  be  considerably  elevated, 
especially  in  muscular  subjects,  into  a  rough  knob,  the  spurious  third  trochanter. 
The  true  third  trochanter,  which  is  sometimes  scen  at  this  point,  is  a  smooth  rounded 
eminence,  the  analogue  of  the  third  trochanter  extensively  found  among  mammals 
and  particularly  develoj^ed  in  the  odd-toed  ungulata.  This  is  sometimes  best 
developed  on  delicate  female  femurs  with  no  rough  muscular  ridges.  Of  course  the 
two  forms  may  coexist.  A  rough  elongated  depression,  th^/ossa  hypotrochanterica^ 
also  receiving  fibres  of  the  gluteus,  is  sometimes  found  outside  the  gluteal  ridge. 
The  linea  aspera  divides  somewhat  below  the  middle  of  the  bone  into  two  supra- 
condylar  ridges,  which  bound  a  triangular  space*  as  ihey  pass  down  to  the  tops 
of  the  condyles.  The  outer  ridge  is  at  first  much  the  sharper,  but  it  becomes  indis- 
tinct  an  inch  or  more  above  the  condvle.  The  inner  is  but  slightly  raised  ;  it  is 
interrupted  above  its  middle  for  the  passage  of  the  femoral  vessels  into  the  popliteal 
space.  It  ends  in  the  sharp  adductor  tubercle  above  the  inner  lx)rder  of  the  condyle. 
At  its  termination  the  shaft  has  four  surfaces :  a  posterior  one  nearly  plane,  a  front 
one  slightly  convex,  a  distinct  outer  one,  and  an  oblique  inner  one,  passing  insensibly 
backward  and  inward  from  the  anterior  surface.  There  are  usuallv  two  nutrient 
foramina,  lx)th  directed  upward,  the  larger  betvveen  the  lines  converging  to  the 
linea  aspera,  the  other  near  the  middle  of  the  bone,  a  little  to  the  inside  of  that  line. 

The  lower  extremity,  articulating  with  the  tibia  belovv  and  the  patella  in 
front,  presents  two  backward  prolongations,  the  condyles,  along  which  the  tibia 
travels  in  flexion.  These  are  compressed  from  side  to  side,  and  separated  by  the 
iniercondylar  fossa ,^  which  is  beneath  the  back  part  of  the  shaft.  The  inner  cotidjle^ 
is  the  lower  when  the  shaft  is  vertical,  but  in  life  bolh  are  in  the  same  plane.  The 
oiiter^  is  longer  from  before  backuard  ;  it  lies  in  an  antero-posterior  piane,  while  the 
inner  extends  back\vard  and  inward.  The  lateral  outline  of  each  has  been  well  com- 
pared  to  a  watch-spring  partly  uncoiled.  Each  bears  a  tubero5ity  near  the  posterior 
end  of  the  lateral  side,  very  nearly  in  coiitinuation  with  the  supracondylar  ridges 
for  the  so-called  lateral  ligaments  of  the  knee.  A  depression  on  each  side  for  the 
head  of  the  gastrocnemius  is  found  above  and  behind  the  tuberosities.  The  ex- 
ternal  condyle  bears  a  deep  oblique  groove  for  the  tendon  of  the  popliteus  at  the 
back  of  the  outer  surface. 

The  articular  surface  for  the  knee  not  only  covers  the  lower  and  posterior 
aspects  of  the  condvles,  but  is  prolonged  u{)\vard  on  the  front  for  the  support  of  the 
patella,  as  a  groove  which  is  shown  by  horizontal  sections  to  l>e  concave  in  the 
middle  and  convex  at  either  side.  The  upper  boundary  slants  upward  and  outward, 
the  shaft  just  alKn'e  it  presenting  a  slight  depression.  Its  outer  lx)rder  is  a  promi- 
nent ridge  resisting  outward  dislocation  of  the  knee-pan.  The  patellar  surface  is 
continuous  uith  the  articular  facets  of  the  condvK^s,  being  marked  of!  only  by  certain 
lines,  vvhich,  though  distinct  on  the  fresh  cartilage,  are  often  obscure  on  the  dried 
lx)ne.  represrnting  the  sei)aration  of  these  joints.  In  some  animals  the  separation  b 
comj)lete.  The  outer  Hrte,  usuallv  concave  posteri(.>rly,  runs  obliquely  inward  to 
just  in  front  of  the  intercondylar  notch.  The  inner,  less  clear  and  generallv  straight. 
h>ei;ins  much  farther  forward  and  runs  obliquely  backu-ard  to  the  inner  side  of  the 
front  of  the  notch.  The  outer  in  particular  marks  a  distinct  change  of  Icvel.  Be- 
hind these  lines  the  articular  surfaces  extend  along  the  lovver  and  posterior  sides  of 
the  con<iyles  even  onto  the  upper  a.spect,  so  as  to  allow  extreme  flexion  of  the  knee. 

'  LIaea  a^cra.     -  Plaaam  »opIlIcaM.     '  Fmh  laCercundjteidca.     *CM<lylus  aiedlalU.     ^Coa<lylai  latcralia. 
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Frontal  sections  through  the  back  part  of  the  condvles  show  that  the  inner  is  nearly 
sjrmmetrical  in  its  convexity  froiti  side  to  side,  while  the  inferior  surface  of  the  outer 


Paitllar  foccl 


3  upward  and  inward.  The  length  of  the  articular  surface  of  the  inner  condyle 
f'^>x*»  the  back  to  the  hne  niarking  of!  the  palellar  facet  is  considerably  greater 
(p^rliaps  two  cen  t  ime  t  res )  thaii  that  of  the  outer. 


Eilcmal  lubtrosil; 


end  of  TiKhl 


,  Structure. — Transvcrse  sections  in  scrics  through   the  whole  length  of  the 

***ur  are  verv  instructivc.      Thev  show  the  grcat  strength  of  the  shafl,  ihc  thick- 

J**s  of  its  wails,  the  smallncss  of  the  central  canal,  and  the  addition  madc  by  ihc 
'^Oa  aspera  ;  likeulse  that  the  shaft  bccomes  foursideii  both  at)ovc  and  below, 
*J*"3  that  in  the  latlcr  rcj-ion  ihc  grcatcr  diamelcr  is  transvcrse.  Coincident  witli 
JJ*^^  changcs  are  a  great  diminutlon  of  the  thirkncas  i^i  the  walls  and  agrcat  increase 
^  *t>e spongy  tissue.  The  weakness  of  the  walls  jiisl  alKive  the  knee  is  vcrv  striking, 
"«  architecture  of  the  condylcs  is  wcl1  cxhibited.  consisting  of  vertical  plates  run- 
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ning  in  the  main  fonvard  and  backward.  crosaed  by  transverse  ones,  in  part  diver^ng 
from  the  solid  bone  at  the  bottom  of  the  intercondvlar  notch.  Such  sections  show 
aiso  the  prominence  of  the  outer  border  of  the  patetlar  suriace  and  the  curve  at  that 
articulation.  At  the  upper  end  lhey  display  the  prominence  of  the  lesser  trochanter, 
the  scries  of  strong  plates  crossing  it,  which  at  a  higher  level  are  seen  diverging  from 
a  single  plate,  Bigelow's  inu  tuck*  {MerlteV s  ca/car /emoraU'),  to  which  we  shall 
return.  The  greater  trochanter,  quite  free  from  aH  pressure,  is  very  light  and  ihe 
head  verydense.  Frontal  sections  of  the  head  and  neck  (Fig.  374)  show  the  seriea 
of  plates  given  ofi  successivcly  from  both  the  inner  and  outer  walls  fortning  Gotbic 

Fig.  374. 


an.'hes  iit  the  tO[)  of  the  fjone.  The  under  sidc  of  the  neck  is  thick  and  gives  ofl  s 
series  of  plates,  nenr  togcthcr,  running  nl>lique)y  up  inio  the  head  in  the  Une  of  the 
greatcst  pressure,  especially  nhen  the  shaft  is  ohliciue.  a:;  in  lifc.  A  less  distincC 
series  of  loiig  archis  springs  from  the  outer  side.  inirving  across,  and  actin]2r  a» 
"  ties. "  The  head  is  of  the  round-meshed  patteni.  fitted  to  resist  pressure  in  anjr 
direction.  often  presenting  an  almost  solid  core  at  the  iniddic,  and  generallyshowin^ 
the  curved  line  of  union  ii(  ihc  epiphysis  of  the  head.  The  /r«.-  neck  of  the  femur  'i9 
a  plate,  i>r  a  series  nf  phitcs.  springing  from  a  thkk  spur  of  bone,  which  leaves  the 
hind  watl  ol  the  neck  to  run  otitward  tonanis  the  greater  trochanter.     This  is  besc 
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seen  in  sections  parallel  with  the  lower  wall  of  the  neck  (Fig.  375)  ;  it  appears  also 
in  transverse  ones.  When  strongly  developed  it  can  be  shown  as  a  real  septum  by 
gouging  away  the  spongy  tissue  of  the  posterior  intertrochanteric  ridge  beneath 
which  it  passes. 

Sexual  and  Individual  Variations. — Apart  from  general  lightness  of  struc- 

ture,  the  female  femur  presents  distinctly  smaller  articulations  than  the  male.    The 

average  diameter  of  the  head  of  thirty-eight  male  bones  is  4.8  centimetres,  and  of 

twenty-six  female  ones  4.15  centimetres.     In  only  two  of  the  male  bones  is  the 

diameter  less  than  4. 5  centimetres,  and  in  only  two  of  the  female  is  it  greater.     Both 

of  the  latter  are  long  ones.     In  women  the  size  of  the  head  increases  with  the  length, 

but  in  men  a  short  femur  is  about  as  likely  to  have  a  large  head  as  a  long  one.    The 

breadth  of  the  articular  surface  of  the  knee  is  less  conclusive  ;  the  averages  are  8.3 

centimetres  and  7.4  centimetres,  but  there  is  much  overlapping.     The  peculiarity 

of  outline  in  the  typical  female  femur  is  very  characteristic  when  well  marked  :  the 

shaft  narrows  gradually  from  the  condyles  till  at  or  above  the  middle  the  nar- 

TOwest  part  is  reached,  above  which  there  is  a  much  less  evident  expansion.     The 

typical  male  bone  narrows  much  more  suddenly  above  the  condyles,  so  that  the 

stouter  shaft  soon  reaches  a  tolerably  uniform  thickness.     The  hiclinatian  of  the 

^haft  is  somewhat  greater  in  woman.     The  angle  with  a  vertical  line  in  the  above 

series  is  9.3°  in  man  and  10.6**  in  woman.     (According  to  Bertaux,  it  is  8.75° 

^amd  II®.)     It  is  naturally  greater  in  shorter  femurs,  and  consequently  is  of  very 

<loubtful  value  as  a  sexual  characteristic,  especially  in  view  of  the  great  individual 

^variation.     The  angle  of  the  neck  with  the  shaft  is  of  minor  signincance.     In  the 

"^vriter* s  series  it  ranges  from  110°  to  144°,  the  average  for  men  being  125.1°  and 

^hat  for  women  125.6°.     In  the  male  bones  there  is  little  connection  between  the 

length  of  the  femur  and  the  size  of  the  angle  ;  in  women  long  bones  have  a  large 

^suig^le  and  short  bones  a  small  one.     The  average  angle  of  the  longer  half  of  the 

snale  bones  is  126.5°  and  that  of  the  shorter  123.6°,  while  the  longer  and  shorter 

Jhalves  of  the  female  series  give  129.2°  and  121.9°  respectively.     A  long  neck  gen- 

-^erally  has  a  high  angle  and  a  short  neck  a  low  one.*     Thus  it  appears  that  there  are 

t  variations  in  the  angle  of  the  shaft  and  that  of  the  neck.     The  same  is  true  of 

every  detail.     Th^foru^ard  inclination  of  the  neck  is  in  tvvo-thirds  of  the  cases 

om  5®  to  20°,  and  usually  from  12°  to  14°.     Its  extreme  is  37°.     Very  rarely  this 

ing^le  is  negative, — that  is,  the  neck  slants  backward.     An  extreme  negative  angle 

A  25**  has  been  observed,  but  this  is  extraordinary.'     The  curve  and  outline  of  the 

haft  vary  much.      An  extreme  form  is  ihe  pilastered  femur,  very  convex,  with  a 

rominent  linea  aspera,  generally  stout,  implving  strength.     An  opposite  form  is 

early  straight,  has  a  low  linea   aspera,  and  is  flattened  before  and  behind  in  the 

pper  part  of  the  shaft.      In  extreme  forms  the  depression  in  the  front  of  the  top  of 

he  shaft  is  increased  and  bounded  internally  by  a  sharp  ridge  running  up  to  the 

nder  side  of  the  neck,  which  usually  has  a  low  angle.     Though  apparently  weaker, 

his  form  is  sometimes  found  in  very  powerful  men. 

The  index  of  the  shaft  is  the  proportion  of  the  thickness  to  the  breadth,  the 

atter  being  100.     Thus  (-''b"^'dth -)•     This  is  taken  at  about  the  middle  of  the 

haft  where  the  linea  aspera  is  most  prominent.  It  is  said  to  be  greater  on  the  right 
Tian  on  the  left  and  in  men  than  in  women.  Bertaux  found  the  average  in  adults 
:o4.4,  and  in  a  series  of  young  femurs  112.  i. 

The  index  of  the  neck  is  the  proportion  of  the  thickness  to  the  height.    Thus 

^'^^^bdriit^  '*")•     '^^^  average  is   133.05.      It  is  a  trifle  higher  in  vvomen,   but  the 
erence  in  unimportant. 
A  strong  convexity  of  the  shaft  outward  as  well  as  forward  suggests  a  patho- 

condition. 

Development  and  Changes. — The  shaft  begins  to  ossify  not  later  than  the 

enth  week  of  fcetal  life.     A  centre  appears  in  the  lower  end  during  the  last  month 

I  pregnancy.      It  is  rarely  wanting  at  birth,  but  the  precise  tirne  of  its  appearance 

well  as  its  size  are  too  variable  to  make  it  a  very  valuable  guide  to  the  age  of  the 

*  H.  H.  Hirsch  :  Anatomische  Hefte,  Bd.  xxxvii.,  1899. 

*  Mikulicz  :  Arch.  fiir  Anat.  und  Phys.,  1878. 
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fcEtus  or  infant.  Its  growth  secms  to  be  slight  during  the  first  three  week3  after 
birth.  The  neck  grows  as  a  part  of  thc  shait  and  recdvea  three  epiphyse9, — one  for 
each  trochanter  and  one  for  thc  head,  which  fits  oier  it  like  a  cap.  The  latter 
appcars  in  the  second  half  of  the  first  year,'  and  is  pretty  conclusive  evidence  that 
the  agc  of  si.\  months  at  least  has  been  reached.  The  epiphysis  for  the  ^eater 
trochanter  comes  in  the  third  year  (somelimes  some  years  laier),  and  that  for  the 
lesser  at  a  tirne  varioiisly  stated  as  from  eight  to  fourteen  years.     It  is  probable  that 

Fig.  376. 


the  former  is  much  nearer  the  mark.  The  head  unites  with  the  shait  at  about 
eighteen,  the  trochanters  soniewhat  later  ;  probably  there  are  great  variations  ;  but 
ali  these  superior  cpiphyses  should  be  joincd  by  nineteen,  and  at  twenty  the  line  of 
union  is  indistinct  or  lost.  An  epiphysi3  for  the  third  trochanter  has  been  seen. 
The  lower  epiphysis  is  joined  by  twenty,  and  often  sooner,  At  birth  the  angle  of 
the  neck  may  be  i6o°,  but  is  often  less  ;  it  diminishes  under  the  pressure  o(  the 
weight  as  the  child  walks,  and  by  the  tirne  of  puberty  has  probably  assumed  about 
its  permanent  angle.  There  is  no  reason  to  belie^'e  that  the  angle  diminishes  in 
old  age. 

Surface  Anatom/. — The  greater  trochanter  canbeexploredwhen  the  muscles 
about  it  are  relaxed.  The  lesser  trochanter,  though  deep,  can  be  fclt  from  behind. 
A  large  third  trochanter  can  bc  recognizcd,  and  must  not  be  mistaken  for  a  tumor 
Ouing  to  the  individual  variations  of  the  neck  and  the  pelvis,  thc  relations  of  the 
trochanter  must  vary.  According  to  Langcr.  a  horizontal  line  at  the  top  of  the  ' 
greater  trochanter  divides  the  head,  touches  the  top  of  the  symphysis,  and  about 
divides  the  nates.  This  is  particnlarlv  tnie  of  hroad  pclves,  and  therefore  of  woinen. 
We  have  found  from  mcasurements  of  1 18  males  and  37  fomalcs  that  the  trochanter 
is  1. 1  centimi'tres.  on  the  averagc,  higher  than  the  svmphvsis  in  thc  male  and  three 
millimetres  in  the  female,  Topinard  gives  as  provisional  distances  in  the  male  ihe 
following  :  the  antcrior  superior  spine  of  the  ilium  is  six  centimetres  alxn-e  the  head 
of  the  femur,  the  tatter  tno  cen  t  imet  res  abovc  the  greater  trochanter  (practicall/ 
agreeing  with  l.^nger ) ,  and  thc  greater  trochanter  two  centimctres  alx)\'e  the  pubes. 
The  hfad  of  the  f(.-mur  lies  under  a  crcase  beneath  the  proper  fold  of  thc  groin,  and 
can  somelimes  l>e  distinguished  at  the  inner  side  of  the  sartorius.  N£laton'9  line  ts 
drawn  friim  the  antirior  superior  spine  of  the  ilinm  to  the  most  prominent  potnt  of 
the  tul>ernsityof  the  ischium.  It  should  jusi  toiich  the  top  of  ilie  greater  trochanter. 
Thi-  shaft  is  too  thickly  covered  to  t>e  examincd  in  detail.  except  ncar  the  knee.  The 
sides  i)f  lx>th  condylcs  are  ea.'iily  examined  ;  the  laieral  lulxTcles  and  the  adductor 
'  FaBcrlund  :  A\wncr  Med.  I'resse,  1890. 
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tubercle  can  be  felt.  The  latter  marks  the  line  of  union  of  the  lower  epiphysis 
vith  the  shaft.  ^Vhen  the  knee  is  flexed,  the  pateUar  surface,  its  borders,  and  part 
of  the  articular  surface  of  the  cond)'les  can  be  felt. 

PRACTICAL   CONSIDERATIONS. 

Before  the  age  of  four  the  upper  epiphysis  is  not  distinct,  and  traumatism  is  apt 
to  result  in  separation  of  the  upper  cartilaginous  end  ol  the  bone, — i.e.,  a  fracture 
through  some  part  of  the  cartilaginous  neck.  Later  three  epiphyses  may  be  afiected 
l>y  in}ury, — viz.,  those  for  the  head  and  the  two  trochanlers. 


Sedion  Ihrough  hip-joinl.  showing  efiphjs«  of  hiad  «i 


^^  The  epiphysis  /or  Ihe  head  is  shaped  like  a  hollow  hemisphere  set  upon  the 

^^*\'^'"ex  upper  end  of  the  neck.      The  epiphyseal  line  slopes  downward  and  inward, 

'^      is  entirely  within  the  svnovial  membrane. 

A  .  Separation  by  indirect  violencc  occiirs  as  a  rosiilt  of  estreme  e.\tension  ol  the 

*fe"li,  as  in  falls  backward  with  the  limb  fixed.  or  as  when  a  child  carried  in  the 

***S  of  a  nurse  throws  itself  violently  backuard.      The  force  is  thus  In  efiect 

.  **F*lied  at  the  Iower  end  o(  the  femur,  which  acts  as  the  long  arm  of  a  tever.     Wher. 

^^,^  carried  far  backwartl  the  ilio-femoral  ligament  is  pul  upon  the  stretch,  and  its 

'^J^nt  of  insertion  becomes  the  fulcrum.      The  resistance  for  weight>  is  at  the  point 

*«^re  the  fonvard  movcment  of  the  short  arm  of  the  lever — the  neck  and  head — 
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is  resisted,  perhaps  slightly,  by  the  ligamentum  teres,  but  chiefly  by  the  anterior 
tnargin  of  the  acetabulum. 

Separation  is  followed  by  shortenin^.  This  majj  be  recognized  by  Nelaton*s  line 
tF"K-  37**).  by  the  base  hne  of  the  "ilio-femoral  triangle"  {_Bryant  s)  (Fig.  379), 
or  by  Rol»on's  line,  which  is  a  line  dropped  vertically  from  the  anterior  spine  to 
mcet  a  transverse  line  drawn  forward  and  inward  from  the  tip  of  the  greater  tro- 
chanter  across  the  front  of  the  thigh,  the  patieni  being  in  dorsal  decubitus. 

Eversion,  from  the  wcight  of  the  limb,  is  usualty  prcsent. 

The  toughncss  of  the  periosteum  and  the  strcngth  of  the  cartilaginous  bond 
between  the  ncck  and  hcad  in  childhood  may  malce  the  epiphyseal  line  stronger 
than  the  thin  neck  beneath  it,  and  fracture  of  the  neck  may  therefore  occur  even  in 
young  childrcn  or  adolescents.  The  3ymptoms  are  very  similar  to  those  of  epi- 
physeal  separation.  The  crepitus  may  be  rough  instead  of  "  muffled."  The  X-raya 
will  somctimes  differentiate  the  tw(>  conditions.  In  a  čase  of  in3ury  to  the  hip  in  a 
young  pcrson,  it  is,  however,  probabte  that  epiphyseal  disjunctton  will  rcsult  rather 
than  fracture  of  the  neck ;  but  in  yoiith,  on  account  of  the  presence  of  the  epiphyseal 


Fig.  37». 
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joint  and  the  ueakness  of  the  neck,  fxith  of  thcse  lesions  are  more  frequent  than 
dislocation.  Eitlier  of  them  will  convcrt  the  normitl  obli<|uity  of  the  neck  to  a 
positiim  more  neariv  horizontal,  caiising  proniinence  anil  nscent  of  the  trochanter, 
and  bringing  al>out  at  once  the  condition  knciun  as  co\a  vara.  which  will  probaUy 
increase  hiter,  as  vhenevcr  the  angle  nf  the  ncck  with  the  shaft  is  diminishcd  the 
stnun  u|K)n  tlie  former  is  increased.  Thus,  eithcr  epi|)hyseal  separation,  fracture 
of  the  neck,  or  slight  rliachitis  in  earlv  childhood  may  result  in  cosa  vara  at  the 
|KTiiid  of  adolescence,  whcn  the  softening  incident  to  rapid  Rrowth  is  taking  plače, 
the  lM)dy  weight  is  increasing, — ofti-n  di3proportionately, — and  laborious  occupations 
are  fri.-quently  begim. 

The  fpipkvsis  for  fhe  ^rratcr  trochanter  iinites  at  ahnnt  ihc  nincteenth  year.  It 
is  casilv  disloc-ate«!,  almost  always  from  direct  violcnce,  and  nsiiaUy  between  the 
thiricenth  and  cighteenih  years,  because  that  is  the  perio<l  of  grcatcsl  e.tposure  to 
tranmatism,  and  because  at  the  lattcr  dale  the  cpiphj-sJs  is  joine<l  to  the  shaft.  The 
line  of  junction  u-ith  the  shaft  is  on  the  level  of  the  ttifx.-rcle  for  the  quadratus  on  the 
posterior  edgeof  the  greater  trochanter  (Fig.  ,18,1).  It  is  therefore  below  the  level  aH 
the  ca)tsule  of  the  hip-joint  and  oi  the  insertions  of  the  glutei,  obturators,  pyriforniis. 
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and  g«mei]i.  Diajunction  from  indirect  violence — through  the  action  of  these 
musdes — is  rare,  on  account  of  :  (i)  The  prolongation  downward  and  outward  of 
the  librea  of  the  capsular  ligament  which  extend  below  the  epiphyseal  line.  (2)  The 
attachment  above  that  line  oi  some  of  the  aponeurotic  fibres  of  origin  of  the  vastus 
extemu3.      (3}  The  toughness  of  the  periostcum. 

For  these  same  reasons,  when  disjunction  does  occur,  there  is  usually  but  liitle 
displacement.  If  it  exist3,  and  is  marked,  the  epiphysis  is  drann  into  approAi- 
inaiely  the  same  position  as  that  occupied  by  the  head  of  the  bone  in  a  dislocation 
onto  ihe  doraum  of  the  ilium.  The  age  of  the  patient  (epiphyseal  separation  being 
impossible  after  nineteen  and  dislocation  rare  before  that  age)  and  the  failure  of  the 
displaced  epiphysis  to  move  wilh  rotation  of  the  femur  are  aids  to 
diagnosis.     The  absence  of  rotation  and  of  shortening  of  the  limb  I^'^-  3^ 

disttnguishes   this  lesion  from   "  extracapsular"   fracture  of  the 
neck. 

About  fifty  per  cent,  of  the  recorded  cases  have  died  of  py- 
xmia.  This  is  probably  because  :  ( i )  The  greater  trochanter  is 
an  apophysis  rather  than  an  epiphysis,  and  is  in  contact  at  its 
base  with  cancellous  tissue  of  a  lighter  and  more  spongy  character 
than  that  adjoining  the  true  terminal  epiphyses  of  the  long  bones. 
(a)  The  violence  causing  the  injury  is  direct  and  thus  associated 
with  muchbruising  and  crush ing  of  that  tissue.  (3)  The  disjunction 
b  attended  by  extensive  detachment  of  the  periosteum  from  the 
vascular  upper  end  of  the  bone,  as  the  periosteum  over  the  tro- 
chanter is  very  tbin  and  the  dense  tendinous  tibres  are  almost  di- 
rectly  attached  to  the  osseous  tissue  itseU  (Poland). 

The  epiphyiis  for  Ihe  Usser  trockanUr  can  be  separated  usu- 

ally  only  between  ihe  thirteenth  year  and  the  nineteenth,  when  it 

joins  the  shaft.      But  one  čase  has  been  recorded.      It  was  then 

tom  ofi  in  a  boy  of  fourteen,  as  the  result  of  the  strain  on  the  ilio- 

_psoas  in  a  falt  baclcward  on  the  feet.    Dealh  from  p)-£emia  foltawed. 

Fracture  of  tke  neck  of  ihe  femur  is  common   (especialtv  in 

-H)ld  age),  in  spite  of  its  depth  and  its  thick  covering  of  soft  parts, 

because  :  ( i )  In  falis  upon  the  feet  or  hip  it  receives  and  transmits 

much  of  the  weight  of  the  body,   which,   in   the   fornier  čase  at 

least,  reaches  it  in  a  direction  which  causes  a  cross-strain  favorable 

to  fracture.      (2)   It  is  a  comparatively  (ixed    portion  of  a  very 

loi^  lever  into  the  upper  end  of  which  many  powerful  muscles  are 

inserted.     (3)  It  is  of  itself  lengthened  and  thus  made  more  vul- 

nerable, — as  compared,  for  e.xample,   with  the  neck  of  the  hu- 

merus, — so  as  to  increase  the  leverage  of  these  muscles,  the  degree 

of  mobilityo(  the  hip-joint,  and  the  basis  of  support  for  the  trunk. 

(4)  Its  mechanical  wcakness  increases  in  old  age  (a)  from  the 

-absorption  of    cancellous  tissue  which  occurs  everywhere  in  the 

Tskeleton,   but  begins  and  proceeds  most  quick!y   (according    to      ^'""  fcm""""  "* 

Humphrv)  in  the  femoral  neck  ;  {b)  from  a  corresponding  thin- 

'Tiing  of  the  compart  tissue,  incfuding  that  part  of  the  cortcx  which  unites  the  lesser 

~Xrochanter  and  the  under  and  anterior  part  of  the  head,  the  line  of  grcatest  press- 

Tire  in  the  erect  position.       (5)  The  angte  between  the   neck   and   the  shaft  is 

T)elieved  by  many  surgeons  gradually  to  decrease,  though  this  change  is  not  in- 

^ariable  and  is  denied  by  some  exccllenl  authorities.     It  is  true,  however,  that  the 

■^ngle  is  smaller  the  less  the  stature  ;  that   it  is  thus  smaller  in  Homen,  and  that 

an  them,  after  the  age  of  fifty,  these  fraclurcs  are  two  and  a  half  times  more  common 

^han  in  men. 

When  the  age  of  the  patient  is  advanced,  and  the  violence  is  slight  and  indirect. 
the  femoral  neck  breaks  more  frequently  near  its  junction  with  the  head,  because 
ihere  it  is  thinnest  and  weakest.      Such  fractures  are  enlirely  intracapsular. 

In  younger  persons,  and  especia!ly  if  the  violence  is  severe  and  is  received 
^irectly  upon  the  hip,  the  fracture  is  more  apt  to  involve  the  base  or  wider  portion 
-«1  the  neck,  and  is  likely  to  be  partty  intra-  and  partly  extracapsular.      If  it  is 
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entirely  below  the  line  of  capsular  altachment  both  in  front  and  behind,  it  cannot  be 

a  fracture  of  the  neck,  as  it  »oiild  then  be  below  the  anterior  intertrochanteric  line. 

and  uoutd  involve  the  extrenie  uppcr  end  of  the  shait.     Posteriorly.  it  is  possible 

for  a  partial  fractitre  of  the  neck  tO 

Fio.  381.  be  extracapsular,  as  the  insertion  of 

the  capsule  b  from  twelv«  to  seven- 

teen   millimetres   (onc-half    to   iwo- 

thirds  of  an  inchj   above  the   base 

of  the  neck.      Impaction  of  fractur«: 

at  the  narrow  part  of  the  neck  is  not 

ver>'    common.      When    it    occun, 

some  spicula  of  the  compact  coitex 

of  the  neck  are  driven  into  the  ex- 

panded  cancellated  structure  of  the 

Impaction  of  fracture  at  the  base 
is  common,  because  the  5pongy  tro- 
chanter  is  easily  thmst  upon  and 
tiometimes  split  by  the  small  and 
relalively  compact  cer\'ix. 

In  most  fractures  of  the  neck 
there  will  be  found  : 

(i  )  EvtTsion,  due  chiefly  to  (a) 
the  weight  of  the  limb,  which  tends  normal!y  to  roll  out»ard  ;  but  also  to  a  certain 
extent  to  (6)  the  actiun  of  the  iho-psoas  and  other  cxtcrnal  rotators  ;  (r)  the  greater 
comminution  or  crushing  of  the  posterior  wall  of  the  neck,  which  is  weaker  than  the 
anterior  wall. 

(2)  A  fulness  over  the  upper  portion  of  Scarpa's  triangle,  due  to  efiusion  into 
the  hip-joint  or  to  forward  projection  of  the  fragments  against  the  front  of  the 
capsule.  This  is  likely  to  occur  because  the  neck  is  normally  convex  forward,  the 
lesser  trochanter,  marking  the  inner  and  lower  boundary  of  the  neck,  being  on  a 
plane  posterior  to  the  head  ;  and  because 
of  the  greater  destruction  of  the  posterior 
portion  of  the  neck. 

(3)  Relaxation  of  the  ilio-tibial  band 
of  the  fascia  lata  (page  367). 

{4)  Approximation  of  the  trochanter 
to  (d)  the  anterior  superior  spine,  asshovn 
by  shortcning,  best  dctcrmined  by  the 
Icngth  of  the  horizontal  side  or  base  of  the 
ilio-femoral  triangle;  and  to  (6)  the  mid- 
line  of  the  body,  as  shown  by  .\Iorris's  line. 
Nčlaton's  line  shovvs  tlie  former,  but  in- 
volves  more  disturbance  of  the  palienl. 
Chiene  demonstrates  shortening  by  placing 
the  edgc  of  a  straight  t1exil)le  piece  of  metat 
on  the  two  anterior  spines  and  that  of  an- 
other  on  the  tips  ol  the  two  tri>chanters. 
Parallelism  negatives  the  idea  of  fracture. 
Morris  measuruH  from  the  symph)-sis  pubis 
to  the  cKternal  inichanteric  surfaces.  The 
distance  is  lessened  on  the  side  i>f  fracture. 

These  point.s  can  easilv  be  understood 
by  reference  to  Figs.  381  and  382. 

Rmphasis  is  jilacid  on  these  measurcmtnts  iKTause  it  is  perhaps  more  important 
in  this  dian  in  anv  other  fracture  to  aviml  vigorous  e(!orts  to  elicit  crepiius. 

The  blood-supplv  of  the  proximal  fragmuu — the  hend — \vill  reach  it  onIy 
throngh  the  retli-cted  portions  of  the  cn[»sule,  imiorii  strips  of  jioriostcum.  and  the 
ligami'ntiim  teres,  that  throiigh  the  cervix  being  cut  off.      It  is.  therefore,  scanty  and 
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niay  be  insuffictent  to  furnish  reparative  material.  Any  mo\ement  that  might  tear 
the  remaining  connections  between  ihe  fragments  is,  therefore,  most  undesirable. 
The  great  length  of  the  lower  fragment,  and  the  leverage  thus  exerted  as  a  result  of 
any  motion  of  tfie  inferior  extremity,  together  with  the  action  of  the  powerful  muscles 
running  from  the  pelvis  to  the  thigh,  make  it  cspecialty  difficuli  to  keep  the  frac- 
tured  surfaces  in  close  apposition,  particularly  if  the  small  part  of  the  neck  is  involved. 
Impaction,  even  if  very  slight.  may  thus  be  a  favorable  circumslance,  and  should  not 
be  broken  up  by  rough  handlirg. 

Intracapsular  fractures,  in   spite  of  the  scanty  blood-supply,  the  presence  of 
synovial  fluid,  which  is  perhaps  the  most  important  unfavorable  factor,  and  the  mo- 
bilitvof  the  lower  fragment,  do  imite,  but  rather  as  an  excep- 
tion.      As  a  rule,  fractures  at  the  base  of  the  neck  nnite.  Fig.  383. 

Fracture  of  the  shaft  is  most  common  at  the  middie,  at 
"the  point  of  greatest  convexity  of  the  fonvard  curve,  in  spite 
■<»f  the  fact  that  here  the  bone  is  denser  and  its  compact  outer 
-wall  thicker.  At  the  upper  third  fracture  is  usually  due  to 
-šndirect  violence,  at  the  lower  third  to  direct  violence.  In  the 
:^ormer  čase  it  is  apt  to  be  oblique,  in  the  latter  transverse. 
■"These  lesions,  as  well  as  those  of  the  !ower  end,  just  above  the 
■<ondyles,  wUl  be  considered  in  iheir  relation  to  the  muscles 
~that  influence  them  (page  644). 

The  loiver  epipkysis  of  the  femur,  the  only  one  whose  ossi- 
dication  begins  before  birth, — "  ivith  the  exception  of  theocca- 
^onal  early  appearance  of  the  osseous  nuclcus  in  the  upper 
■^piphysisof  the  tibia"  (Poland). — is  the  last  to  join  its  diaphy- 
-^Rs,  union  occurring  about  the  twentieth  year.  It  has  a  cup- 
^haped  upper  surface,  which  is  higher  externally.  Its  internal 
-3e\'el  is  just  beneath  the  adducior  tubercle.  The  epiphvsis 
šncludes   ali   the  articular  surfaces  of   the    touer   end  of    the 

In  the  majoritv  of  the  cases  of  disjunction  of  this  cpiphv-  U 

3^is  the  cause  has  been  hyperextension  of  the  tibia  on  the  femur, 
^Dften  combined  with  some  tivisting  and  traction  upon  tlie  leg, 
.^as  when  a  boy  hanging  behind  a  cab  has  his  foot  caught  be- 
"•ween  the  spokes  of  a  wheel.  In  twenty-sevcn  out  of  sixty- 
■^eight  cases  the  lesion  was  caused  in  this  way. 

The  ligaments  of  the  knee-joint  are  so  po»erlul  (as  they 
^^must  be  for  security,  on  account  of  the  shape  of  the  bones  that  /  /, ) 

center  into  it)  that  when  the  leg  is  brought  into  overextension  /.  -'  ' 

^Vremendous  leverage  is  exerted  on  this  epiphysis  through  the 
■^crucial  ligaments.  the  external  and  internal  latcral  ligaments, 
-^and  the  popliteus  muscle,  aided  by  the  gastrocnemius.  Al- 
'^hough  the  latter  is  attached  partly  above  the  epiphyseal  line. 
"^he  periosteiim  is  torn  ofi  ihe  lower  end  of  the  diaphysis  down 
Tfco  the  extreinely  dense  layer  at  the  cartilaglnoiis  junction.  showin  ruu.hjiesoi 
"  Ji  je  muscle  then  becomes  an  important  factor  in  carryingthe  femur. 

^^5piphysis  fonvard — the  usnal  displacement — and,  aided  by  the 

;^3opliteus.  in  rotating  its  posterior  upper  edge  downward.  The  mechanism  has  been 
^cixjnipared  to  that  of  fractures  of  the  radius  in  falls  upon  the  hand,  the  posterior 
^K  igament  of  the  knee-joint  bringing  a  cross-strain  upon  the  epiphvsis  simiiar  to  that 
■^Cronveyed  to  the  radius  by  the  anterior  ligament  of  the  wrist. 

The  diaphysis  projccis  into  the  poptiteal  space  or  through  the  skin.  and  has 
^C^aused  grave  injuries  lo  vessels  and  nerves.  Amputation  has  been  required  in  a 
^  arge  proportion  of  these  cases,  on  account  of  these  injuries  or  because  of  the  de- 
■^  achment  of  the  pcriosteum  and  the  suppuration  that  often  foliows  it.  The  joint 
"^s  rarely  involved,  becaiisc  the  ligaments  uniting  the  liones  of  the  leg  to  the 
■^?~piphysis  are  more  powerful  than  the  cartilaginous  connections  of  the  tatter  \vith  the 
^^iaphysis. 

As  might  be  expected,  the  chicf  grottth  of  the  femur  taking  plače  from  this 
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epiphysis,  a  number  of  cases  of  arrest  of  growth  have  been  reported.  The  disjunc^ 
tion  has  been  mistaken  for  a  dislocation  of  the  knee  or  a  supracondylar  fracture 
of  the  femur,  but  the  undisturbed  relations  of  the  condyles  and  the  head  of  the 
tibia  and  the  freedom  of  motion  in  the  knee-joint  serve  to  distinguish  it  from  the 
luxation,  while  the  fracture  is  rare  in  children,  and  presents  differential  signs  that 
will  be  mentioned  later  (page  644). 

Fractures  between  the  condyles  (intercondylar),  when  T-shaped,  as  they  often 
are,  are  thought  to  be  secondary  to  the  main  or  supracondylar  fracture, — f.^.,  the 
shaft  breaks  above  the  condyles  and  the  force  continuing  splits  them  apart  The 
line  of  the  latter  fracture  is  nearly  vertical  and  follows  the  intercondylar  notch, 
already  weakened  by  numerous  foramina  for  vessels.  The  proximity  of  the  popliteal 
vessds  has  resulted  in  grave  complications  from  pressure  or  from  rupture.  Either 
condylc  may  be  split  of!  separately.  The  joint  is  necessarily  involved  in  ali  these 
fractures,  and  rapid  distention  may  make  the  diagnosis  difHcult.  The  X-rays  should, 
of  course,  be  employed  in  such  cases,  and  indeed  in  ali  doubtful  fractures  of  the 
femur. 

Osteotomy  for  genu  valgum  may  be  done  through  an  incision  on  the  outer 
side  of  the  thigh — the  region  of  safety — about  two  inches  above  the  external  condyle. 
The  ilio-tibial  band  of  fascia  is  cut  ;  the  incision  passes  in  front  of  the  biceps  ;  when 
about  two-thirds  of  the  shaft  has  been  divided  by  the  osteotome,  the  remainder  will 
fracture  easily,  as  the  outer  part  of  the  bone  is  here  thicker  than  the  inner.  The 
operation  has  the  advantages  of  remoteness  from  the  epiphyseal  line,  from  important 
blood-vessels,  and  from  the  synovial  membrane  of  the  knee.  The  bone  is  divided 
at  a  narrow  part. 

Disease. — Infective  disease  of  the  upper  end  of  the  femur  usually  involves  the 
hip-joint,  even  when  it  begins  in  the  diaphysis,  the  epiphyseal  line  being  intra- 
articular. 

In  spite  of  the  protective  covering  of  musdes  surrounding  the  shaft,  it  is  not 
infrequently  the  subjcct  of  inflammation,  probably  as  a  result  of  the  great  strains  and 
numerous  traumatisms  to  which  it  is  subjected,  and  of  the  physiological  activity 
necessitated  by  its  rapid  growth,  which  between  birth  and  maturity  is  proportionately 
nearly  twice  as  much  as  that  of  the  leg  and  more  than  twice  as  much  as  that  of  the 
whole  body.  Thus,  post-typhoidal  osteitis  attacks  the  femur  in  about  twenty-five 
per  cent.  of  the  cases  in  which  the  lower  extremity  is  involved,  and  more  frequendy 
than  any  other  bone  except  the  tibia  and  ribs,  although  the  superficial  bones  of  the 
skeleton  are  involved  by  this  disease  three  and  a  half  times  more  frequently  than  the 
deep  bones. 

At  the  lower  end  of  the  femur,  disease  resulting  in  necrosis,  especially  of  the 
posterior  aspect,  often  requires  amputation,  as,  owing  to  the  thinness  of  the  perios- 
teum  in  that  region,  there  is  scarcely  any  attempt  at  the  formation  of  an  involucnim 
(Rose). 

Exostoses  of  the  femur  are  not  uncommon,  especiallv  in  horsemen,  in  the  neigh- 
borhood  of  the  tendon  of  the  adductor  longus — t.e,,  at  the  upper  end  of  the  femur 
— and  occasionally  in  that  of  the  adductor  magnus  at  the  lower  end, — ••rider*s 
bones. '  * 

The  great  comparative  frequency  with  which  sarcomata  attack  the  femur  is  in 
accord  with  the  general  rule  that  they  are  more  frccjucntlv  found  on  long  bones 
than  on  short  ones,  on  the  lower  limb  than  on  the  upper,  and  on  bones  near  the 
trunk  than  on  those  remote  from  it.  As  thev  are  also  more  malignant  the  nearer 
thev  approach  the  trunk,  these  tumors.  like  those  of  the  humerus,  are  clinically  more 
serious  than  those  of  the  distal  portions  of  the  extremity.  Both  central  and  sut>- 
periosteal  sarcomata,  but  especiallv  the  former,  have  a  predilection  for  the  ends 
of  the  bones  ;  but  whereas  thev  affect  chiefly  the  upf>er  end  of  the  humerus  and  the 
lower  ends  of  the  radius  and  nlna,  in  the  infcrior  extremity  thev  «ire  most  often 
found  at  the  lc>wer  end  of  the  femur  and  the  upper  ends  of  the  tibia  and  fibula, — that 
is,  at  the  ends  to\vards  which  the  nutrient  arteries  are  not  directed,  and  at  which 
epiphys<)-(iiaphyseal  union  takes  plače  latest  (i)age  272). 

Landmarks. — In  very  thin  persons  the  head  of  the  femur  can  sometimes  be 
felt  immediately  below  Poupart's  ligament  and  just  external  to  its  middle. 
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the  level  of  the  articular  surface.  Thesc  stnictures  are  covered  by  syno\ial  mem- 
brane. The  head  of  the  (emur  is  covered  by  articular  cartila^e,  CAcepl  at  the  de- 
pression  for  the  insertion  of  the  round  ligament. 

The  bones  are  connected  by  the  capsule  and  the  round  ligament. 

The  capsule'  (Figs.  385,  386)  is  a  fibrous  fnvelope  enclosing  the  'ffOA^ 
strengthened  by  certain  bands,  which  are  inseparabte  parts  of  its  suljstancc,  though 
they  have  namc:j  of  their  own.  The  capsule  is  attached  to  the  cotyloid  ligament  and 
to  the  periphery  of  the  acetabulum  just  outside  of  the  origln  of  the  latter.  In  this 
respect  there  is  much  uncertainty  ;  the  capsule  always  nses  from  the  free  edge  of  the 
Iransvcr^e  ligament,  and,  as  a  rule,  elsewhere  outside  the  base  of  the  colyloid  ;  but  it 
may  in  parts  arise  from  its  edge.  This  applics  to  ihe  capsule  examined  from  within  ; 
externally  the  fibres  extend  a  considerable  dJstancc  from  the  border  of  the  joint. 
They  almost  conceal  the  opening  at  the  notch  below  ;  above,  they  partly  bridge 
over  the  reflected  tendon  of  the  rectus  and  partly  join  its  deeper  fibres.     The  cap- 


FstiniceUbulBi 


Socket  ol  tifthl 


sule  extends  to  the  base  of  the  anterior  inferior  sjiine  of  the  ilium  and  some  distance 
on  the  obturator  crest.  The  attirhment  to  the  femnr.  seen  from  uilhout,  runs  fnMn 
the  top  of  the  grcater  trochanter,  just  above  the  superior  cervical  tiibercie.  down  the 
spiral  line  tu  the  level  of  the  top  of  the  lessor  trochanter,  where  the  line  of  insertion 
turns  in  for  alfoul  two  centiniotrcs.  when  it  passes  upward  along  ihc  baclt  of  the 
neck.  Icss  than  half-way  from  the  head  to  the  posterior  iiitertrorhanteric  line,  till, 
reaching  the  tt.p  of  the  ncck.  it  nradually  passes  outward  to  the  starting-point. 
Thvis  ihf  capsule  stoj«;  alx)ut  a  tinger's-breadth  short  of  the  Icsser  trochanter,  m- 
cludes  Ifss  than  half  the  hlnd  side  of  the  neck,  .md  stO|>s  short  ol  the  digital  (ossa 
and  of  the  Innor  side  of  the  top  of  the  greater  trochanter.  Posteriorly,  it  is  not 
trulv  tnserted  into  the  neck,  but  simply  crosscs  it,  its  position  bting  determined 
by  ihe  line  of  rcfleclion  of  the  svnovial  membrane.  The  general  direclion  of  the 
fibrt-s  is  longitudinal  ;  but  the  posterior  fibres,  »hen  the  femur  is  strongly  extended, 
assumc  the  form  of  a  tu'ist(.-d  band  nmning  from  the  back  of  the  socket  outn-ard 
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and  upward  across  the  back  of  the  neck  lo  the  top  ol  the  greater  trochanter  (Fig. 
387),  Moreover,  beneath  the  longitudinal  layer  there  is  a  sling  of  circular  fibres, 
the  zona  orbicularis,  startiiig  from  the  anterior  interior  spine  of  the  ilium  and  pass- 
ing  behind  the  neck  to  return  to  the  same  point.  It  lies  near  the  head  o(  the 
lemur,  conipletely  concealed  by  the  longitudinal  fibres.  It  is  isolated  only  by  a 
rather  artihcial  dissection. 

The  capsule  varies  much  in  thickness  in  difierent  places  ;  thus.  it  is  very  weak 
behind  and  very  strong  in  front.     It  is  strengthened  by  three  coUections  of  accessory 

Fig.  385. 


nJoJtntonl  llguntiu 


Highlhip.joint,  anterior  »speci. 

™^""«s.  Much  the  most  important  is  the  ilio-femoral  ligament '  (Fig.  385),  a  ihick 
■'^^■'^gular  eKpansion,  intimately  fused  with  the  capsule,  arising  by  its  ape.x  from  the 
L_^^r  part  of  the  anterior  inferior  spine  of  the  iliom  and  from  the  bone  beIow  and 
r^**ind  it  above  the  lip  of  the  acelabulum,  and  tAtending  by  its  base  from  the 
^F*^rior  cervical  lubercle  to  the  level  of  the  ksser  trochanter.  The  borders  of  this 
..  ^  often  particularly  strong,  and  are  spoken  of  as  the  oiiier  and  inner  limbs  of  the 
^^nienL  A  weak  space  is  sometimcs  seen  between  them  near  the  insertion,  whence 
Has  been  called  by  Bigelow  the  V-ligamenl  from  a  resemblance  to  an  inverted  Y. 
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Striking  examplcs  o(  this  are  geiit;rally  artificial  productions.  The  beginning  of 
the  ilio-femoral  liganienl  covcrs  the  ouier  [»sirt  of  the  ht-ad.  Tlie  capsule  is  much 
thinner  over  the  inner  part  {il  the  hea<l,  and  is  covercd  by  the  bursa  under  the  ilio- 
psoas,  which  olten  communicatcs  with  the  joint.  The  pubo-femoral  ligK- 
ment'  (Fin.  385)  is  a  slender  kind  of  libres,  ihickening  the  under  side  of  the 
capsule,  extending  from  the  hmi^st  jioint  "f  the  capsular  insertion  on  the  spiral 
line  to  the  ouler  end  o(  the  obturator  crest.  It  is  rarely  very  evident.  The 
ischio-femoral  ligament*  (Fig.  387)  is  a  strong  bitt  ill-detined  bundle  al  the  back 
of  the  joint,  extcnding  from  the  ischial  origin  of  the  capsule  to  the  top  of  the  digital 
fossa.  The  ca|>sule  is  fiirther  supportecl  by  iiiuscles  and  by  liands  of  fibrous  tissue, 
geiierally  expansions  Inim  tendons  or  fa^icue.     Morris  describes  a  land  on  the  upper 


Fig.  3«6. 
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r  aspect,  ])asstng  bctwLcn  the  roflertcd  tendon  o(  the  rectns  and  the  highest 
origin  of  the  vastus  externiis,  uhich  la  somctimes  verv  strong.  Init,  in  our  opinion. 
inconstant.  The  rclatjon  of  ihc  Jlio-psoas  has  l>een  mentioned.  Fibres  are  received 
al  the  upper  outcr  part  from  the  gliiteus  minimiis.  The  ohtnraior  iniernus  and  the 
gemclli  are  close  against  it  behin<l,  and  the  olitiiratnr  e.xterniis  behind  and  below. 
We  have  scen  a  tendinous  kind  l)eneath  the  tendon  of  the  obturator  internus  cjuite 
disttnct  friHn  the  capsule  internally  and  fused  with  it  externally.  It  mav  have  been 
a  reduplication  of  lliat  inuscte  or  an  e.xtra  isfhiofimorai  ligament. " 

Tile  round  ligament  ( !igatmntnm  hres \   \  l-"igs.    3S4,    3K9 )  is  a  weak   band 
of  lihrous  tissue,  containing  vessils  :md  nerves.  surroiuKled  by  synovial  membrane. 
Iving  mvler  the  fat  in  the  dec-[)  nnn-iirticular  hollow  of  ihe  socket.  connccting  the 
'Jiiumal  iif  An.iti>niy  an<i  riivsiiiliit,-!-,  viil.  viii,,  1H74. 
'Uf,  MttKipiaUri     'Ui,  UcklKa^Hlin. 
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rim  of  the  acetabulum  with  the  head  of  the  femur.  The  origin  is  from  each  edge 
of  the  notch  and  from  the  deeper  fibres  of  the  iransverse  ligameiit,  the  insertioti 
inio  the  deepesl  part  and  upper  edge  of  the  depression  in  the  femoral  head.  A 
ffesh  specimen,  especially  from  a  child,  shows  the  lower  half  of  the  depression 
hecoming  gradually  shal]owcr  and  forming  a  groove  in  which  the  upper  pprt  of 
the  band  rests,  which,  covered  with  the  5ynovial  membrane,  completes  the  spheri- 
cal  shape  of  the  head.     Vessels  run  along  the  round  ligament,  vvhich  in  infancy 

Fig.  387. 


^^^^     «arly  childhood  nourish  the  head,  biit  in  the  adiilt  thev  oftcn  do  not  enter  the 

ll,  This  ligament  is  somctimes  wanting.     According  to  Moscr,'  this  delect  is  only  in 

.^     «r)!d,  and  is  to  be  looked  iipon  as  a  degenerativc  change.      Comparative  analomy 

,^J*^^lies  that  it  is  the  analogne  of  a  ])art  ot  the  capsiile.      It  is  remarkable  that  it  is 

**^ting  in  cerlain  species  closelv  allicd  to  others  possessing  it.      Besides  the  two 

**»"«mes  of  complete  (recdom  wilhin  the  jnint  and  of  total  abscnce.  the  ligamentum 

^''^a  of  animals  is  also  fnnnd  in  an  impcrfcctly  dcvcloped  condition  as  a  fold  along 

'  Schwalbe's  Morpholog.  Arbeilen,  Bd.  ii.,  1893.    This  paper  gives  the  literature. 
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the  aide  of  the  cavity  between  the  notch  in  the  acetabulum  and  the  head  of  the  bone. 
Many  of  the  statements  of  its  absence  require  conlirmation  by  more  observations. 
Thus,  among  the  anthropoid  apes  it  seems  to  be  generatly  preaent  in  aH  but  the 
ourang.  In  thia  animal  though  ui>ual]y  uantmg  t  has  been  lound  in  a  rudimentar/ 
condition.  Meckel  declared  tliat  il  was  absent  in  the  gibbon,  but  we  believe  no 
other  observcr  has  had  a  similar  expenence  It  is  \ery  strongly  developed  in  the 
ostrich,  but  is  wanting  m  the  rhea  (the  American  ostnch)  and  probably  in  thecaaso> 
wary.  Sutton'  considers  it  as  the  tendonof  the  pectineus  muscie  whtch  haa  become 
separated  through  skeletal  modifications  Sutton  rches  a  good  deal  on  the  condition 
in  the  horse  for  support  in  his  argument  He  found  it  consisting  of  two  bands, — 
one  within  the  joint,  apparently  the  usual  ligament  and  another  passing  out  of  the 
cavtty  to  the  linea  alba  at  its  junction  mth  the  pubes>  which  he  calls  the  pubo- 
femoral  portion.  The  pectineus  muscie  arises  m  part  from  this  latter  portion. 
Sutton  gives  a  table  telling  the  story  of  the  structure  according  to  his  theory.  In 
sphenodon  (a  lizard)  the  tendon  of  the  ambiens   rq)re3enUng  the  pectineus,  passes 

Fig    388 
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fnkdon 
ough  nghl  h  p-Joinl 

into  the  joint  to  the  head  of  the  femnr  in  the  ostnch  the  ligament  is  continuous 
with  the  tendon  by  mcans  of  connectivc  tissue  in  the  horse  the  two  parts  are 
distinct ;  and  in  man  the  e\ternal  ptrt  is  »inting  The  structure  is  evidently  a  very 
variable  one. 

The  8ynovial  membrane  (Figs.  ,^86,  388)  lines  the  capsulc,  covers  the  cotyloid 
and  transvenic  Hgaments,  surrounds  the  ligamentum  tcres,  and  covers  the  fat  in  the 
fossa  of  the  acetabulum.  It  is  retlected  from  the  femoral  attachment  of  the  capsule 
onto  the  neck,  which  it  invests  to  the  border  of  ihe  articular  cartilage.  This  reflected 
part  presents  ccrtain  tolds  caiiscd  bv  fibres  from  the  ca[>sule  running  up  along  the 
neclc,  called  retiHacula  C  Fig.  yfi  l .  Thcrc  are  gonerallv  threc  chief  oncs  :  a  superior, 
siarting  from  the  superior  cervical  tiil>crcle  and  ninning  atong  the  upper  border,  or 
hnckward  across  the  neck  to  the  hoad  of  the  frniiir  ;  a  tniddle,  from  near  the  inferior 
cervical  tuhcrcle  along  the  front  of  ihe  lower  horder  of  the  neck  ;  and  an  inferier, 
from  ne.ir  the  lesser  trochanter  along  the  loucr  sidc.  Any  of  these  niay  be  more 
or  less  free  from  the  neck. 


'  Journal  (if  Anatuniy  and  P]iy>iii>](>)(y.  vol.  : 


1883. 


THE   HIP-JOINT. 


373 


The  retinacula '  probably  strengthen  the  union  of  the  hcad  and  neck  belore  the 
union  of  the  epiphyses. 

Movements. — As  a  ball-and-socket  joint,  the  hip  permits  motion  on  an  indeti- 
nite  number  of  axe3.  If  the  bali  were  on  the  end  of  a  straight  rod,  we  could  assume 
that  flexion  and  extension  occur  on  a  transverse  axis  and  adduction  and  abduction 
on  an  antero-posterior  one,  but  the  inclination  o(  the  shaft  of  the  femur  and  that  of 
the  neck  in  two  directions  complicates  the  problem,  so  that  accurate  analysis  of  the 


Fig.  389. 
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-    '-^venjents  is  practically  impossible.       Rotation  is  motion  on  a  vertical  axis  which 
Kencrally  assumed  to  pass  through  the  head  and  the  intercondvlar  notch.     This 
,^*t,  of  course,  vary  with  the  shape  of  the  bone.     Alihoiigli  the  angular  motions  in 
J  *    four  conventional  planeš  ;        ■       ■  ■       ■        ■ 

.^  practical  purposes.      Flexic 
^'^  trunk  before  the  limiis  of  1 


stopped  in  life  by  the  contact  of  the  tbi^h  and 
lotion  are  reached.      E.vUnsion  is  hmited  by  the 


'  Fawcett ;  Journal  of  Analomy  and  Physiology,  vol.  j 
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resistance  of  the  strong  ilio-femoral  ligament,  excepting  the  outer  band.     Abduction 
is  limitcd,  the  thigh  bcing  extende(l,  by  the  pubo-femoral  ligament  and  perhaps  by 
the    inner    llmb  of    the  ilio-iemoral. 
KiG.  Mo.  When  the  thigb  is  flexed,  the  latter  is 

certainly  relaxed,  and  the  strain  comes 
on  the  putm-femoral  and  a  part  of  the 
capsule  behind  it, — a  very  weak  re- 
gion.  Adduction  with  a  straight  thigh 
is  limited  by  the  outer  Hmb  of  the 
ilio-fcniorat,  the  top  of  the  capsule, 
and  Mon'is's  band  from  the  rectus 
tendon  to  the  vastus  externus,  if  it 
be  present.  After  moderate  flexion 
is  passcd,  the  ilio-femoral  is  relaxed. 
Otttifard  rotalion,  the  thigh  being 
siniight,  is  checked  by  the  ilio-femoral, 
especially  by  its  inner  band.  As  the 
thigh  is  flexed  the  inner  band  is  re- 
la.vcd  and  the  outer  is  at  first  tense, 
l)iit  both  are  relaxed  as  f]exion  reaches 
aboiit  45°.  Morris's  band  now  be- 
comes  tense,  and  as  f1exion  becomes 
extreme  the  round  ligament  is  tense 
also,  unless  the  thigh  be  abducted, 
\vhen  it  is  completely  relaxed.  /«- 
U'ard  rotalion  is  checked  by  the  ischiO' 
femoral  ligament  in  any  position. 

The  mnst  important  part  of  the 
capsule  is  the  ilio-femoral  band,  which 
is  extremely  strong  and  prevents  over- 
extcnsion.  It  is  an  essential  element 
in  maintaining  the  upright  position. 
The  round  ligament  nas  probably  no 
mechanical  function,  ihough  it  can  be 
made  tense  by  flexing.  and  at  the  same 
tinie  either  adducting  the  femur  or 
rotating  it  outward.  It  is  too  weak  to  be  of  aiiv  real  use  as  a  restraint,  Probably 
its  chief  usefulness  is  to  carry  vcsseis  to  the  hcad  of  the  femur  in  childhood. 
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PRACTICAI-   CONSIDERATIONS. 

The  greater  security  of  the  hip-joint,  as  compared  »ith  the  shotilder-joint,  is 
due  to  the  dcpth  of  the  acetabular  cavity  ;  to  its  reinforcement  by  the  cotvloid  fibro- 
cartilage  ;  to  the  attachmcnts  of  the  ilio-psoas,  gtutetis  minimus.  and  vastus  externus 
ti)  the  capsule  ;  but  chief1y  to  the  thickenings  nf  the  capsule  itseU,  which  are  described 
as  the  ilio-,  ischio-,  and  pul)o-femoral  ligaments. 

The  greatest  prcssuro  upon  the  capsule  in  ali  ordinary  positions  is  in  an  upward 
and  outward  directiun.  or  upon  the  anterinr  stirfacc  ol  the  capsule,  as  when,  under 
the  inrtuente  nf  ihe  power(ul  cxtensor^.  the  pelvis  and  trunk  tend  to  roll  backward 
upon  the  thighs  in  the  erect  postiire.  The  tcnsion  and  pressure  are,  of  course, 
greatest  near  the  [iilvic  attachm<-iit  of  the  ca[)sule  where  the  head  will  impinge  upon 
nost  advantage  as  to  Icverage.      The  capsule  is  espcciallv  fitted  to  resist 


thi^ 


If  iwn  linfs  be  di 
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n.  one  from  the  anterior  inferior  ilinc  spine  to  the  inner 
the  Icssir  trochanter,  iho  nther  from  the  anterinr  part  ol 
ti  olitiiratnr  {"/>..  the  uppcr  part  n[  the  tiihcrositv  ol  the 
isihiiim  )  lo  thi-  digital  li>ssa,  :ill  the  ligament  outsiile  an<l  aliove  these  lines  is  very 
lhi<k  anil  ^tronl;  ;  whi-ri';is.  aH  t"  the  inner  si<lr  and  1h1uw.  exfept  along  the  narrow 
pubo  fenit.ral  band,    is   verv   thin  and   weak,  so  thai  tlie  Iiead  of  the  bone  can  be 
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seen  through  it  (Morris).  Fig.  391  represents  this  diagram maticalty.  In  addition, 
the  greater  e)evation  and  thickness  of  the  upper  and  outer  rim  of  the  acetabulum, 
and  the  pressure  against  the  truchanter  exertcd  by  the  llio-tibial  band  of  the  fascia 
lata  (Aliis)  in  adduction  of  the  thigh  (which  means  an  outward  movemeni  of  the 
upper  extremily  of  the  femur),  should 

be  mentioned  among  the  factors  that  Fic  39'- 

resist  disptacement.  The  hgamen- 
tum  teres  is  of  little  value,  as  its 
bony  attachment  to  the  femoral  head 
B  casily  separated  by  a  force  less 
than  that  required  to  ruptnre  the 
Jigamem. 

A  line  drawn  from  the  anterior 

spine  to  the  tuber  ischii  will  approxi- 

rnately  bisect    the   acetabulum    and 

««-111  divide  each   half  of   the  pelvis 

in  C«  two  planeš,  the  pubo-ischiatic, 

//mer  or  anterior,  and  the  ilio-ischi- 

acJ«::,  outer  or  posterior  (Fig.  392). 

M/"  Jnen  the  head  of  the  femur  escapes 

froKTi   the  acetabulum  it  must  lie  on 

th^    surface  of  one  or  other  of  these 

pl^ncs.      AU  dislocations  are,  there- 

ior^,     either  (1)  outward — t.e.,  pos-     — '■" ' — {oini'" i^Mi'.]  -"  ' 

tCE-ior — or  (2}  inward — i.e,,  anterior. 

I.  Outuard  or  Posterior  LiixaHons. — Traumatisms  in  which  the  force  is 
^^t  j^ended  upon  the  region  of  the  hip  result,  as  a  rule,  in  children  in  epiphyseal  sep- 
3*'^tion  (page  361),  in  old  persons  in  fracture  of  the  neck  of  the  femur  (page  363). 
X  7"  3  cases  of  dtslocation  of  the  hip,  138  ivere  between  fiftecn  and  forty-five  years 


of 


»K«- 


In  practicallv  ali  positions  o(  the  hip  in  u*hlch  hi.\ation  is  probable  the  force 
*cts   through  some  form  of  leverage  »hich  brings  the  short  arm  of  the  lever — always 

the  head  and  neck  of  the  femur — 
Fig.  391.  against  a  \veak  portion  of  the  cap- 

^  sule.     If  it  does  this  with  the  aid  of 

a  bony  fulcrum,  the  power  is  ex- 
erted  to  the  greatest  possible  ad- 
vantage.  Thus,  in  hypereKtension 
of  the  thigh,  the  acetabular  rim  acts 
as  a  fulcrum,  but  the  head  of  the 
bone  is  brought  against  the  anterior 
part  of  the  capsule, — the  ilio- femoral 
Jigament, — which  is  usuallystronger 
than  the  bone  itself.  Hyperflexion 
is  arrestcd  by  the  contact  of  the 
sott  parts  of  the  front  of  the  thigh 
with  the  abdomen  ;  hyperadduction 
by  the  contact  of  the  shaft  with  the 
pubes.  Hyperabduction,  however, 
brings  the  greater  trochanter  against 
the  promincnt  outer  lip  of  the  ace- 
tabulum, while  the  head  is  carried 
^''*rt»»..k™j— J-  Ml     1      /  !■  !■,  1,  .    '       .        1       ,     dovvnward   against    the    ihin    inner 

^'^"■m  »honing  divldlnu  line  l.\,  1  I  lwtwiTn  outei  aml  mnel  ,,  "        ,      ,  ,  , 

peivii- iiiaN.:s.    \AUii.\  and  Imver  part  of  the  capsule  :  ihe 

ilio-fcmnral  and  ischio-feniora!  liga- 
™^nts  are  relaxed.  and  the  Hcak  pubo-fenioral  ligament  ofTers  but  litdc  resistance  ; 
/•^  head,  being  opposite  the  shallowest  part  of  the  acetabulum,  projects  hnlf  its 
^'^  out  of  that  cavitv  ;  the  w(-ight — i.e.,  the  resistance  of  the  capsule — is  very 
■^^He  to  the  fulcrum,  greatly  incrcasing  the  povier  of  the  leverage. 
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The  ilio-femora)  ligament  inay,  in  cases  in  which  the  thi^h  is  adducted  and 
rotated  inwarc)  at  the  timc  of  application  of  the  forcc,  take  the  plače  of  thc  acetabu- 
lar  rim  as  a  fulcrum.     In  that  position  it  is  wound  round  the  neck  of  the  (emur,  and 


when  the  flexed  leg  is  used  as  a  crank  the  head  may  be  made  to  burst  through  Xhc 
lower  and  postcriur  part  of  the  capsulc. 

Allis '  has  shown  that  thcse  conditions,  casily  dcmonstrated  cx  peri  m  en  tali  y,  are 
reproduccd  in  many  (orms  of  accident.  It  is  obvious  that  they  are  ali  favorable  to 
a  downward  diiilocation,  and  this,  as  is  the  čase  with  the  humeral  hcad,  is  the  direc- 

tion    primarilv   talcen    in    the 
vast  majoritv  of   these  luxa- 
Fiu.  394.  tions.     If  the  th^h  has  been 

rotated  inward,  either  in  ad- 
duction  or  abduction,  the 
hcad  of  the  bone  will  paas 
outu-ard  and  backward  and 
rest  behind  the  acetabulum 
on  some  part  of  the  outer  or 
poslerior  plane  of  the  pelvis. 
If  it  lies  upon  the  ilium,  a 
little  above  the  acetabulum, 
it  constitutes  the  "  iliac"  dts- 
location, — "above  the  obtu- 
rator  tendon  ;"  if  upon  the 
ischium,  on  a  level  with  or  ' 
a  little  below  the  acetabulum, 
it  is  thc  "ischiatic"  or  "sd- 
atic"  dislocation,  —  "  below 
the  obturator  tendon."  Thi» 
obturaior  internus  tendon 
sometimes  interposcs  an  ob- 
staclc  to  thc  upuard  passage 
of  the  head,  biit  its  impor- 
tance  in  this  rcspect  has  been  e.taggerated.  The  deRn-c  of  flexion  of  the  limb  at 
thc  tirne  of  the  accident  is  more  likclv  to  determine  the  levd  at  «hich  the  head  rests. 
'  Keduction  o(  Dislociiiions  of  ihe  Hi]>,  Pliiliidelpliia,  1896. 


PRACTICAL   CONSIDERATIONS :    THE   HIP-JOINT.  377 

In  both  positions  the  ilio-femoral  ligament,  which  is  almosi  invariably  intact, 
has  now  become  the  fulcrum.  As  the  short  arm  of  the  lever— the  head  and  neck — 
hasmovedoutward,  the  long  arm — theshalt  of  the  femur — must  move  inward  ;  hence 
adduction  is  presenl  in  ali  cascs  of  uutuard  luxalion  in  which  the  V-Mgament  is  not 
lacerated,  and  is  persistcnt  because  the  head  lying  in  contact  with  the  outer  wall  of 
the  pelvis  cannot  be  moved  tnward.  Rotation  inward,  which  is  also  present  and 
persistent,  is  due  to  the  same  tension  upon  the  V-ligament.  This  esplains  the 
usual  position  of  the  linib  with  the  line  of  the  femur  crossing  that  of  the  opposJte 
thigh  a  little  above  the  knee  and  the 

Sreat  toe  resting    upon   the  instep  of  Fig.  395. 

^he  sound  foot.  Flexion  of  the  thigh 
>s  maintained  partly  by  the  tension  on 
fthe  ilio-psoas. 

The  muscies  have  a  very  minor 
part  in  tlie  production  or  maintenance 
of  the  characteristic  deformity.  The 
ejirtemal  rotators,  the  ghuei  and  the 
pectineus,  are  often  lacerated.  There 
is  shortening,  and  the  trochanter  is 
above  the  level  of   N£laton's  line. 

In  the  rare  cases  in  »hich  the  Y- 
l^^čKzncnt — or  tis  outer  limb — is  torn, 
outward  !uxation  with  neither  adduc- 
tion   nor  inversion  beconies  possible. 

12,  Jtnvard or  Anierior Luxatio7is, 

— These  always  occur  with  the  ihigh 

in  atvduction,  and  are  favored  by  out- 

war<d    rotation,  which  carries  the  head 

tOM'ar«ds  the  tower  anUrior  part  of  the 

capsule.    If  it  |>a55es  upward  and  rests 

on  th^  ix>dy  of  the  pubis,  it  constitutes 

the       •  "pubic"    luxation    (Figs,     395, 

396)    ;  if  downward,  it  is  in  or  opposite 

the  tliyroid  foramen,  and  is  often  called 

«>    "  obturator"   or  "thyroid"    luxa- 

tjon  t  Figs.  397,  398).    The  ilio-femoral 

Kgament  again  becomes  the  fulcrum  ; 

the  short  arm  of   the  lever  has  been 

<anrie<l  inward,  necessitating  a  corre- 

sponding  outward  movement  o(    the 

long  arm  ;  hence  at)duction  is  present. 

•"^  cxaggerated   rotation  oiitward  is 

"•^intained  by  the  tension  of  the  liga- 

"=pt ;  hence  the  eversion  of  the  limb. 

Neither  abduction  nor  eversion  can  I« 

?vercome,   because  the  head   is   held 

1nnlyagainst  the  pubo-ischiatic  pelvic 

?"'^«.    The  gractlis,  pectineus,  and  ad- 

.  "*^ore  are  apt  to  be  tnrn  ;  the  stretch-  >.„„.„„,.  „.  i,„  ,.„„  «.  ...^  ..^...u.  «...« ...=  v""^'- 

"S  of  the  ilio-psoas,  the  glutei,  and  the 

.. ''^clra  inserted  into  the  greater  trochanter  aids  in  maintaining  both  the  ffexion  and 

^   eversion.     The  iho-tibial  band  of  fascia  will  be  foiind  relaxed  :  the  trochanteric 

^/^'»linence disappears  as  the  trochanter  approaches  the  mid-line  and  is  in  a  measure 

''•C  in  ihe  socket.     There  «ili  be  shortening  on  mcasurement  from  ihc  anterior 

J«  ^^rior  spine  to  the  condyle  ;  the  head  of  the  femur  will  l>e  iimlulv  prominent  in 

*  pubtc  varicty. 
.-  \Vith  the  patient  in  dorsal  decubitus,  it  \vill  l>e  cvidcnt  tliat  the  acetabula  are 

Ij^^ated  on  a  horizontal  plane  about  midway  betwcen  the  pubes  and  the  sacrum. 
^^'^ni  this  level  the  pebis  slopes  iipward  to  the  symphysis  and  downward  to  the 
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sacro-iliac  junction.     It  is  obvious  Ihat  iio  antcrior  dislocation  can  be  below  the  tn- 
acetabular  line  and  no  |X)slerior  dislocatiun  can  be  above  it. 

As  thc  fcmur  is  abuut  equal  in  length  to  thc  tibia  and  tarsus,  if  the  head  is  in 
the  sockct  tlic  fout  wi]l  be  on  the  acelabiilar  level  wlien  the  thi^h  is  vertical  and  the 
knee  flcKed.  If  the  head  is  dislocated  :interi<)rly,  the  (oot  will  l>e  on  a  higher 
level  :  if  posierinrly,  tiie  foot  will  be  lower,  and  may  even  touch  the  surface  on 
which  the  [latient  lies.  There  will  bc  correspoiiding  changes  in  the  levcl  of  the 
kiiees  (Allis). 

Tlie  femurul  vessels  are  not  often  injured  in  hip  luxations,  because  they  lic 
al>ove  thc  joint  and  luxations  are  always  ]>riinarily  downward  ;  and  because,  as  the 
head  appniaches  theni  in  the  inward  varicty  only,  and  as  fur  the  production  of  that 
variety  alidiiction  is  nccessary,  the  muscles  beneath  thein — the  pectineus  and  ilio- 
psoas — aro  piit  upon  the  stretch  and  the  vcssi-ls  are  lifted  out  ol  harni's  way, 

The  relations  ciI  thc  sci;Uic  nerve  to  tliese  injuries  are  of  great  importance.  The 
nerve  is  in  closc  relation  to  the  hanistring  niusctes,  especia)ly  to  tlie  biceps.     These 

structures  are  made  tense 
iind  are  stretched  across 
the  ncck  of  the  femur  pns- 
teriorly  by  flexion  of  the 
thigh  on  the  pelvis,  espe- 
ciallv  if  the  leg  is  also 
e.\ti;nded  on  the  thigh,  so 
that  the  origin  and  inser- 
t  ion  of  the  hanistring  mus- 
clcs  are  separated.  If,  in 
a  dislocation,  the  head  of 
thc  femur  original]y  hes  on 
the  anterior  plane  of  the 
pehis,  and  either  by  the 
force  producing  the  dis- 
|>laceinent  (as  is  commonljr 
the  čase),  by  ihe  action  (rf 
muscics,  or  during  eSorts 
at  reduction  is  made  to  pas9 
lo  thc  jmsierior  plane,  it 
inust  traverse  the  nanoor 
S|>ace  betwecn  the  sciatic 
iHTve  and  hanistrings  and 
the  edge  of  the  acetabu- 
liiin.  Thc  nerve  is  thus 
verv  apt  to  be  bruised  and 
stretched  and  separated 
sumcvhat  froni  the  biceps 
teiidon.  Latcr,  if  repla<^ 
ment  by  "  circtmuinction"  is  atlcmptcd,  the  head  mav  pass  l>eneath  the  nerve, 
which_wi!l  ihen  bc  tightly  stretched  over  the  front  of  thc  ncck.  wiU  prevent  fuU 
e.\ten»ion  of  the  thigh,  and  will  cause  contintK-d  pain  and  disabitity.  Other  com- 
plications  associated  with  the  nerve  may  <ncur.  and  have  bcen  fully  demonstrated 
by  Allis,  \iliiwe  cxcellent  expcriincntal  and  cJinical  work  fiirmsthc  ttasis  for  theftve* 
goiiig  smiiniarv  "f  the  anatomv  ol  hip  lu\ali<>ns. 

In  r<-(liiction  of  |xisterior  dihlocations  bv  thc  nicthod  of  circnmdiiction  the 
thigh.  whirh  is  alrcady  flexe<l,  aildnclcd.  and  invertcd  hv  the  agencies  above 
desi-rilitti,  is  stili  fnrthcry/c.»r</  an«l  addudfd  an<l  lifted  upw;ird  to  relax  the  ilio-psoas 
anii  In  brinu  t'"-'  •"-'^"1  "'  ihi-  bom-  m-ar  thc  niarj,'in  nf  the  acctabiihim  ;  it  is  then 
aMufta/.  li^htcninj;  th.'  inm-r  Iniml  of  the  liganient.  anii  i-irti,-d,  tightcning  the  outer 
lund  an<i  ■i.nvcrtini-  tlu-  fcnioral  atta.hnient  of  the  whi)k-  lij,'aincnt  ( but  chiefiv  of 
'n>  iiiiti-r  limli)  intci  a  fnicnini  amund  whicli,  asa  centre. — ihe  iilHlnciionand  everšion 
iH-inir  continned  into  dr.nmdnction,— llic  hcati  cif  ihe  bojic  sMtcps.  skirting  ihe 
li>wir  cdgi-  nf  thc  acclabiihini,  and  linallv,  by  c.vtfitsion  of  the  thigh,  re-cnterii^r 


PRACTICAL   CONSIDERATIONS :  THE   HIP-JOINT.  379 

that  cavity  at  thc  point  where  it  emerged.     The  whole  movement  is  made  up  of  the 
successive  steps  of  flexion,  adduction,  abduction,  eversion,  and  cxtension. 

In  reduction  of  anterior  dislocations  some  of  the  steps  of  the  procedure  are 
reversed, — i.f.,  the  movement  consists  of  flexion,  abduction,  adduction,  Inversion, 
and  extension,  in  the  order  nientioned,  The  inner  limb  of  the  llgament  is  then  of 
chief  importance  as  a  fulcrum.  The  objectioti  to  this  method  in  both  cases  is  the 
<ianger  to  the  sciatic  nerve,  alreadv  pointed  out,  and  also  to  thc  femoral  \essels. 

lethods  of  reduction  are  intended  toavoid  this  danj;er,     He  endeavors 


to  cause  the  head  to 

Vosterior  dislocation  the 

liead  has  usually  left  the 

^cetabulum  in  a  doMn- 

^»ard  direction,  has  lallen 

taeJov  the  socket,  and  has 

f>assed  outward  around 

xAe  edge  of  the  acetabu- 

M  Lini  to  its  new  position  ; 

t/ac:  limb  has  then  fallen 

intc»  partial  extension  by 

it^       own   weight.     Thus 

th^re   are  three    steps, 

»■»■•^ich,  naming  them  in 

tJ»«^ir  reverse  order,  are  : 

3*      «:=xtension  ;  2.  moiion 

om^t-vard;       i,     moiion 

<i^:>^^nward.      The   steps 

c»t   \^  is  method  areaccord- 

i*^^^ly  :  I,  ftexion  ;  2,  ro- 

t^tion  of  the  head  inuard 

C  *^>'     carrving    the    leg 

C>vat.),  placing  it  »here  it 

wrsas     iiiimediatelv    after 

^^^^■ving  the  acetabuhim  ; 

S,      lifting — to  bring  the 

W«acJ  to  the  level  of  the 

aocket  —  and    extension 

Cusing   the    ilio-femoral 

ligaiueat,  which  then  bc- 

com«  tense,    as   a  tiil- 

c»^m,  and  aided  by  the 

iipward  pressure  of  the 

tnumbs  of  an  assistant), 

carrying  the   head   up- 

""^rd  into  the  socket. 

In  the  reduction  of 
Anterior  dislocations  the 
*natomical  and  mechani- 
^*^     principles   in\olved 
"■e  the  same.     In  those 
I '^'»lications  the  head  has 
ih     "1*  socket  by  tearing 
ih     ^"ps"'^  ^'^  '^s  inner  marj;! 
"1?^  limb  representing  the  01' 
,""eotion,  or  outward  :  and 
"«^S  ,lighlly.      - 


accurately  the  path  by  which  ii  left  the  socket. 
Fig.  397. 


In  a 


;  and  a 


i,  and  has  passe<l  inivard  to  the  pubo-ischiatic  plane  ; 

end  of  an  int1e.xible  lever  must  move  iu  thi-  <)p|X)site 
it  falls  a  littlc  doivnward  by  its  own  neight,  thc  head 

.■ersing  these  steps,  flt'x  to  a  pfr|x.'iKliciilar,  loivering 


head  someivhat  ;  niako  tractinn  on  thc  limb, 
'***='!.  the  head  being  fixed  hy  thc  hands  of  an  as: 
^^sing  the  head  to  enter  iho  socket. 

By  these  methods  reduction  of  dislocation  coniplicated  with  fracturc  of    the 


\ving  the  head  ontward  ;  and 

;tain,  addiict  and  exlcnd  the  thigh. 
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femur  becomes  possible  because  ol  (ht-  firm  connection  between  (n)  the  base  of  the 
neck  and  ihe  acetabulum  ihrou^h  the  unruplured  portion  of  the  capsule,  and  (i) 
the  two  trugments  through  the  attachmeiit  of  musdes  aloiig  the  linea  aspera. 
Thcse  connections  enable  the  limb  to  be  used  for  traction,  although  the  fracture 
quite  precludes  the  employniem  of  circumductiun  and  rotation. 

Allis  summarizes  the  principles  of  his  method  by  sayin);  that  the  cardinal  rule 
applicable  to  ev(.-ry  form  of  dislocation  of  the  hip  is  :  draw  the  head  in  the  direction  of 
the  socket ;  apply  a  fulcnim  at  the  upper  part  of  the  lever  ;  pry  the  head  into  the 
Socket. 

The  old  view  that  the  opening  in  the  capsule  was  often  a  slit  which  required 
enlargement  before  the  head  could  bc  replaced  has  been  shown  (Allis  and  Morris) 
to  be  fallacious.  The  iiielastic  character  of  the  capsutar  fibres,  the  globular  shape 
of  the  femoral  head,  and  the  suddcnness  of  apphcation  of  the  force  (preventing 
L'tching)    make    the  rent   in  e\'ery 


Fig.  398. 


casc  as  large  as  the  head  ;  it  is  not 
intruqueiuly  larger.  If,  however,  it  is 
siluatt^d  near  the  femoral  attachment 
of  tht'  capsule,  it  may  leave  a  cufi  of 
the  latler  hanging  from  its  pelvic  ori- 
gin  ovtr  the  acetabulum,  and  offering 
a  si-rtotis,  if  not  insuperable,  obstade 
to  reduction. 

Cojigenital  dislocation  of  the  hip 
may  be  unilateral  or  bilateral,  and 
while  occasionally  the  result  of  intia- 
uterine  traumatism,  is  usually  due  va 
an  arrest  of  development  of  the  aoe- 
titbutum.  The  head  rests  on  the  dor- 
suni  ilii,  eilher  directly  upon  the  bone 
or  on  the  gluieus  minimus.  The  cap- 
sule is  stretched  and  thickened  to  bcar 
the  ueight  of  the  trunk.  The  tro- 
chanters  can  be  seen  through  the 
glutci  :  they  are  above  N41aton'9  line  ; 
there  is  usuallv  lumbar  lordosis  to 
compensate  for  the  displacement  pos- 
teriorly  of  the  centre  of  gravity.  The 
perineum  is  widened. 

Disease  of  the  hip-joint   b  fre- 

■»ne m onimuur luuiion  quent  and  ^rave.       It  may  begin  in 

the   epiphys!s   for   the   head,   in   the 

svnovial    membrane,  or,    much   moie 

rarely,  in  the  articular  cartilage.     It 

mav  be  of  any  variety,  but  tuberculous  disease  outnumbers  ali  others. 

Both  the  frcquency  and  the  gravity  of  disease  of  the  hip-joint  are  due  tO  :  I, 
the  exccptional  exposure  of  the  joint  to  strains  or  traumatism  on  account  of  it*  im- 
]M>rtancc  in  carrying  the  weight  of  the  trunk  and  in  progression  ;  2,  the  intn- 
capsular  situation  of  the  uppcr  femoral  epiphysis  ;  3,  the  relation  of  the  Joint  tO 
someof  the  most  poivcrful  musciesof  the  body,  30  that  preat  intra-articular  pressure 
is  casilv  set  up  and  with  difScultv  overcome  ;  4,  its  enclosure  by  dense,  unyielding 
fibrous  structun-s  that  incrcase  tcnsion  after  disease  has  begun  ;  5,  the  thinnen  o( 
the  non-articular  plate  of  iii)nc  that  separates  it  from  the  pelvis,  and  the  presence 
up  to  pul»crty  of  ihc  V-ahaped  cartilaRe  which  divides  the  acetabulum  into  three 
iHmv  segmenta  (Fig.  353)  ;  6,  its  deep  situation,  rendering  the  eariv  symptoni5  in 
many  casi-s  iuron!i|iiciious  ;  7,  the-  deprivation  ol  frcsh  air  and  exercise,  and  often 
(if  siinlight.  iiivoKcd  In  the  immobilizatton  of  the  joint. 

Tlif  disiase  is  alitudcd  hy  certain  symptoms  having  a  definlte  anatomical  faasb  : 
I.  Sttillinj,'.  whiili  is  must  cjisilv  domonstrated  fn)  at  thu  lowcr  antenor  portion  of 
the  jiiint  just  internat  to  the  llio-fomoral  ligamt-nt,  uhcre  the  capsule  is  thin  and  the 
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tion,  which  somctimes  shows  thickenin^  over  thc  inner  surface  of  the  acetabulum  in 
the  latter  čase  and  not  in  the  foniier  (Cheyne).  In  dislocation  from  disease,  unless 
there  has  been  separation  of  the  head  or  great  absorption  of  the  neck,  the  tro- 
chanter  will  be  farthcr  away  from  the  middle  line  on  the  affected  side  than  on  the 
sound  one.  This  will  serve  to  distinguish  shortening  of  the  limb  duc  to  this  cause 
from  shortening  due  to  acetabular  deepening.  Abscesses  developing  within  the 
joint  may  pass  outward  through  the  thin  posterior  part  of  the  capsule,  and  under 
the  gluteal  muscles,  to  a  point  beneath  the  greater  trochanter ;  they  may  make  their 
exit  through  the  cotyloid  notch  and  point  in  Scarpa*s  triangle  ;  they  frequently 
pass  out  anteriorly,  and  are  found  beneath  the  tensor  vaginse  femoris  at  the  outer 
aspect  of  the  thigh  ;  they  may  perforate  the  acetabulum  and  point  within  the 
pelvis.  A  finger  in  the  rectum  may  then  detect  fluctuation  through  the  structures 
that  separate  the  abscess  from  the  rectal  wall, — viz. ,  the  anal  fascia,  the  levatorani,  the 
obturator  fascia  and  obturator  internus,  and  the  periosteum  of  the  inner  surface  of 
the  innominate  lx)ne.  After  perforation  of  the  acetabulum,  an  abscess  may  extend 
upward  and  point  above  Poupart's  ligament  on  the  inner  side  of  the  vessels. 

Excision  of  the  hip  may  be  done  either  by  means  of  an  anterior  incision 
passing  between  the  tensor  vagina;  and  sartorius  muscles  superficially  and  the 
glutei  and  rectus  more  deeply,  or  by  a  posterior  incision  in  the  line  of  the  limb 
and  just  back  of  the  greater  trochanter,  the  muscles  attached  to  which  being  divided 
as  close  to  the  bone  as  possible. 

THE   FRAMEWORK   OF  THE   LEG. 

• 

This  is  formed  by  the  tibia  and  X\\q  Jibuia  and  the  intcro^seous  tnembrane  (Fig. 
411).  The  bones  are  so  closely  united  as  to  constitute  one  apparatus,  but  as  they 
are  separable  it  is  necessary  to  describe  them  apart.  The  tibia,  very  much  the  larger, 
is  the  only  one  concerned  in  forming  the  knee-joint,  and  bears  almost  the  whole 
weight.  It  forms  the  upjper  and  inner  side  of  the  mortise  kno\vn  as  the  ankle-joint. 
The  fibula,  placed  externally  and  posteriorly,  is  a  slender  bone.  The  upper  end  has 
a  truc  joint  with  the  tibia,  the  lower  is  more  closely  fastened  to  it.  The  interosseous 
membrane  is  at  the  bottom  of  a  hollow  between  the  bones.  The  arrangement  favors 
lightness,  as  it  gives  increased  size  for  the  origin  of  muscles.  The  joints  of  the 
fibula,  as  well  as  its  elasticily,  serve  to  break  shocks. 

THE  TIBIA. 

The  tibia  consists  of  a  shaft,  an  upper  and  a  lower  extremity. 

The  upper  extrcniity,  or  head,  composed  of  an  outer  and  an  inner  (uberosify^ 
is  very  large,  expanding  laterallv  from  the  shaft.  The  outline  of  the  upper  surface 
is  transverselv  oval,  the  inner  end  being  thc  broader.  It  is  chieflv  occupied  by  two 
articular  surfaces  for  the  condvles  of  the  femur,  separated  at  the  middle  by  a  promi- 
nence,  the  spine ^^  with  a  triangular  non-articular  surface  before  and  behind  it  The 
former  of  these  is  rough,  the  latter  smooth  and  grooved.  The  spine  itself  is  com- 
posed of  two  lateral  parts  connecte<l  behind,  of  which  the  inner  is  the  longer  from 
before  backvvard,  rising  from  the  condvlar  surfaces.  The  crucial  Itgaments  of  the 
knee-joint  are  attached  to  the  non-articular  surfaces  before  and  behind  it.  The 
inner  condvlar  facet  is  concave  ;  it  has  an  oval  outline  and  is  longer  from  before 
back\vard  than  trans\ersely.  It  rises  as  a  ridge  on  the  side  of  the  spine.  The  outer 
facet  is  more  nearly  circular,  being  shorter  than  the  inner.  It  is  slightly  depressed 
in  the  mi<ldle.  The  posterior  half  is  usuallv  a  little  convex  from  l>efore  backward, 
and  is  often  prolongt»d  onto  the  posterior  surface  of  the  bone.  The  convexity  is 
much  greater  when  the  semilunar  cartilage  is  intact.  The  front  half  may  be  plsme, 
ronvex.  or  concave  in  the  same  direction.  This  facet  rises  to  a  point  on  the  outer 
side  of  the  spine.  The  tuberosities  *  overhang  the  back  of  the  tibia.  They  are 
si'|)iirated  lx*hind  by  the  popliteal  notch^  continuous  with  the  groove  from  the  top. 
rndrr  llu*  hick  of  thr  outrr  tul>erositv  is  a  small  articular  facet  for  the  head  of  thc 
hf>ula,  looking  downward  and  a  little  backward  and  out\vard.  Its  outline  is  uncer* 
lain.  being  either  round  or  quadrilateral.     It  niav  be  curved  in  any  direction,  and 
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its  inclination  varies  miich.  In  some  cases  it  nearly  or  quite  reaches  the  superior 
articular  surface.  Laterally,  this  tuberosity  is  rough  for  the  ligaments  of  the  knee- 
jomt.  The  same  may  be  said  of  the  side  of  the  inner  tuberosity,  which  towards  the 
baok  has  a  broad  horizontal  groove  running  along  it  for  the  tendon  of  the  semi- 
membranosus.  The  tubercle^  of  the  tibia  is  a  triangular  prominence  on  the  front  of 
the  upper  end.  Its  lower  part  is  rough  for  the  tendon  of  the  extensor  quadriceps, 
and  its  upper  smooth  for  a  bursa  between  this  tendon  and  the  bone.  The  top  of 
the  tubercle  is  about  an  inch  belovv  the  top  of  the  bone  ;  it  is  lost  belo\v  in  the  ridge 
of  tlie  front  of  the  shaft. 

The  shaft  *  has  three  borders  and  three  surfaces.     The  anterior  border,  the  crest^ 

beg^ns  at  the  outer  side  of  the  tubercle,  cur\'es  as  it  descends,  at  first  a  little  inward, 

then  a  litde  the  other  way  through  the  middle  of  the  shaft,  where  it  is  very  sharp, 

and,    finally,  at  the  lower  third,  becoming  much  less  prominent,  it  svveeps  to  the 

front  of  the  inner  malleolus,     The  inner  border,  the  least  marked  of  the  three,  begins 

under  the  inner  tuberosity  near  the  back  and  goes  to  the  back  of  the  vincr  malleolus. 

It  is  most  disdnct  in  the  middle.   The  outer  border,  or  interosseous  ridfre,*'  begins  beiow 

the  £acet  for  the  head  of  the  fibula,  runs  downward  and  somewhat  backward  past  the 

midclle  of  the  shaft,  and  then,  inclining  fon^ard,  divides  some  t\vo  or  three  inches 

above  the  lower  end  into  two  lines  enclosing  a  space  on  the  outer  side  of  the  lower 

^cl,  to  which  the  fibula  is  bound  by  ligaments.     The  anterior  of  these  divisions  is 

tne   more  evident  continuation  of  the  ridge.     The  internat  surface  is  subcutaneous  : 

i^^nerally  convex  above  and  concave  belovv  ;  the  outer ^  bounded  behind  by  the  in- 

^^osseous  ridge,  is  at  first  external,  but  in  the  lower  third  twists  to  the  front.     The 

P^sžerior^  in  its  upper  and  lower  parts,  faces  also  somewhat  outward.      It  is  crossed 

*u  ^^^  upper  third  by  the  obiigue  line,^  vvhich,  running  downward  and  inward  from 

^«e  back  of  the  fibular  facet  to  the  inner  border,  marks  oflf  a  triangular  space  above 

*^  ^^hich  is  occupied  by  the  popliteus  muscle.     A  vertical  line,  generally  very  faint, 

p^^^ning  down  for  some  distance  from  the  oblique  line  partially  divides  this  sur- 

v.^^  into  an  inner  broader  and  an  outer  narrower  part :  the  former  for  the  flexor  of 

r*^^    toes,  the  latter  for  the  tibialis  posticus.      The  fiutrient  /orameri,  the  largest 

^^  the  body,  is  on  this  surface  at  the  junction  of  the  first  and  second  thirds  external 

^  the  oblique  line ;  it  runs  dovvn  into  the  bone.     The  shaft  is  triangular  on  section  in 

^*^^  tipper  and  middle  thirds,  being  narrovver  and  sharper  in  front  in  the  middle  one. 

'^  the  lower  third  the  section  becomes  quadrilateral  as  the  shaft  broadens  and  the 

Anterior  border  sinks  and  turns  inward. 

The  lower  extremity  is  thickest  transverselv.     The  internat  malleolus^  is  a 

tfiiQj^  projection  downward  and  invvard  from  the  vvhole  of  the  inner  side,  to  form 

^He  boundary  of  the  ankle.      Its  lower  end  is  thick^  reaching  farthest  down  in  front, 

^'^th  a  depression  at  the  back  for  the  lateral  ligament  of  the  ankle.     The  surface 

^'^oking  towards  the  joint  is  articular  ;  it  slants  a  little  away  from  the  median  line  of 

^«e  bone.     The  outer  side  of  the  lo\ver  end  of  the  shaft  is  slightly  concave,  with  a 

^^bercle  both  before  and  behind.     The  articular  cartilage  of  the  lower  end  is  pro- 

Jpiigred  some  two  or  three  millimetres  onto  this  outer  side.    Both  in  front  and  behind, 

■^Ut  cspecially  in  front,  the  bone  presents  a  swelling,  separated  by  a  depression  from 

^«  lower  border,  above  which  the  capsule  is  inserted.     On  the  posterior  surface  a 

^'"oad  groove  for  the  tendons  of  the  tibialis  posticus  and  the  flexor  longus  digitorum 

r^ns  obliquely  downward  and  inward  onto  and  along  the  hind  border  of  the  mal- 

*^^lus.     A  faint  groove  for  the  flexor  longus  hallucis  is  sometimes  seen   near  the 

?Uter  end  of  the  posterior  surface.     The  lovver  side  forms  the  top  of  the  ankle- 

J^mt  and  is  wholly  articular.    It  is  broader  before  than  behind,  as  the  sides  converge 

^ovrards  the  back.     It  is  concave  from  before  backward.     There  is  a  slight  antero- 

P^^terior  elevation  in  the  middle,  fitting  into  a  depression  on  the  top  of  the  as- 

^^^galus. 

Variations. — The  transverse  axes  of  the  knee-  and  ankle-joints  are  rarely 
P^rallel.  The  shaft  of  the  tibia  is  so  twisted  as  to  make  the  foot  point  outward. 
•'^c  angle  between  the  two  axes  varies  from  o  to  48®,  but  is  usuallv  betvveen  5®  and 
*^*.  The  backward  inclination  of  the  top  of  the  tibia  varies  considerablv.  When 
^^Cessive,  it  seems  to  imply  an  aptitude  for  the  squatting  position,  as  among  the 
^^^ves  of  India,  but  no  inabilitv  to  assume  the  upright  position.     A  continuation 
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of  the  lowcr  articular  cartilatfi:  onto  the  fronl  of  tlie  tibia,  alIowing  extremc  dorsal 
flexion  oi  the  anklc,  is  ofti:ii  a^isuciatcd  niih  this.     Thv  thickness  of  the  tibia  a 


Uppcr  «nd  of  riKht  tjLjj^k  from  abovv  aiu 

verv  variable.     The  very  thiii,  piatycnemu,  form  is  r 
and  is  Iherefore  associatcd  wilh  tht  pilastered  femur. 


t  common  m  sivage  races, 
;  is  found  not  rarely  among 


JI^»r  .ncl .. 


whiti-s.  biii  rhe  shapc  of  the  accompanvinp  femur  is  -mccrtain.     1W  libial  index 
'  am»i)'i-»i'er.o(  Aa«K\a '  '''  ''"^  ''^*'*'  *''  '^*'  transverse  to  the  antero-posterior  diameter. 
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According  to  French  statiscics,  this  in  vchites  is  from  70  to  80  ;  in  savage  races  it  is 
inuch  lower.  The  method  of  reckoning  it  at  the  kvel  of  the  nutrienl  ioramen  is 
likely  to  be  superseded  by  one  clioosing  the  middle  of  the  bone. 

Structure. — The  shait  has  strong  walls  in  the  middle,  being  especiallj-  thick 
under  the  crest.  At  bolh  ends  the  ivalls  becomc  thin.  The  head  contains  a  large 
amountolcancellated  tissue  wilh  coinparatively  thin  walls.  Thearchitectural  arrauge- 
ment  of  the  IrabeculK  at  the  ends  is  very  clear.  A  frontal  section  of  the  upper  end 
shou'S  successive  vertical  plates  springing  from  the  sidea  to  support  the  expanding 
(uberosities,  »ith  an  irregular  system  in  the  middle.  Sagittal  seclions  shoiv  plates 
from  the  waHs  meeting  each  other  in  arches.  A  soinewhat  similar  pattern  is  seen 
at  the  lower  end.  In  a  frontal  section  there  are  several  transverse  plates,  of  which 
the  strongest  inarks  the  border  of  the  epiphysis.  Several  of  tbese  from  the  outer 
side  turn  down  to  join  the  lower  surface  at  the  origin  of  the  malleolus,  where  there 
is  a  distinct  thickening  o(  the  crust.  There  is  somelimes  an  imperfect  bony  canal 
for  the  nutrient  artery  for  a  short  distance  after  its  cntrance  into  the  cancellated 
tissue. 

Development. — There  are  only  three  centres  of  ossification  :  one  for  the 
?"a.ft;,  appearing  in  the  se\-enlh  or  eighth  foetal  week  ;  one  for  the  upper  end,  appear- 
'"S  xisually  in  the  last  month  of  fcetal  life  ;  and  one  in  the  lower,  appearing  in  the 
*^*=c>nd  half-year,'     These  epiphys(;s  correspond  to  what  has  been  described  as  the 


__0»sificatk..  _.  ..  . 
I^*^  ;  E.  >l  »bout  fifu 
'■  lor  low«  epiphyii 


c|>ipliy&i£  of  l^biiia ; 


*»ids  of  the  bone.  The  upper  exiends  farthest  down  on  the  front,  including  the 
*uberde,  which  may  have  a  separatc  nudeiis.  According  to  Rambaud  and  Renault, 
this  is  of  usual  occurrence,  appearing  at  from  eight  to  fourteen  years  and  quickly 
J**>ning  the  epiphysis.  The  lower  end  joins  the  shait  at  about  eighteen  and  the 
^'Pper  at  nineteen  or  twenty. 

PRACTICAL   CONSIDERATIONS. 

The  upper  epiphvsis  of  the  tibia  is  scparated  only  by  traumatism  of  marked 
®^^'erity  because  of  :  (i)  its  great  width  ;  (2)  its  irregularlv  cnpped  surface  ;  (,i) 
Jhe  downward  projection  in  which  the  tibial  tubcrcle  is  dcveloped,  or  to  « hich  the 

*Jter  becomes  iinited  when  it  arises  from  a  separatc  centre  ;  (4)  the  protection 
^norded  it  (a)  on  the  outer  side  by  the  head  of   the  fibula  fwhich  is  connected 

*Xclu5ively  with  this  epiphysis),  the  anterior  and  posterinr  upper  tibio-fibular  liga-  . 

JV^nts,  and  indirecdv  by  the  external  lateral  IJgameht  :  (i>\   on  the  inner  side  by 


*  intemal  lateral  hgament,  and  (e)  on  both  sid« 
'  Fagerlund  :  loc. 


i  l)y  the  fibres  of  insertion  of  the 
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Fig.  405, 


vasti  and  setnimcmhranosiis  aml  of  iht-ir  fasciul  expaii»iuns  ;  (5)  the  toughnesa  o[ 
thf  periosuum  unttiiif;  il  with  thc  diaph/sii  ;  and  (6)  the  laa  ihat  »liile  there  is 
no  pi>ssibility  of  its  displaceinent  by  nitiscular  actioii,  it  doui  not  projcct  eni)ug;h 
ti>  bc  f-tposcd  to  thf  tflects  of  dircct  viok-iici;.  The  possibilily  of  disjunction  of 
tliis  epiphysis  complicating  au  iiiiury  to  tht-  kiiee  cunlinues  up  to  llic  lwenlicth 
year  at  k-ast  ;  in  iiiiurit.-s  to  thc  elbow  epiphyst:ul  si:[);iration  may  bt  cKcliided 
atter  the  cifthtecnth  year. 

Three-fourths  of  the  recorded  cases  huve  occurrt-d  in  males,  as  might  be 
espected  on  acciunt  ol  their  more  frequent  cxposuru  to  serioua  injiiry,  The 
epiphvsis  has  been  displaced  forwar(l,  and  oulward  antl  forward,  Il  has  never  been 
dtsplaced  backward.  partiv,  at  k-ast,  on  account  of  the  tongue-like  process  con- 
nccting  it  with  the  tibial  tul>erclc.  Its  inward  displaccnicnt  would  nccesišitatc  the 
separation  of  the  head  of  the  fibula  or  thc  laccration  of  the 
superior  tibio-fibiilar  li^ainents.  The  attachment  of  the  syno- 
\ial  membrane  of  the  knue-joint  does  not  desccnd  to  the  Icvel 
"f  this  epiphysis  ;  hencc  that  artlciilation  is  oftcn  not  invoivcd 
in  these  injuries.  Thcy  shoiild  not,  when  severe,  be  mistaken 
for  dislocaiion,  or,  when  alipht,  for  sprains  of  the  knce.  They 
may  be  distinguished  from  the  fnrmer  by  the  age  of  the  patient 
and  the  unimpaircd  mobilitv  of  the  knee,  and  from  the  latter 
by  the  situatiiin  o(  thc  [Miin  or  ttnderness.  Dislocation  of  the 
knee  is  vcry  rarc  in  chiklren. 

Good  unioii  luis  taken  }>1ace  in  some  cases  ;  arrest  of  growth 
has  follon-ed  in  others,  as  niight  be  cxpcctcd  from  ihe  fact  that 
the  chief  increase  in  Icngth  of  the  tibia  takes  plače  from  this 
epiphvsis. 

The  tubercle  of  the  tibia  has  l)een  dctached  in  ten  recorded 
instances,  ali  majes  :  nine  from  violent  action  of  the  quadnceps 
in  powerfiil  young  men,  eight  of  whom  »erc  between  sixteen 
and  cighteen  )'ears  of  agc,  the  age  of  the  romaining  two  nut 
having  l>een  mcntioncd  (Poland). 

This  separation  should  be  carefully  distinguished  from  frac- 
ture  of  thc  patclia.  In  disjunction  the  latter  bone  is  drawn 
upward,  the  patient  is  imable  to  cxtend  the  leg,  and  the  swelU 
ing  following  laccration  nf  the  subHgamentous  tjursa  may  «mu- 
late  swelhng  o(  the  knee-joint.  l"he  latter  may  f>e  involved 
directlv — ;is  the  synovial  membrane  is  in  close  proximity  to  the 
tubercle — or  indircctly,  thniugh  ihe  occasional,  though  rare, 
communicttion  with  the  subligamentous  bnrsa.  Fracture  of  the 
patella,  however,  does  not  occur  in  children  and  is  vcry  rare 
in  adolescence.  !n  patella  Iradure  the  fragmentsof  bone  are 
broiight  togcthcr,  so  that  crepitus  mav  be  felt  only  by  pushinf; 
the  two  fragincnts  towards  cach  other;  the  groove  ljetween 
them  can  almost  always  Ik-  recognized.  In  disjunction  of  the 
noitibia.  tubercle  crepitus  can  Ik;  elicited  onlv  by  pulling  the  fragment 
dounuard  ;  thc  otitline  of  thc  patella  is  normal.  and  can  nsi»lly 
be  made  out.  The  X-ravs  wotild  l>e  concltisivc.  Bonv  iminn  should  be  expected. 
The  shaft  of  the  tibia  grailiiallv  dccrcases  in  sizc  to  about  the  junction  of  the 
middic  and  lowcr  thirds.  aml  thcn  expands  again  tti  (he  ankle.  Al  its  smallest 
piiint — on  an  avcrage  alxiiit  ten  centimctres  finnr  inches)  alKive  its  lowcr  end — it 
liits  to  bear  a  greatcr  weight  on  a  siiialler  arca  than  anv  olhcr  fx>ne  f  Humphrj-).  Al 
(his  Icvel  niect  the  two  i  m  1  epe  n  de  nt  vcrtical  rohimns  into  which,  according  to 
Favcl  and  Duret,  the  spongv  tis^ue  of  thc  tibia  is  dividcd  fi>nc  occupving  the 
Hj)pcr  two-thirds,  thc  other  ihr  lovier  third  of  the  txinel,  aiul  hencc  these  authorities 
as.sirt  that  this  sjHit  reprcs<-nts  thc  minimum  o(  resistance  (Trevesl.  In  some 
tibiic  it  is  at  or  near  the  junctinn  ol  an  ill-dctincd  tong  upper  curve,  in  which  thc 
crest  terminates.  and  a  short  lowcr  curve.  On  transvcrsc  scction  the  tibia  is  scen 
to  be  cylinilrital  in  its  lottcr  third  and  ihrec-sidcd  above  As  it  has  been  demon* 
stratcd  that   if  two   homngenciius  solids    prcsent  on   seclion  equal  areas,   the  one 
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«riangular  and  the  other  circular,  tlic  former  has  the  greater  power  of  resistance 
4Tillaux),  the  shape  of  the  tibia  in  this  region  is  thought  to  be  an  addilional  source 
^oi  wealcnKS. 

For  ali  these  reasons  it  is  the  most  frequent  seat  of  fracture  from  indirect  vio- 
^ence.  As  in  such  cases  the  breaking  strain  is  U!iually  continued  for  a  moment 
.^^fter  the  tibia  gives  way,  the  weak  fibula  is  apt  to  be  broken  also.  The  hne  of 
fracture  uaually  runs  from  its  level  011  the  crest  upward  and  backvvard,  and  under 
■K::he  action  of  the  calf  muscles  and  the  weight  of  the  body  the  sharp  Iower  end  of 
^he  upper  fragment  frequently  protrudes.  making  the  fracture  compound. 

Fracture  at  about  the  same  level  from  direct  violence  is  also  \'ery  commoii  on 
.^^ccount  of  the  exposed  position  of  tlie  bone.  and  aH  fractures  are  apt  to  be  com- 
^70und  as  a  result  of  the  large  proportionate  area  of  the  l>one  which  is  subcutancous. 

Fracture  of  the  shaft  at  the  upper  end  involving  the  knee-jotnt  is  rare.  and  is 
«jsually  from  either  direct  violence  or  a  fall  from  a  considerable  height, — "  com- 
pression  fracture."    Fracture  of  the  lower  end  of  the  shaft  involving 
clie  ankle-joint  is  a  not  infreqiient  complication  of  Poti' s  fracture.  Fig.  406. 

Separation  of  the  lower  epiphysis  is  neariv  three  times  as  fre- 

3u^nt  as  that  of  the  upper.  It  is  caused  usually  by  a  considerable 
egfree  of  violence,  and  in  tiftv  per  cent.  of  rccordcd  cases  has  heen 
associated  with  fracture  of  the  lower  end  of  ihe  fibula  or  separation 
of  the  fibular  epiphysis,  in  which  čase  the  displacement  is  often 
out^nrard  ;  U5ually  it  is  backward. 

It  may  be  mistaken  for  dislocation  of  the  ankle.  In  patients 
fro«-»n  eleven  to  seventeen  years  of  age  disjunclion  of  ihe  epiph- 
ysi^  is  more  frequent  than  dislocation  ;  as  the  malleolus  and  the  foot 
go  l)ackward  with  the  epiphvsis,  the  inner  malleolus  preserves  its 
M»~»Tial  relation  to  the  foot,  but  not  to  the  leg  or  outer  ankle.  In 
<ii*l<Dcation  the  reverse  is  the  čase. 

The  ankle-joint  usuallv  escapes,  as  both  anteriorlv  and  pos- 
ttriorljr  the  synoviaI  membrane  is  below  the  epiphyseal  line.  The 
5yr««Dvial  pouch  of  the  Iower  tibio-fibnlar  joinl  that  extends  upward 
het^JVeen  these  two  bones  is  in  close  relation  to  that  line.  but  is  sepa- 
™t«xi  by  the  periosteum  which  is  continuous  over  the  epiphysis,  and 
•l*^*«  also  escapes  injury. 

Arrest  of  growth  is  not  common.  but  has  occurred,  and  severe 
"i^le  sprains  in  the  young  should  be  treated  with  especial  čare  on 
■ccciunt  of  the  possibilit)'  of  in\olvement  of  the  epiphyseal  joint  and 
W««-  disease  or  deformity. 

DUease  of  the  tibia,  if  infectious.  is  most  common  in  the  nelgh- 
'''»rhood  of  its  two  epiphyses  and  at  the  jnnction  of  the  middle  and 
'over  ihirds.      The  region  is  a  favorable  one  for   "  juxta-epiphyseal 
spi^ain,"  in  which  the  violence  is  espended  on  the  spongy  tissiie  of 
the  diaphysis  near  the  epiphvseal  hne.      "  Many  of  the  pains  called     "tibtBtiidfibuU." 
"?»"owing  pains'  are  due  to  juxta-epiph)-seal  sprain  or  injiiry.     Such 
'  sprain  is  often  nothing  but  the  first  degree  of  an  epiphvseal  separation.  in  the 
sarnc  way  that  an  articular  sprain  is  nothing  but  the  first  degree  of  dislocation" 
(Poland). 

The  usual  causes — strain.  traumatism,  cold,  etc. — influence  the  localization  of 
f^l^^Tculous  disease  in  or  near  the  epiphvses.  If  recognized  eariv,  and  if  the 
jnfec-ted  focus  is  removed  by  operation,  the  knee-  and  ankle- joints  will  usuallv  escape. 
'".  *  ine  later  stages  the  products  of  liquefaction  may  find  their  \vay  from  the  upper 
^I^liyseal  line  to  the  knec-joint,  either  directly  through  the  intervening  half-incli  of 
~  r  by  way  of  the  tibio-fibular  joint, — which  is  in  close  relation  to  the  epiphysis 

which  alnavs  communicates  with 
giiin  the  surface  of  the  tibia  and 
-  »id  upward  bencath  the  periosteum. 

If  the  lower  e]>iphysis  is  involved  a  similar  direct  or  indirect  infection  of  the 


'■^■1^.  425), — and  then  to  the  subpopliteus  bursa, 
^*       Icnee-joint  and  often  with  bnth  :  or  thev  mai 


^^1< 


mv^lved. 


-joint    may   < 


the   tibio-fibular  synovial   pouch    being   sometimes  firet 


390  HUMAN   ANATOMV. 

Post-tvphoidal  periostitis  and  ostcilis  of  the  tibia  are  exceedingly  common,  and 
affect  particularlv  the  subcutaneous  arca  of  thc  bone  near  the  lower  third,  where 
there  are  no  inuscular  attachments.  They  are  probably  due,  therefore,  to  slight 
traumatisms.  This  same  area  is  peculiarly  subject  not  only  to  this  form  of  infection 
anci,  as  hiis  been  said,  to  fracture,  but  also  to  tuberculosis  (when  the  epiphyses  are 
spare(i),  to  syphilitic  nodes  and  gummata,  to  softeninfj  and  deforniity  from  rickets, 
and  to  sepsis  spreadinj^^  invvard  from  cutaneoiis  inrtammations  and  ulcers.  It  is 
probablv  so  vuhierable  by  reason  of  its  exposure  to  frequent  slijjht  injurv  and  to 
strain  disproportionate  to  its  size  and  strenj^th  izvide  supra),  and  l>ecause  of  its 
dependent  position  and  its  distance  from  the  main  soiiree  of  the  blood-supply  of  the 
bone  ( the  nutrient  arterv  enterinj^;  it  at  its  upper  third  j,  both  of  which  circumstances 
favor  passive  hyperiemia  and  the  locahzation  of  infection. 

Sarcoma,  in  accordance  with  the  general  riile  alreadv  mentioned  ( page  366), 
aflfects  chiertv  the  upper  third  of  the  tibia. 

Landmarks.  — On  the  inner  side  of  the  knee  the  internal  tuberosity  of  the 
tibia  is  in  close  relation  in  extension  \vith  the  internal  condvle  of  the  femur,  the  two 
making  a  uniform  rounded  prominence.  The  interval  between  them  can  be  felt 
but  not  seen.  If  the  leg  is  flexed  and  the  ankle  rested  upon  the  opposite  knee,  the 
tibial  tuberositv  becomes  visible  and  lies  in  advance  of  the  inner  condvle.  The 
prominence  of  the  outer  tuberosity  is  distinctlv  to  be  seen  and  felt  on  the  antero- 
external  aspect  of  the  limb  about  2.5  centimetres  (one  inch  )  below  the  joint-line. 
It  represents  the  lo\vest  level  of  the  svnovial  membrane.  Into  it  is  inserted,  alx>ut 
half-\vay  bet\veen  the  tip  of  the  patella  and  the  head  of  the  hbula,  the  important 
ilio-tibial  band  of  fascia  to  uhich  illusion  has  been  made  in  reference  to  fracture  of 
the  neck  of  the  femur  and  dislocation  of  the  hip  (  page  377). 

The  posterior  edge  of  the  head  of  the  tibia  is  not  accessible  to  direct  examina- 
tion,  antl  this  is  true  of  the  external  and  posterior  surfaces  ihroughout. 

The  internal  border  can  be  trared  from  the  tul)erosity  to  the  mallcolus.  The 
antero-internal  surface,  \vhich  is  subcutaneous  throughout,  can  be  seen  and  felt. 
The  anterior  border  or  crest  constitutes  the  prominence  of  the  *'shin.*'  It  is 
sharp  in  the  upjMT  t\vo-thirds  and  fadcs  into  the  shaft  at  the  summit  of  the  louer 
third.  In  \vell-marked  tibiie  it  prescnts  a  distinct  donble  curve.  the  upper  part  of 
which  has  its  concavitv  out\vard.  The  tubercle  is  easilv  felt  and  seen.  It  should 
be  in  line  \vith  the  ligamentum  patelhe  and  a  |)oint  on  the  front  of  the  ankle  mid- 
wav  between  the  malleoli.      It  is  abont  on  a  level  \vith  the  head  of  the  fibula. 

The  inner  malleolus  is  t\velve  millimetres  ( half  an  inch )  above  and  in  front  of 
the  outer  malleolus.  but  on  the  same  plane  posteriorlv.  Its  lo\ver  l)order  is  rounded. 
The  notch  for  the  internal  lateral  ligam- nt  can  be  felt.  Its  li|)  is  luelve  millimetres 
l>elo\v  the  joint-line.  Its  sharp  posterior  border  forms  the  inner  boundarv  of  the 
groove  for  the  tibialis  posticus  tendon. 

TIIK    KlBrLA. 

The  fibula  is  a  long,  slendcr  bone  with  a  knob-like  upi)er  end  and  a  {X)inted 
lovver  <»ne. 

The  upper  extremity,  called  the  ht\id,^  has  a  rounded  or  vagiielv  quadri- 
lateral  articular  surface  above,  looking  upuard.  a  little  inuard  and  foruard,  to 
nunt  the  corresponding  one  <mi  the  tibia.  The  stvloid  proccss,'  a  short  prominence, 
juts  up\varil  from  its  (»uter  posterior  angle.  The  outer  i)art  of  the  head  is  rough. 
An  ill-marked  ticck  belo\v  it  is  indistinguishabh*  from  the  shaft. 

The  shaft  ■  is  In-st  described  as  having  four  borders,  separating  four  sidc*s,  thoiigh 
one  of  the  borders  joins  another  near  tht-  louer  end.  The  borders,  proceeding  in 
regular  order  round  the  bonr  fr<»m  the  front,  are  i\  >  the  antero-external,  (2)  the 
postrro-<-xternal,  (  3  1  the  p<istrro-internal,  sometimes  called  \\\ii  obliquc  rid^t\  and  (4) 
the  antero-internal  or  intrrosseons.  '\\\k'.  autero-r.vtrrnal  border  begins  faintlv  on  the 
front  of  the  shaft  a  little  Ik'1o\v  the  neck.  an<l  becomes  verv  prominent  as  it  descends, 
tuisting  >lightly  outvvard.  In  the  last  cpiarler  it  splits  into  t\vo  lines  which  run  to 
the  front  and  back  of  the  outer  malleolus,  enclosing  a  triangular  sul)cutaneous  S()ace. 
The  postrro-e.vtrrmil  bordrr  In^gins  on  the  outer  side  of  the  neck  below  the  stvloid 

'  CapItalBoi  febalac.     '  Kftx  capitall  fibalac.     **  Cor»a*  libalac. 
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of  muscles  and  fascia  ;  and  (c)  its  backward  curvature,  which  carries  it  to  a  plane 
posterior  to  that  of  the  tibia,  which  thus  protects  it  both  internally  and  anteriorly 
from  direct  violcncc. 

Fractures  about  the  middle  of  the  lower  third  of  the  shaft,  and  especially  those 
about  7.5  centimetres  (three  inches)  from  the  ankle,  are  so  commonly  produced  by 
leverajje  that,  whatever  their  exact  level,  most  of  them  may  be  grouped  as  instances 
of  Pott's  fracture,  although  an  efifort  has  been  made  to  draw  between  tbeni  distinc- 
tions  that  are  ordinarily  academic  rather  than  practical. 

These  fractures  usually  result  from  over-abduction  of  the  foot.  When  that 
occurs  sudclenly.  the  vveij^lu  of  the  body  being  upon  the  Hmb,  the  tension  tirst  comcs 
upon  the  deltoid  Hgament.  This  niav  stretch  slightly  or  some  of  its  fibres  may  be 
torn,  or  there  may  be  a  small  detachment  from  its  malleolar  origin.  As  a  rule,  such 
a  čase  ends  in  a  more  or  less  severe  sprain.  If  the  Hgament  ruptures,  or  the  tip  of 
the  malleolus  is  torn  ofif,  or  the  malleolus  itself  is  fractured,  the  abduction  of  the 
foot  continues,  and  the  astragalus  is  subhixated  and  carried  against  the  inner  surface 
of  the  external  malleohis.  The  fibula  is  tiius  converted  into  a  lever  of  the  first  order. 
The  force  is  applied  at  its  lo\ver  end  ;  the  fulcrum  consists  of  the  stout  tibio-fibular 
Hganients,  \vhich  are  often  stronger  than  the  bone  itself  and  which  are  rarely  com- 
pletelv  rupturcd,  though  often  stretched  and  lacerated  ;  the  \veight  or  resistance  is 
in  the  body  of  the  bone,  vvhich  is  prevented  from  moving  inward  by  the  articulation 
of  its  upper  end  \vith  the  tibia.  As  sof\ji,  therefore,  as  its  Hmit  of  elasticity  is  ex- 
ceeded,  it  breaks  at  a  weak  (if  not  its  \veakest)  point,  and  the  upper  end  of  the 
lever — i.e.,  of  the  lo\ver  fragment — is  forced  in  the  direction  opposite  to  that  of  the 
lovver  end, — /.r ,  the  malleolus  (  Fig.  410).  The  im|)act  of  the  astragalus  and  ihe 
puli  of  the  ligaments  may  cause,  in  addition  to  the  fracture  of  the  tip  of  the  malleolus, 
fracture  of  the  anterior  or  of  the  outer  articular  edge  of  the  tibia.  If  the  tibio- 
fibular  ligaments  rupture,  the  fibula  becomes  a  lever  of  the  second  order,  the 
fulcrum  shifting  to  its  upper  end.  The  dislocation  of  the  astragalus  outuard  will  be 
more  marked.  The  bone  may  break  at  any  point,  but  the  fracture  is  stili  likely  to 
be  within  the  limits  of  the  lo\ver  third. 

Rose  and  Carless  have  adopted  the  follovving  useful  classification  based  on  the 
injury  to  the  inner  side  of  the  foot  or  to  the  tibia  itself.  It  divides  these  fractures 
into  four  groups,  the  term  Pott's  fracture  being  correctlv  appHed,  according  to  these 
authors,  to  the  first  t\vo  onlv.  i.  The  internal  lateral  Hgament  is  torn  throughj 
the  intact  internal  malleolus  can  be  felt  projecting  beneath  the  skin  (Fig.  410.  -^ ). 
2.  The  malleolus  is  torn  oflf  and  a  distinct  sulcus  can  l>e  felt  between  it  and  the  louer 
end  of  the  tibial  shaft  (Fig.  410,  B).  t,.  The  interosseous  tibio-fibular  ligament  is 
ru|)tured  (or  the  tlake  of  lx)ne  at  the  tii)ial  attachment  is  torn  off)  ;  the  subluxation 
outuard  is  verv  marked  ;  either  the  inner  malleolus  or  the  deltoid  ligament  viclds, — 
'*  I)upuytren's  fracture"  (Fig.  410,  C).  4.  The  tibia  fractun^  transver5ely  just 
ab<»ve  the  base  of  the  malleolus  :  the  lo\ver  end  of  the  upper  fragment  may  be  mis- 
taken  for  the  tip  of  the  malleolus  (  Fig.  410,  />). 

The  less  frecpient  accident  of  forcible  ovcr-inversion  of  the  foot,  if  the  external 
lateral  ligament  hoKls.  produces  by  the  same  mechanism  a  similar  series  of  occur- 
rences.  The  tip  of  the  e\ternal  malleolus  is  dragged  viok'ntly  inward,  the  tihio- 
fil)ular  ligaments  act  again  as  a  fulcrum,  and  the  bone  is  apt  to  break  at  about  the 
same  level, — /.<'.,  from  5  to  7.5  centimetres  (t\vo  to  three  incht-s)  above  the  joint, — 
the  upper  end  of  the  lovver  fragment  lx?ing  carried  outuard  instead  of  in\vard.  In 
these  cases  there  is  a  subluxation  of  the  astragalus  invvard  which  not  infrequently 
resulls  in  a  fracture  of  the  inner  malleolus.  In  ali  these  forms  of  fracture  the  lacera- 
tion  <»f  ligamcntous  structures  loosening  the  connection  of  the  foot  to  the  leg,  ihe 
upuard  puli  of  the  calf  muscles,  and  the  \veight  of  the  foot  itself  combine  to  producc 
a  subIu.\ation  of  tht*  foot  backuard  \vhich  is  often  overlooked. 

The  Cardinal  svmploms  of  the  common  form  of  Pott's  fracture  are  eversion  of 
the*  foot,  prominencc  of  the  iimer  malleolus.  shortening  of  the  distance  from  the  front 
of  the  ankle  to  the  \veb  of  the  great  toe,  increased  uidth  betueen  the  malleoli,  and 
tenilernc^ss  over  (a  )  the  space  between  the  tibia  antl  the  extt'rnal  malleohis  anterioriv. 
— /.<'•.,  over  the  strained  or  torn  tibio-fibular  ligaments  ;  (l>)  over  the  base  or  tip  or 
anterior  border  of   the  internal    malleolus, — /.^.,   over  a  rupturcd  internal  lateral 
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Sarcoma  of  the  fibula  atUck»  the  upper  end  in  the  great  majoritv  o(  cases. 
Osteophytes  are  nut  infrgquent  upon  the  median  margiii  of  the  shaft  above  the  lower 
encJ. 

Landmarks. — In  extension  of  the  leg  the  position  of  the  head  of  the  fibula  is 
indicatcd  by  a  dupression  on  the  jKisterior  piirt  of  the  oulcr  surface  of  the  leg  a  little 
betoiv  the  level  of  the  tibial  tulKrcIc,  corfirspunding  to  the  inter\'al  between  the 
tendon  of  the  biceps  above  and  the  perontriis  longus  bel(>w.  The  head  is  subcu- 
lanenus  aiid  inay  be  distinaly  felt  tUere.  In  riesion  it  projects  above  the  siirround- 
ing  surfaces  and  inay  be  scen,  Tlie  iiisertinn  of  the  bicu|)s  inav  show  as  a  roiinded 
promiiience  at  the  base  of  the  styloid  proci-ss.  The  syno\ial  membrane  of  the  knee 
descends  to  a  point  just  above  the  upper  level  of  the  head.  Tlie  upper  half  of  the 
fibula  is  90  covcred  by  inuscies  that  its  outlinc  cannot  be  reeognized  distinctly  by 
palpation.  In  the  lower  half  it  inay  be  felt  througli  the  inuscies.  Its  lower  lifth  lies 
betttecn  the  tendons  of  the  peroiicus  tertius  and 
Fio-  4"-  those   of    the  peroneus  loiigus    and    pcroneus 

brcvis,  and  is  subcutaneous,  as  Js  the  mallet>lus. 
The  relation  of  the  plane  of  the  fhuft  to  that  of 
the  tibia  shoiild  l>e  remembcrcd,  as  should  the 
plane  of  the  e.\ternal  to  that  of  the  internal  nial- 
Icoius  (p;ige  390).  The  tip  of  the  external 
mallcolus  is  from  twclve  to  eighteen  millimetres 
(one-half  to  three-(|uarters  of  an  inch)  nearer  to 
the  hccl  than  that  uf  the  internal  malleolus.  The 
ivhole  malleolus,  viewe<l  from  uithout  inward, 
is  in  the  mid-line  ( antero- poste riorly )  of  the 
ankle-joint.  It  becomes  abnormally  prominent 
in  cases  ol  atrophv  of  the  peroneal  muscles, 
particularly  of  the  peroneus  longus. 

CONNECTIONS   OF   THE  TIBIA  AND 
FIBULA. 

These  are  the  superior  and  infcrior  jcunts 
and  the  interosseous  membrane. 

The  Superior  Tibio-Fibular  Artieu- 
lation'  (Fig.  411). — The  cartilage-covered  ar- 
ticular  surfaces  alrcady  described  vary  greatly 
both  in  direction  and  in  the  nature  of  their 
cnrves.  Perhaps  the  more  ordinary  arrange- 
mcnt  is  for  the  tibial  facet  to  be  concave  in  a 
horizontal  and  convex  in  a  vertical  plane  ;  but 
the  converse  may  occur.  and  there  are  many 
intermediale  lorms.  The  svnoi-ia/  sac  exten<b 
upward  behiml  and  mav  communicate  with  the 
knee-joint.  The  capsulf  is  verv  strong,  except 
below.  and  espedally  sn  at  the  outer  side  where 
the  long  e.vUmal  lalcral  ligamfnt  of  the  knee 
is  incorporated  with  it.  The  anlrrior  and  pot- 
terior  superior  libio-fibular  iigamaits '  are  strong^ 
fibrcH.  strcngthening  the  capsule  and  passing 
oiituard  and  slightly  tlownward  from  the  tibia 
tu  the  fibula. 

The  interosseus  membrane'  (Fig.  411) 
extends  from  the  head  lA  the  tibuta  doun  along 
Titiiu-Miiiiar  iiKimcnu  frmn  hciAK.  the  inten isseons  ridgcs  of  iKith  t>ones  till  ihese 

Split,      Its   ribres   run   in   the   main  downward 

and  outvard.  but  iu  the  upper  |xirt  manv  run  dnuuuard  aud  iiiuanl.      There  is  a 

Inrge  opi-niu^  al  the  top  alK>ve  tlie  membrane  i>r  thniii^h  it. 

The  Inferior  Tibio-Pibular  Articulation '  <  Fi)-.  411  >.  --This  julnt  is  cssen- 
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tially  ligamentous,  though  the  articular  cartilage  of  the  ankle-joint  e^tends  for  a  few 
[nillimetres  onto  the  opposed  sides  of  each  bone. 

The  infcrioT  ligaments  are  the  in/erosseous,  the  anlerior  ^^nd  poslerior,  and  the 
transverse.  The  interosseous  ligament  is  a  thickened  continuation  of  the  mem- 
brane, consisting  of  short  fibres  connecting  the  rough  surfaces  bounded  by  the  split- 
ting  of  the  interosseous  ridges. 

The  anterior  and  posterior  ligaments^  (Fig-  41'.  412)  are  strong  bands  situ- 
ated  respectively  on  the  front  and  the  back  of  the  tibia  and  running  downward  and 
outward  to  the  fibula.  The  anterior  deepens  the  socket  but  slightly,  while  the 
posterior,  reaching  nearly  half-way  down  to  the  malleolus,  makes  a  considerable 
addition  to  the  back  of  the  joint,      The  transverse  ligamenl  (Fig.  412)  containing 
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probably  elastic  fibres,  runs  obliqueiy  from  the  frack  01  the  lower  border  of  the 
dbia  to  the  ti|>  of  the  outer  malleolus.  It  projects  into  the  joint,  the  capsule  fonn- 
ing  a  pouch  between  it  and  tlie  posterior  tibio-fibular  ligament.  It  is  dosely  con- 
nected  at  the  fibula  with  the  posterior  fibulo-astragaloid  ligament.  The  two  have 
the  appearance  of  diverging  bundles  of  the  same  structure.  The  svnovial  cavily  is 
prolonged  some  three  millimetres  upward  between  the  boncs.  The  back  part  of  the 
crack  between  the  boncs  is  conccakd  by  a  pad  of  fat  (Fig.  412)  covered  by 
synovial  membrane  projccting  into  the  joint.  It  advances  or  recedes  between  the 
bones  according  to  changes  of  position. 

Movements. — The  motions  between  the  tibia  and  the  fibula  are  slight  and 
not  very  definite.  The  head  of  the  libula  mav  play  a  little  fonvard  and  l>ackward, 
and  the  bone  may  rotate  on  its  long  axis.  These  motions  are  resistcd  alternately 
by  the  anterior  and  posterior  ligaments  at  both  ends. 

THE  BONES  OF  THE  LEG  AS  ONE  APPARATUS. 
Surface  Anatom/. — The  upoer  part  of  this  support  consists  of  the  head  of 
the  tibia  with  that  of  the  fibula  well  back  on  the  outer  side.  The  IramcHork  nar- 
rDws  to  the  junction  of  the  middie  and  lower  thirds,  where  the  tibia  is  nearly  at  its 
smallest  and  secms  to  bend  towards  the  fibula,  Below  this  it  broadens  for  the 
socket  of  the  ankle.  The  fibula  in  the  lower  third  is  close  to  the  tibia  and  no  longer 
so  much  behind  it,  which  is  dne  in  part  to  the  subsidcnre  ol  the  crest  ol  the  tibia. 
The  difference  of  rdalions  is  shown  by  sections  at  three  levels  (Fig.  413).  The 
vhote  apparatus  is  descrihed  as  having  three  borders  and  three  surfaces.  As  the 
detaits  have  bccn  given  with  the  bones.  the  chief  featurcs  onlv  are  here  enumerated. 
The  anterior  border  is  the  crest  of  the  tibia  ;  the  posterior  and  internat  border  is  the 
posterior  border  ol  the  same  bone;  between  them  is  the  sulx:utaneous  internal  surlace. 
^vt  posterior  und  e.vtemal  border  is  the  postero-external  border  of  the  fibula.  Thus 
there  remain  an  antero-e.\t<jmai  and  a  posterior  surface   each  of  which  is  formed  in 
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jiiirt  1)V  tlic  iiucrosscoiis  mt-mbran«.-.  The  ant€ro-cxU-rnal  siojacc  prfSfiits  thc  fol- 
lowiiig  fcuturts  :  (  i  j  a  larg«  suriacc  ol  thc  libi^i,  louking  cmtvvarti  :is  far  as  thc 
luwer  tliird  aml  then  iorward  ;  (2)  the  intcrosseous  membrane  ;  {3)  a  narrow' sur- 
fiice  of  thc  fibula,  Iraundiii);  extcrnally  thi:  fossa  ot  the  front  of  tht-  It-g,  shaIlow 
al>ove,  dccp  and  iiarrow-  b(.-low  ;  (4 )  thc  ant<;ri>-cxtcTnal  bcirdcr  of  thc  libula.  split- 
ting  l«;low  tu  enclosc  thf  sul>cutan(.-ous  tiiirfacc  above  the  oulcr  mallcolus  ;  (  5J  the 
grooicd  surfate  of  the  lil>ula  occupicd  by  thc  |>cronci. 

Thc  /Mstcrior  surfate  prt-scnis.  coiitinuing  in  tho  same  courac  :  ( i )  thc  postenor 
Rurface  iif  the  tibiila.  looking  l}acltward  alx(ve,  inward  bolow  ;  (2)  the  jKistero-in- 
ternal  border,  ciidiiig  in  the  inttrosseous  ridgc  ;  in  the  upj>cr  two-thirds  this  over- 
hangs  a  dccp  h<)ilow  ;  I  3 )  the  interiiiil  snrfacc,  whicli  cnds  l>cl<iw  witii  thc  prcceding 
border;  (4'  '•"-"  intcrosscous  membrane;  (5)  thc  p.«tcrior  siirface  of  tlie  tibia. 
The  intcnisscoHs  membrane  i^  at  the  Imttom  of  a  niuch  dce[>er  guttcr  than  in  front, 
which  aiso  l>ecomcs  v(;ry  narri)\v  below. 

The  cuitward  tvvist  i)f  the  ankle  has  been  mentioncd.  and  it  has  becn  shown  that 
this  depcnds  on  the  tw'ist  of  the  tibia.  It  is  to  be  noticed  ihat  while  tlic  antero- 
cslernal,  thc  postcro-external,  and  the  poste  ro- in  te  m  al  bordcrs  of  the  fibula  ran  as  if 
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thc  louer  end  of  that  bone  had  bcen  twisted  outward.  the  same  is  not  true  of  (he 
bordcrs  and  surfaces  of  thc  tibia.  On  thc  coiitrarv,  thc  orcst,  uith  thc  snrface  on 
each  side  of  it,  slants  in  the  lowcr  half  of  thc  leg  <lou'nward  and  inward.  It  is  as 
ii  thcse  borders  of  bolh  bones  had  l>ecn  twisted  away  from  the  median  line  of  the 
leg,  one  to  each  si<le,  and  that  tlic  interosscinis  ridge  had  staved  straight.  Tbere 
seems  to  l>e  no  relation  l>etwceii  the  degrec  of  forward  Ijcnd  of  thc  neck  of  the 
femiir  and  the  oiitward  twist  of  the  snckel  of  the  ankle.  Probablv  both  have  an 
inrtucnce  on  the  direction  of  thc  fiiot.  Imt  it  dt-pcnds  chicHv  on  the  latter.  It  is  un- 
»arrantcd,  thereforc.  10  cxpc<t  ali  childrcn  m  turn  out  ihc  tocs  alike.  The  w-hole 
of  the  front  and  sides  of  the  hcad  of  the  tibia  is  casilv  felt.  but  it  is  thiokiv  covered 
behind.  Thc  top  of  thc  tubcnisities  is  clcar  on  either  side.  aml  in  front  thc  whole 
of  ihe  tiil«Tiic  can  bc  e.tjilored  when  the  lendc.ii  is  rolaxc<l.  The  he-.id  of  the  fitiula 
is  dislinct  far  iKick  im  the  outer  side.  De^ionding  the  h-g,  it  is  easv  lo  follow  the 
sliarjt  crcst  of  ihe  tibia  into  thc  l<iwer  thir<l.  and  the  internal  Rubcutaneous  surface 
dowu  tu  the  mallcolus.  Thc  ctlcrnal  snrfarc.  uhcrc  it  betnmes  antcrior  al>ove  the 
ankle,  is  plain  in  spite  of  thc  icndons  erossing  it.  The  shaft  of  the  libula  is  so 
covered  with  musdcs  that  litlle  mi>rc  than  its  general  positinn  is  to  Ite  made  out 
al)"ive  the  triangiilar  siibcntaneons  surfate  o  ver  t  lic  on  ter  malleolns,  uhirh  latter  U 
aiso  casilv  c\plor<il.  Thc  rclatlons  of  the  mallcoli  are  considcrcd  with  the  foot 
(l)age44y). 

THF.   l'ATI-:i.l.A. 

The  knce-]>:tn.  thc  l.irgcst  sesamoid  bone,  i?,  triangnlar  or  ^hicld-shaped.     The 

anterior  surface   is  eovcrcd  by  thc  n-ndinous  librcs  r.f  i!u-  ipridricciis,  tvhich  rc- 

phicc  the  pcrioskum  and  inark  thc  siirf:n-f  with  Inngitiulinal  lines.      ]aggc<i  spines 

Inmi  Ihc  ossilicalion  of  ihc  tendon   are  nft.-n   fi.umi  al   thc  lop.      Thc  transverse 

'  In  Ihr  Iranstersc  MCliiins  1  Ki};.  41. 1 1  tlns  surfiice  is  <.':ici-|itionally  small. 
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diameter  is  usuall)'  rather  largcr  tlian  the  vertical,  especially  in  strong,  and  conse- 
quently  in  male,  bones. 

The  iasf'  is  above  with  a  slightly  curved  outline.  and  the  apex''  below,  usiia]ly 
somewhat  intemal  to  the  middie.     The  outer  lower  border  is  more  oblique  Ihan  the 
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inner.     The  posterior  surface  is  divided  into  an  upper  articular  part  and  a  much 
snnaller  non-articuUr  one  below,  in  which  the  bone  is  thinner  at  the  e.\pense  of  the 


posterior  surface  and  is  covcred  by  the  fibres  of  the  liganientnm   patelhe.     The 
"PP*r  part,  co\ered  w ith  articular  cartilage  and  formitig  a  part  o(  the  knee-joint,  is 


400  HUMAN   ANATOMV. 

much  broader  transversely  than  vertically.  The  outer  three-fifths  or  so,  which 
plays  on  the  external  conclyle,  is  concave  transvt;rsdy  and  the  inner  two-fifths  con- 
vex.  The  convexity  begins  with  a  vertical  prominence  which  marks  the  greatest 
thickness  of  the  bone  and  appears  to  divide  the  hind  surface  into  two  parts,  as  a 
horizontal  section  shows,  the  surface  receding  from  it  on  either  side.  Neverthe- 
less,  the  \vhole  inner  part  is  convex,  as  described.  \'ertically,  both  sides  are  slightly 
concave.  A  close  exaniination  of  a  fresh  specimen  shows,  what  rarely  is  to  be  seen 
on  the  dry  bone,  that  the  articular  surface  is  to  be  further  subdivided.  A  narrow 
vertical  facet  is  seen  along  the  inner  side,  constituting  a  surface  which  rests  on  the 
edge  of  the  inner  condyle  in  extreme  flexion.  The  rest  of  the  articular  surface  is 
divided  into  three  horizontal  zones,  one  alx)ve  another,  by  two  transverse  lines.  The 
top  of  the  bone  is  very  thick,  most  of  it  being  occupied  by  the  insertion  of  the 
rectus.  The  capsule  of  the  knee-joint  is  inserted  ali  around  the  articular  surface 
some  two  or  three  millimetres  from  its  edge,  so  that  a  little  of  the  torder  is  enclosed 
in  the  joint.     Several  nutrient  foramina  are  found  on  the  anterior  surface. 

Development. — The  patella  appears  as  a  cartilaginous  point  in  the  course  of 
the  third  fcetal  month.  Ossification  begins  by  the  deposit  of  several  granules  some 
tirne  between  two  and  five  years.  Thc*se  soon  unite  into  a  central  mass,  from  uhich 
ossification  spreads,  more  rapidly,  ho\vever,  in  the  deeper  parts.  The  bone  is  not 
fully  formed  till  after  puberty,  perhaps  not  before  eighteen. 

THE   LIGAMENTUM    PATELLA. 

This  name  is  applied  to  the  tendon  of  the  quadriceps  extensor  muscle,  in  which 
the  patella  is  a  sesamoid  bone  (Fig.  416).  It  is  a  strong,  flattened,  tibrous  band 
some  two  inches  long.  Just  below  the  knee-pan  it  is  at  least  one  and  one-quarter 
inches  broad.  but  at  its  insertion  into  the  front  of  the  upper  part  of  the  tuberosity 
of  the  tibia  its  breadth  is  not  over  one  inch.  The  line  of  insertion  is  oblique,  the 
outer  end  being  the  lower.  Just  above  the  insertion  a  synovial  bursa  lies  between 
the  tendon  and  the  bone.  A  mass  of  fat  above  the  bursa  separates  the  tendon  from 
the  capsule.  The  tendon  is  fused  at  the  sides  with  fibrous  expansions  from  the 
quadriceps. 

THE   KNEE-JOINT. 

This  is  a  compound  joint  between  the  femur  and  the  tibia,  the  patella  being  a 
sesamoid  bone  in  the  tendon  of  the  extensor  of  the  leg,  incorporated  in  the  front  of 
the  capsule.  The  patella  is  in  relation  to  the  femur  onlv,  and  sometimes  it  is  con- 
venient  to  consider  the  knee-joint  as  the  sum  of  three  distinct  ones, — namely,  that 
between  femur  and  patella,  and  one  for  each  condvle  with  the  tibia.  The  joint  is 
enclosed  by  a  capsule  partiallv  suMivided  in  many  ways.  Fibro-cartilaginous  disks, 
the  semilunar  cartilages  on  the  top  of  the  tibia.  tend  to  subdivide  the  joint  Mow 
each  condvle  into  an  upper  and  a  lower  half.  The  crucial  ligaments  nearly  cut  ofi 
communication  lx?tween  the  parts  of  the  joint  under  each  condyle.  The  mucous 
ligament  assists  in  this,  and  with  the  alar  ligaments  tends  to  isolate  the  patella. 

Discussion  of  the  knee-joint  calls  for  the  description  of  the  folIowing  com[>onent 
structures  : 

The  Capsule  and  its  Accessories. 

The  Semilunar  Cartilages  and  their  Accessories. 

The  Crucial  Ligaments. 

The  Subpatellar  Fat  with  the  Ligamentum  Mucosum  and  the  Ligamenta 
Alaria. 

The  Svnovial  Membrane. 

Certain  Hursie. 

The  capsule  (Fig.  416)  arises  from  the  femur,  mingling  with  the  periosteum. 
a  little  above  the  anterior  articular  surface  ;  from  the  sides  of  the  condvles  as  high 
as  the  level  of  the  lateral  t\ilMTositit»s  :  from  the  back  one  centimetre  bcvond  the 
highest  pi»int  that  the  cartilage  reaches  on  the  top  of  the  condvles  ;  and  from  a 
slightlv  lower  level  alx>ve  the  intercondvloid  notch.  It  is  attached  in  front  around 
the  articular  surface  of  the  knee-pan  and  inferiorly  to  the  tibia  ali  around,  but  a 
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litde  below  the  top  ;  for  the  articuUr  cartilage  is  continued  over  the  border  onto 
the  sides.  It  is  lower  at  the  back  of  the  outer  tuberosity,  where  the  joint  sometimes 
jcans  that  of  the  head  of  the  fibula.  It  is  attached  to  the  periphery  of  the  semi- 
lunar  carUlages.  This,  which  is  ihe  capsule  proper,  is  very  much  strengthened  by 
surrounding  structures.  On  each  side  a  strong  tibrous  layer  passes  from  the  eon- 
dyles  to  the  patella  {ai/erons  de  la  rotule  of  French  authors)  (Fig.  418).  Super- 
iicial  to  this,  and  not  adherent  to  it,  come  the  aponctirotic  hbres  of  the  vasti,  and 
-itill  more  superficially  the  fascia  lata.     They  fuse  with  the  capsule  at  the  sides  of 


'^  patella,  bnt  extend  over  the  latter  in  two  tolerablv  distinct  lavers.  Both  heads 
™  tre  gastrocnemius  and  the  plantaris  are  to  a  great  extent  incorporated  with  the 
•^JPSule  behind  (Fig.  417).  The  tendon  of  the  sem  i  m  cm  bra  nosu  s,  which  has  ils 
*"'^  insertion  in  the  groove  in  the  inner  side  of  the  libia  where  i[  is  covered  by  ihe 
""^O  superficial  hteral  fibres  of  ihe  capsule,  sends  across  the  back  of  the  capsule 
"■^ng  transverse  diverginjf  tibres,  known  as  llie  ligament  of  \Vinslow,  some  of 
*^ich  are  dircctlv  cnntmuous  with  the  oiiter  hc^d  oi  ihe  gastrocncmins  (Fig.  417). 
*nie  longitudinal  fibres  ncar  the  back  of  the  inncr  side,  only  artificially  separable 
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from  th«  TL^st,  liave  been  called  the  internal  lateral  Ugament'  (Fiy.  416).  The 
long  external  lateral  ligament'  (^Kig.  41^),  thougli  connurtcd  uith  thc  capsule 
by  areolar  tissue  on  its  dcep  surface,  is  truly  a  dJstinct  ligament.  It  arises  from  the 
external  tubcroiiity  of  the  feniur  and  runs  as  a  Hatlcned  curd  dowiiward  and  some* 
what  backuurd  to  the  outcr  surface  of  the  heud  of  the  tiouia,  almost,  or  quite, 
splittint;  the  tendon  of  thc  biceps,  which  is  inserted  e.Merna)  to  it,  overlapping  the 
ligament  in  front  and  bthind.  A  shorler  6a»d  placcd  more  |>osteriorly  antl  insep«- 
rable  from  the  capsule  can  often  be  traced  to  the  styloid  procesa.    The  tendon  of  the 

Fig.  417- 
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jHijilitcns  enterinjLf  the  ji)int  fnmi  liehind  is  incnrpiirjili-d  with  the  capsule  beneatb 
the  long  e\terniil  lateral  h^amcnt,  as  dtscribed  vlth  the  Imrsie. 

The  semilunar  cartilages  (Fij;s.  419.  4201  are  tun  crescentic  disks  of  tibro- 
cartilaf^e  lyinj;  tach  on  lup  of  i.ne  of  tlie  iiib<r<>sliiis  of  the  tibia,  with  thdr  thkk 
oiiter  bonkrs  at  ihe  pi-riphirv  atiach.-ci  to  tbit  capsule  and  thcir  thin  ed^^es  trec,  SO 
as  partiallv  t"  divide  ihe  joiiit  inin  an  uppir  and  a  lnMcr  part.  The  p<.>inted  ends 
[i;'iiiiiii\  are  fastened  mar  the  niidille  lini-  of  ihe  joint.  Those  of  the  extemsl 
cartilage  '  are  altaihed  to  thc  front  and  bark  of  the  (ibiilar  (acet  of  the  spine  of  the 
tibia  an.l  t'>  thc  Inni-r  bordcr  of  the  raiscd  arliciilar  (acet  before  and  behind  it.      The 
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posterior  hom,  moreovcr,  joins  the  posterior  crucial  liffament.  There  is  not  more 
than  one  centimetre  between  the  ttt'o  homs.  so  ihat  this  cartilage  is  almost  circular. 
The  internal  cartilage  '  is  C-shaped.  The  anterior  horn,  ihln  and  tibrous,  is  in- 
serted  into  the  rough  surface  near  the  anterior  border  at  no  very  definite  poinL 
Sometimes  it  runs  into  the  transverse  ligament  without  any  fixed  ending  ;  some- 
times  the  extreme  point  is  free.  Tho  posterior  horn  is  attached  to  the  back  of  the 
dbial   facet  of  the  spine   and   to  the   edge  of   the  articular  facet  behind    it.     The 

Fig.  4t8. 
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**t^nce  between  the  homs  is  ahout  three  ccntimetres.  The  anterior  horn  ot  the 
iolcmal  cartilane  niay  not  conie  into  contact  n ith  the  fennir.  Tht  lertical  diameter 
ol  the  cartilages  at  the  periplicrv  is  from  si.\  to  eiyht  milhinetres.  The  breadth 
vaiies  in  difierent  joints.  ranging  from  one  to  neariv  tw<i  ct-nlimetres. '  The  broadest 
pt  is  near  the  back  of  the  internal  one,  hm  the  external  is,  on  the  whok%  the 
iN^der.  It  is  said  sometimes  to  complelelv  divide  that  half  of  the  joint,  The 
fft  border  is  ver\'  thin  and  niav  prt-sent  fine  prolongations  \vith  scalloped  edgcs. 
'Forvarioas  statislies,  consiilt  Hisj-ins:  JoiiniaL  of  Analomy  and  Pliysioloto'.  vol.  xxix., 
1% 
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The  lower  surfaces  of  the  disks  adapt  themselvcs  to  the  top  of  the  tibta,  the  outer 
cartiiage  concealing  the  convexity  at  the  back  of  the  luberosity.  The  upper  suriaccs 
form  cups  to  receive  the  femoral  condyle3.  At  the  sides  of  the  spine,  where  the 
cartilages  are  wanting,  the  cups  are  completed  by  ihe  upward  slope  of  the  tuber- 
osities. 

The  coronary  ligaments  (Fig  420)  are  parts  of  the  capaule  connecting  the 
periphery  of  the  seinilunar  cartil  iges  wi[h  the  tibia  They  are  oi  httle  strength  and 
allow  more  or  less  motion  Those  of  the  txteradl  cartiiage  are  more  thaii  two  cen- 
timetres  tong  at  the  front  and  1  3  ctiitimetres  at  the  back  w  hili.  those  of  the  internal 
are  from  foiir  to  five  miltimctres  Thus  the  t.\tcriial  cartiiage  can  move  very  fr(«ly 
on  the  libia,  both  from  the  leinjth  of  these  ligaments  and  from  the  approximation  of 
its  horns,  while  the  mtcrn^l  can  move  but  little      This  has  an  important  influence 
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on  ihe  mechanics  of  the  jnint.  The  popliteiis  muscle  is  attached  to  the  outer, 
u-hich  is  si^niticftnt  in  the  same  connettion. 

The  transverse  ligament '  ( Fig,  420)  is  a  band,  usuallv  ill-detined  and  often 
quite  Hanting,  whiih  connocts  the  airtilages  at  the  front  of  the  knee,  ruaning  from 
the  cimvexity  of  the  miter  to  ncar  the  anterior  cornii  of  the  inner  and  sometimes 
into  it.      It  is  closi-lv  attached  to  the  capsiile  in  front. 

The crucialligamenta ' (  Fi§s.  419,  430)aretwobroad,  thickbands.the  strom;* 
est  in  the  joint.  The  anterior  arises  from  the  depression  in  front  o[  the  spine  of  tne 
tibia,  elosc  to  ihc  external  scmihmar  cartiiage.  and  nms  upward,  backward,  and 
outttard  to  the  back  of  the  inner  side  of  ihe  outer  condvle.  The  posterior,  the 
stronj;er,  arises  from  the  back  of  the  jjroove  at  ihe  ptisterior  aspect  of  the  top  cA  the 
Imne,  and  from  its  i)uter  bordcr,  loaving  the  Hoor  of  the  k"""©^"*?  and  the  transverse 
pici.e  of  the  spine  nt  the  lil>ia  tree  and  covered  by  synoviaI  membrane.  It  is  alao 
cl.isilv  conniried  ■,\ith  the  extcrnal  seniihinar  cartiiage.  It  runs  forward.  upward, 
.md  A  liti).'  inward  to  the  frnni  ..f  ilie  oulcr  hide  of  thiT  inner  cimdyle  and  o(  the 
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intercondylar  notch.'  The  fibres  from  the  external  semilunar  cartilage  run  along  it 
in  a  varying  position,  but  usuaHy  as  a  well-detined  bundle.  When  the  joint  is 
straight  the  surface  of  the  anterior  ligament  looks  approximate]y  forward  and  up- 
-vt^rd,  its  line  of  insertion  being  about  vertical  ;  when  it  is  fully  flexed  the  outer 
e<lge  is  brought  fonvard  so  th.it  the  ligament  is  soiiiewhat  twisted  on  itself  and  the 
upper  part  looks  inward,  the  line  of  insertion  slanting  slightly  downward  and  back- 
ward.      In  the  former  position  the  posterior  crucial  has  the  anterior  suriace  lookJng 

outward,  forward,  and  downward,   the  line  of  insertion  being  horizontal,  with  the 

tfront  extemal.     Wilh  the  knee  flexed  the  ligament  is  closely  applied  to  the  internal 

<:rondyle. 

The  Subpatellar  Fat,  the  Ligamentum  Mucosum,  and  the  Ligamenta 

.^Vlaria  (Figs.  419,  423). — If  the  joint  be  opened  by  dividing  the  capsule  just  above 
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patella,  or.  better,  by  splitting  the  patella  and  turning  one-half  to  either  side,  a 

"fj^emass  of  fat  is  seen  inside  the  capsule,  belo«  thf  patella  and  above  the  front 

^*J  top  of  the  tibia,  cnvercd  by  the  synovial  membrane.      This  mass  has  a  dctinitc 

*"^  j>e,  though,  of  course,  siibject  to  change  bv  pressiirf.     It  is  peihaps  besi  described 

**,  T:>yramidal,  the  base  lieing  towanls  the surfacc  belween  the  knee-pairand  the  tibia. 

"  *^en  the  knee  is  straight   it  fiUs  rhc  patcllar  suriace  of  the  fcniur  and  latcrallv 

P*»«es  under  the  condvlcs,  filling  the  space  betMecn  them  and  the  tibia.      It  reaches 

1°   *lie  semilunar  cartilages.      Towards  the  joint  it  has  tw'o  free  angles,  a  larger  one 

"■dw  entering  between  the  boncs  as  jusl  describcd  and  a  smaller  one  alMive,      The 

^'^»al  halves.  including  the  synovial  covering,  are  called  the  alar  ligaments  '  (Figs, 

41^,  423).      From  the  middle  of  this  niass  bclow  the  patella  runs  a  collection  of  lat 

••t^  areolar  and  elastic  tissne.  invested  by  svnovial  membrane,  to  the  top  of  the  inter- 

cotidylar  notch.     Thi«  is  the  ligamentum  mucosum,'  of  little  strength  and  not 

">*olute  constancy,   \vhich  arts  !is  a  guy,   preventing  the  mass  of  fat  from  falling 

"'ay  from  the  femur.      Thcre  are  also  collections  of  fat  aboiil  the  crucial  ligaments 

*'"i  at  the  back  of  the  joint  bctweon  the  posterior  crucial  and  the  capsule. 

The  8ynovial  membrane  lincs  the  capsule  in  a  general  way,  but  is  scparated 
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from  it  by  thc  masses  of  fat  just  described.  It  surrounds  the  lower  halvea  of  the 
cruciat  ligaments  with  the  fat  in  a  common  envelope,  so  that  thcre  is  in  nature  no 
interval  between  them.  There  is  but  a  small  chink  between  the  upper  halvcs, 
though  each  has  ils  separate  sheath.  The  back  ol  the  posterior  crucial  is  partly  un- 
covered  by  synovial  membrane.  Synovial  fringes  formod  by  the  membrane  and 
more  or  less  underlyiiig  tissue  project  from  the  folds  of  the  alar  ligaments,  from  the 
ligamentum  mucosum,  and  from  ncur  tlie  borders  of  the  patella. 

Bursse. — (i )  The  most  important  is  a  large  one  under  the  extensor  tendons, 
just  above  the  capsule,  with  which  it  tisually  communicates.  It  probably  in  most 
cases  develops  independently  of  the  capsule,  which  thcn  lies  in  front  of  its  Iowest 


Fig.  4^1. 


part,  a  communication  forming  subsequently.  Such  a  communication  almost 
alway3  exists  in  the  adult,  less  frcquently  in  the  infant.  The  opening  may  be  smaJl 
and  well  defined  or  so  large  that  the  cavities  of  the  joint  and  bursa  give  no  sign  of 
subdivision.  This  carries  the  ravity  of  thc  joint  any  part  of  thrce  finger-breadths 
above  the  knee-pan.  It  is  possibic  that  sometimes  there  is  a  communication  from 
thc  bcginntnp.  (2)  PrfpatfUar  btirsa  are  foiind  on  the  front  of  the  patelU 
at  diflcrent  depths.  Dircct!y  bclow  the  skin  is  the  superficial  fascia,  often  Umel- 
latnJ  and  adherent  to  the  laver  beneath  it.  According  to  Bize,'  (a)  a  bursa  19 
present  in  this  superficial  laver.  ii!iiial)y  over  the  lower  half  of  the  patella,  in  eighty- 
cight  pcr  cent.  of  km-es  pxamined.  Thc  next  laver  is  an  aponeurotic  one  continu- 
ous  ttith  the  fascia  lata,  beneath  which  (i>  a  bursa  is  found  in  ninety-five  per  cenL, 
most  cammonly  at  the  inner  inferior  part.  \  stili  decpcr  {c)  bursa  occnrs  beneath 
'  Joumai  de  TAnat.  et  de  la  Phys.,  1896. 
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tbe  filntius  layer9  from  the  tendon  of  the  quadriceps  over  the  lower  part  of  the  bone 

in  eighty  per  cent.     (3)  A  large  and  constant  bursa  lies  on  the  smooth  anterior 

surface  of  the  tuberde  of  the  tibia  beneath  the  ligamentum  patells,  which  is  inserted 

into  the  lower  part.      fl  extends  upward  to  about  the  level  of  the  top  of  the  tibia, 

/rom  which  it  is  separated  by  the  fat  below  the  knee.      It  practically  never  communi- 

cjates  with  the  knee-joint.     As  the  tendon  before  it  is  inserted  obliquely,  descend- 

jrvg  lower  on  the  outer  side,  the  shape  of  the  bursa  is  roughly  triangular.     The 

^^grreatest  diameter  is  the  transverse  one  at  the  top    the  oute  T>order  is  not  quite  so 

J<:>ng,  and  the  inner  about  half  the  length  of  the  outer      The  breadlh  is  from  3  to  4 

^j^ntimetres,  the  outer  border  from  3  5  to  4    and  the    nner  from  1.5  to  2.5  centi- 

x-v3«tres.     (4)  A  subcutaneous  bursa   b  oltcn  found  o  er   he  tuberosity  of  the  tibia 
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^d  (5)  another  over  the  ligament  of  the  patella.  At  the  back  of  the  knee  there  are 
»veral  bursse.  (6)  The  largest  is  that  beneath  the  inner  head  of  the  gaslrocne- 
nius  (Fig.  426),  which  laler  in  lifc  often  connects  with  the  joint.  It  is  usually 
prolonged  I)etween  the  gaslrocncmius  and  the  tendon  of  the  semimembranosus. 
(7)  A  bursa  is  tommonly  found  between  the  long  lateral  ligament  and  the  tendon 
of  the  popHteus  as  it  passes  beneath  it,  and  another  between  the  ligament  and  the 
tendon  of  the  biceps. 

The  reiations  of  (he  tendon  of  the  poplileus  musde  are  so  important  as  to  re- 
qiiire  a  separate  description.  The  muscular  belly  is  iisuallv  separated  from  the  back 
of  the  tibia,  near  the  top,  by  a  prolongation  o(  the  capsule  between  the  tibia  and  the 
back  of  the  external  semtlunar  cartilage,  which  is  dcscribed  by  some  as  a  bursa  com- 
municating  with  the  joint.  According  to  cithcr  view.  there  is  a  deficiency  of  the 
coronary  hgament  at  ihis  pnint.  The  musclc  is  coiinicted  bevond  this  with  the 
outer  side  of  the  extcrnal  semilunar  cartilage.     Passing  above  this,  it  becomes  a  part 
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.  ,.   ,n,\  ,\*  v\»,-hi»ir  its  insertion  it  makes  a  more  or  less  pronunent  pro- 

,.,  ii>'     ■)■'    v  ~'       rvic  mav  or  may  not  be  a  projection  of  the  capsule  like  a 
,1.,    .v'>   .  nhi-iv  (lif  two  are  fused.     On  its  way  the  tendon  often  sendi 

(.;,■,.  .-.■    ■»,-   ^«trniir  inicial  ligamenL 
tWt^<-'-<'f^tt<«-      Ihv  mutions  between  the  femur  and  the  patella  will  beconsid- 
..:-,.   .v.wi-  IvUVifn  the  thigh  and  the  leg.      The  knee  cannot  be  a  hin^-joint, 

,  ..r.  iht-  inovinK  1«"  is  alway3  at  the  same  distance  (roin  the  axis  oi  rotation, 
I  .->  ^<iit  >•'  tht'  i|iii-stion  in  the  knee,  owing  to  the  shapc  of  the  condyles.  The 
>.ii  thi-Hi-  .in-  noither  of  equal  length  nur  parallel  cumplicates  the  problem.    The 

.iiv-  liirihcr  »iilKhvided  by  the  semilunar  cartilages,  which  make  a  slight 
t  tur  r.u-h  (-<indyle.  This  socket  is  more  or  less  movabic  and  aiso  compressible 
-t4»tii',  9(>  that  it  may  change  its  shape  to  accommodatc  itself  to  the  form  of 


Dt  ]iart.s  of  the  condvic.  The  extorn;il  st-niihinar  cnrtilage,  having  its  homs 
s»Tiirv1y  .»ttiichfl  n<-ar  f^cther  ;ind  h.-ivinjr  ;i  long  coronarj'  lifjamcnl,  can  sninfj: 
iKirkuard  and  f-.m-ard  fir(-tty  (nn-lv  as  a  uholv.  Tlie  internal  cartilage  is  more 
olt>si'ly  fasicnt.-d  to  the  tibia.  'srejtting  the  antcrior  horn.  which  has  no  constant 
arrantremtni.  Not  on!y  c;in  the  st-milimar  carliUtges  change  shape.  bnt.  as  Braune 
has  shown.  thit  <Mrtihi;;i:  of  ihe  joint  is  ca|>ah1e  of  compression.  For  ali  these 
reasnns  .icciir.itc  m.iTh'-maiiral  siatcments  are  impossible. 

In  e\Un<ii'n  ot  ihe  h-j;  ^m  the  thigh,  l>e};'""'"K  "'*^  t*^*^  knee  fJexed,  the  tibia 
Iravels  alonj;  ihv  irr'-siilar  mne  of  the  cnndvles.  carr\'inK  the  semilunar  cartilages 
with  it.  TlnTi-  i<i  i)rarti(ally  no  nmvcnient  bclween  the  internal  cartilage  and  the 
tihi-i,  imliss  ar  the  ^-nd,  and  probahlv  lilllo  bcnoath  the  extemal.  The  extemal 
twlx-rosiiy  ot  ihf  til>ia  ri-achi-s  the  front  of  the  shortcr  eonrivle  befnre  the  internal 
lulM-rositv  han  '-om[)!»'Ut|  its  conrsc.  The  last  pari  of  the  advance  of  the  latter  is 
arcompani'-'!  t>v  an  ontuard  rotalion  of  ihi-  tibia  on  a  vcrtical  axis  passing  through 
about  the  mtddhr  of  the  outer  condvle.  sn  that  whilc  the  inncr  tuberosity  stili  swings 
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former  usually  and  the  latter  invariably  are  incomplete.  owing;  to  the  large  supeHicial 
areas  uf  the  joint-surfaces.  In  the  grcat  majorit)'  oF  cases  dblocations  oC  the  knee 
are  due  to  indirect  violence  acting  through  the  feinur  as  a  lever, — as,  for  exampte,  in 
falls  forward,  ihe  foot  and  leg  being  fixed.  The  weight  of  the  trunk  carryiiig  the 
upper  end  of  the  thigh  [orward.  brings  the  loiver  end  with  great  power — the  fulcnim 
and  the  resistance,  or  weight,  being  so  close  to  each  other — against  the  postenor 
Ugamem,  a  nipture  of  which  permits  the  movement  to  continue  and  results  in  an 
anterior  dislocation  of  the  knee,  which  is,  regarded  from  an  etiological  stand  point, 
a  displacement  of  the  femur  backtvard. 

If  the  fall  is  in  the  opposite  dircction,  the  femur  niay  be  dispUced  anteriorly, — 
i.e.,  postenor  dislocation  of  the  knee  may  occur.  Occasionally  the  anterior  disloca- 
tion  has  followed  the  fall  of  a  weight  upon  the  front  of  the  femur.  The  application 
of  force  to  the  front  of  the  leg  when  the  knee  was  flesed  has  produced  a  postenor 
dislocation,  the  effect  of  the  biceps,  poplileus,  and  semimembranosus  in  remforcing 
the  posterior  ligament  being  minimized  in  that  position. 

Lateral  dislocations  are  caused  by  addtiction  or  abduction  of  the  leg.  the  thigh 
being  fixed,  or  by  falls  siden'ays  uhen  the  foot  and  leg  are  1ixed.     The  great  width 

Fig.  434. 
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of  the  joint  and  the  slight  resistance  ofiered  by  the  interposition  of  the  tibial  spine 
bctween  the  (emoral  condvles  render  them  rarer  than  antero-posterior  luxation3. 

Forward  dislocation  is  more  common.  possibly  because  of  the  greater  laxity 
of  the  capsule  in  front,  and  is  more  apt  to  be  complete  Ihan  the  backward.  The 
knee  is  extendcd  ;  the  tibial  tubercle  prominent  ;  the  antero-posterior  diameter 
increased  ;  the  anterior  margin  of  the  tibial  tut>erosilies  palpable  in  front  ;  the 
rounded  condyles  niay  bc  felt,  but  Icss  distinctlv  postcriorly  ;  the  popliteal  concavity 
is  oblilerated  :  the  aponcurotic  expansion  of  the  quadriceps  is  toose  and  lies  in  foldt 
abont  the  upper  border  of  the  patella.  The  femoral  vesseis  and  nerves  may  be 
bruiscd,  compressed,  or  lacerated. 

In  haekivard  dislocation  aiso  the  knee  is  in  exlension  and  the  antero-posterior 
diameter  increased.  The  displaced  bonv  proinincnces  mav  be  recognized  by  palpa> 
tion.  This  dislociition  is  evcn  loss  apt  to  Ije  complete  than  the  forward  variety  :  but 
if  it  is.  the  vi^ssels  and  nerves  are  oftencr  injured.  as  shown  by  the  more  Erequent 
occ»rri.-nte  of  giingrcne.  This  is  prohablv  <liie  to  the  sharpness  and  prominence  ol 
tht'  b:irkward  projeotion  of  the  npper  edge  nf  the  tibial  tut>erosities,  as  corapared 
with  Ihe  rninidi-d  dcpri'sse<l  notch  between  the  femoral  condvles  which  receivcs  the 

In  lateral  dislocatii>n.  In  accordance  wiih  the  direction  o(  the  displacement, 
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«ne  or  other  condyle  becomes  prominent,  as  does,  on  the  opposite  aspect  of  the 
Jimb.  tho  head  of  the  fibula  or  the  inner  tuberosity  of  the  tibia.  The  patcila,  owing 
*o  ihe  shortness  and  strenglh  of  its  ligamenl,  is  carried  with  the  tibia.  The  lateral 
^iameter  of  the  joint  is  increased.  The  foot  is  apt  to  be  rotated  in  the  direction  of 
che  luxation  ouing  to  the  tension  of  the  biceps  in  the  outward  and  of  the  popliteus 
^uid  inner  hamstrings  in  the  inuard  variety. 

Oislocations  by  rotation  have  aiso  occurred. 


In  the  various  torms  of  lii\ation  the  crucial.  the  lateral,  and  the  posterior  liga- 
ments  and  the  biceps  and  fiastrocnemius  muscles  sutTer  most  scverely  ;  the  popliteus 
and  semimembranosus  less  so.  Thcv  are  often  compound,  and  niav  for  that  reason 
lecessitatc  amputation.  The  injurv  to  the  ligamcnts  leaves  the  joint  weak  and 
'nsecure  for  a  lonp  tinic. 

Subiu.raihn  of  the  semilunar  cartilages  occiirs  usuallv  «hcn  the  lep  is  fixed, 
the  knee  sliphttv  flcxed,  and  the  feiiiur  rotated  upon  the  tibia,  l>ecause  the  move- 
ments  of  flexion  and  estcnsion  take  placc  bctwcen  the  fcmur  and  these  cartilagcs. 
»hich,  therefore,  follow  the  motion  of  the  tibia  ;  whereas  in  rotation — the  move- 
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ments  then  occurring  between  the  tibia  and  the  cartilages— one  of  them  is  iixed 
betwccn  the  corresponding  condyle  and  the  tibia  which  rotates  beneath  it  ;  the 
remaining  cartilage,  especially  if  the  rotation  is  marked,  niay  be  dragged  or  squeeze<l 
so  that  it  is  nippcd  between  the  tibia  and  iemur.  Thus  the  contraction  of  the  biceps 
which  effects  outuard  rotation  of  the  leg  brings  more  closely  together  the  external 
tuberosity  of  the  tibia  and  the  external  condyle,  and  the  outer  cartilage  is  held  finnly 
between  them.  This  increases  slightly  the  distance  betvveen  the  inlernal  condyle  and 
the  head  of  the  tibia,  leaving  the  internal  cartilage  freer  to  move  into  an  abnorinal 
position.  \Vhen  the  popliteus,  semitendinosus,  and  semimembranosus  contract  to 
rotate  the  leg  invvard,  they,  in  like  manner,  tix  the  internal  cartilage  and  allow  of 
increased  mobility  of  the  external  cartilage. 

Subluxation  of  the  inner  cartilage  is  the  more  frequent  because  ( i )  outward 
rotation  of  the  leg  is  far  more  common  than  inward  rotation  ;  (2)  the  muscle  chiefly 
concerned  in  effecting  inuard  rotation, — the  popliteus, — when  it  contracts,  steadies 
and  supports  the  external  cartilage  by  prc*ssure  against  its  outer  margin  (Morris)  ; 
no  corresponding  support  is  given  the  internal  cartilage  during  outward  rotation  ; 
(3)  the  anterior  crucial  ligament  is  attached  somewhat  in  front  of,  and  oftcn  directly 
to  the  inner  cornu  of  the  external  cartilage,  tending  to  limit  its  fonvard  motion.  It 
is  altogether  behind  the  internal  cartilage  ;  (4)  the  external  cartilage  has  a  strong 
attachment  to  the  femur  through  the  ligament  of  \Vrisberg  posteriorly. 

The  displacement  is  forward  in  the  majority  of  cases.  The  symptoms  are  pain, 
from  the  pressure  on  the  cartilage  itself,  increased  by  retlex  spasm  of  the  muscles 
moving  the  joint,  and  followed  by  a  synovitis.  The  edge  of  the  cartilage  may  often 
be  felt. 

Disease  of  the  knee-joint  is  of  great  frequency  on  account  of  its  exposure  to  (^ ) 
direct  violence  and  to  cold  and  wet,  by  reason  of  its  superficial  position,  and  {b)  to 
strains  and  wrenches  through  the  leverage  of  the  femur  and  tibia.  The  factors 
competent  to  resist  luxation  are  not  able  to  protect  it  from  m  i  nor  injuries.  It  is  a 
favorite  seat,  therefore,  of  traumatic  synovitis,  and — on  account  also  of  its  complexity, 
its  large  size,  and  the  difficulty  in  keeping  it  at  absolute  res  t  ^-disease,  if  acute,  is 
apt  to  be  severe  and  threatening  ;  if  subacute,  tends  to  become  chronic  or  to  recur. 
Ali  the  alxjve  reasons,  combined  with  its  inclusion  of  the  lower  femoral  epiphysis 
and  its  close  relation  to  the  upper  tibial  epiphysis, — the  seats  of  the  chief  growth  of 
the  lower  limb,  — make  it  also  one  of  the  joints  most  commonly  subject  to  tuberculous 
disease,  uhile  gout,  rheumatism,  and  syphilitic  and  gonococcic  infection  are  oftcn 
localized  in  it. 

Most  of  the  chronic  diseases  due  to  infection,  as  \vell  as  those  directly  following 
traumatism,  l)cgin  in  the  svnovial  membrane  because  of  the  large  superficial  expansc 
of  that  membrane.  The  intra-arlicular  efTusion — whether  **simple,"  from  hyper- 
«i*mia,  or  inflammatory,  from  infection — causcs  the  knee  to  assume  the  position  of 
moderatc  flexion  because  ( i )  its  capacity  is  then  greater  than  in  full  extension  or 
full  flexi«m,  and  maximum  capacity  is  equivalent  to  minimum  pressure  ;  (2)  flexion 
relaxes  tho  densest  and  most  resistant  ligaments, — the  posterior  and  the  lateral  (as 
thev  are  attached  l)ehind  the  centre  of  the  bone)  and  (if  moderate)  the  posterior 
crucial.  It  is  resisted  only  by  the  ligamcntum  patellae,  which  is  in  less  close  rela- 
tion to  the  joint  (l)eing  separated  by  the  pad  of  fat  on  which  it  lies).  and  by  the 
thinner  and  more  extensible  anterior  portion  of  tht*  capsule  ;  (3)  the  joint  is  inner- 
vated  in  accordance  \vith  the  general  la\v  that  the  same  nerves  \vhich  supplv  the 
interior  of  an  articulation  supply  also  both  the  muscles  moving  it  and  the  skin  over 
the  insertion  of  those  muscles  (Hilton).  The  knec-joint  is  acted  on  by  ten  muscles, 
four  of  \vhich  are  extensors  and  six  flexors.  The  latter  are  not  only  numerically  in 
excess,  but  are  also  the  more  powerful  and  the  more  favorablv  situated  for  actinf^ 
upon  the  joint.  Therefore,  when  the  artirular  tuigs  of  the  obturator,  sciatic,  and 
anterior  crural  ner\'es  are  irritated  bv  disease,  and  both  the  anterior  and  posterior 
groups  of  muscles  contract  retU*xly,  the  riexors  predominate.  The  principle  is  of 
wide-spread  application,  and  should  be  considered  in  reference  to  the  [)osition  of 
most  joints,  at  least  in  the  earlv  stages  of  disease. 

Later  in  knee-joint  disease  the  softening  and  elongation  of  the  ligaments  |>ermit 
the  Yi\\\\  of  the  flexors  to  produce  posterior  displacement  of  the  lx)nes  of  the  leg 
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upon    the   thigh.       This   is  aided  in   dorsal  decubitus  by  gravitation,    which  also 
favors  the  outward  rotation  of  the  leg  that  comnionly  occurs  at  the  same  time, 

The  swelling  o(  synovitis,  whether  acute  or  chronic,  is  limited.  until  the  capsule 
gives  way,  by  the  attachments  of  the  synovial  membrane, — that  is,  it  extends  upward 
beneath  the  rectus  for  from  two  to  three  finger-breadths  or  from  four  to  five  centi- 
metres  [one  and  a  hali  to  two  inches)  above  the  summit  of  the  patella  ;  laterally,  it 
reaches  the  same  level  under  the  vastus  internus,  but  is  not  quite  so  high  on  the 
other  side.  under  the  vastus  externus,  Downward,  it  descends  to  nearly  the  middle 
of  the  ligamentum  patellče,  attaining  the  same  level  on  the  inner  side,  but  stopping 
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just  above  the  head  of  the  fibula  on  the  outcr  side.  The  patella  is  separated  from 
the  trochlea  of  the  lemur — ■■  floaled  up."  In  testing  for  this  svmptom,  it  is  impor- 
lant  to  grasp  the  antcrior  nmscles  of  the  thigh  firmly  and  draw  them  towards  the 
knee  so  as  to  relax  the  puli  of  the  quadriceps,  which  is  occasionally  great  enough  to 
hold  the  patella  in  contact  with  the  femur,  even  in  the  prcscnce  of  considerable 
efiusion  (Fig.  426). 

The  condition  is  iisuallv  »mmistakable,  bul  may  have  lo  be  difierentiated  from 
periarticular  absccss  or  h,-rmatoma.  In  the  latter  cases  the  swclling  »ill  not  be 
uniform  ;  the  inner  depression  at  the  side  of  the  patella  may  be  obliterated,  and  not 
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Fig.  427. 


the  outer,  ox  vice  versa  ;  fluctuation  cannot  be  obtained  in  every  direction, — 1.^.^ 
from  side  to  sidc  under  the  patella  or  obliquely  ;  thc  patella  will  lie  directly  upoil 
the  femur. 

The  diagnosis  from  bursal  enlargements  will  be  considered  in  relation  to  those 
structures. 

SyphUitic  disease  of  the  gummatous  type  is  apt  to  begin  in  the  subcutaneous 
tissue  without  the  joint,  which  it  involvcs  secondarily.  In  its  earlier  stages  the 
swelling  would  therefore  be  periarticular,  and  rccognizable  by  the  foregoing  syinp- 
toms.  Later,  as  it  extends  in  both  directions,  there  will  usually  be  ulccration  of 
thc  skin. 

The  knee  is  more  often  the  seat  of  the  so-callcd  loose  bodies  than  is  any  other 
joint.     They  are  sometimes  the  result  of  osteo-arthritis  (which  aflfects  the  knee  by 

preference), causing  thickeningand  fibrinoua 
or  calcareous  change  in  some  of  the  syno- 
vial  fringes  ;  or  they  may  be  produced  in 
those  fringes  from  embryonic  remnants,  and 
are  then  composed  of  hyaline  cartilage  or 
fibro-carlilage  ;  or  they  may  result  from  thc 
organization  of  inflammatory  lymph  after  an 
acute  arthritis  ;  or  they  may  be  portions  of 
an  interarticular  or  articiilar  cartilage  de- 
tached  by  violence,  although  this  is  rare. 

In  a  čase  of  suppurative  arthritis  the 
incisions  for  drainage  should  be  made  on 
either  side  of  the  patella  and  a  little  below 
its  middle,  and  should  be  placed  towards 
the  posterior  aspect  of  the  lateral  pouches 
of  the  synovial  membrane. 

Genu  valfrtim  —  '  *  knock-knee*  *•  —  in 
young  children  may  be  directK'  due  to 
rickets,  or  may  follow  Charcot's  disease,  in- 
fantile  paralysis,  or  any  sprain  or  dislocation 
of  the  knee  that  leaves  the  internal  lateral 
ligament  \vcak  or  defectivc.  In  children 
.ind  adolescents  \vithout  ihese  antecedents 
its  essential  cause  is  stili  a  matter  of  dispute. 
There  can  be  no  doubt,  ho\vever,  that  in 
the  great  majority  of  cases  the  production 
of  the  deformitv  is  favored  hv  static  modi- 
fications  of  certain  anatomical  conditions 
which  are  probal>ly  the  cause  and  not  the 
result  of  the  diaphyseal  overgrowth  of 
femur  and  tibia  (Mikulicz),  of  the  contrac- 
tion  of  the  biceps  and  tensor  vagin*  femoris 
(Duchennc),  of  the  elongation  of  the  in- 
ternal lateral  ligament  (Stromeyer),  and  of 
the  atrophv  of  the  extcTnal  condyle  (Ollier) 
which  are  found  in  most  cases  of  this  de- 
formity,  and  each  of  which  has  been  given  etiological  importance. 

The  angle  between  the  femoral  and  tibial  axes  ( corresponding  to  that  between 
the  arm  and  forearm)  opens  outward  at  the  knee.  It  results  not,  as  in  the  upper 
e.xtremity.  from  an  outward  obliquity  of  the  lower  segment  of  the  limb,  but  from  thc 
imvard  slant  of  the  thighs  from  the  pelvis  to  the  knees.  the  til)iie  (like  the  humcrus) 
being  parallel  to  the  longitudinal  axis  of  the  body  and  to  each  other.  That  the  line 
of  the  knee- joint  may  be  horizontal,  the  internal  c^ndvle  of  the  femur  is  longer  than 
the  external.  In  a  normal  person  standing  erect  in  thc  militarv  attitude  of  "atten- 
tion"  thc  weight  of  the  trunk  is  transmitted  do\vn\vard  from  thc  head  of  the  femur 
in  a  vertical  line  \vhich  passes  through  the  external  condvle  f  Fig.  427).  The  erect 
position  must  therefore  be  maintained,  not  merely  through  the  approximation  of  the 
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bones,  as  would  be  the  čase  if  the  axis  of  the  whole  lower  limb  were  a  perpendicular 
ninning  through  the  acctabulum  and  the  centre  of  the  ankle-joint,  but  by  the  help 
of  muscular  and  ligamentous  structures. 

The  tendency  (which  b  so  common  a  factor  in  the  production  of  dcformities) 
to  assume  an  attitude  which  will  transfer  strain  from  a  tired  muscle  to  the  ncighboring 
ligaments  operater  herv  to  cause  strctching  and  elongatiim  of  the  internal  lateral 
lij^ment,  as  the  "attitude  of  rest"  with  the  feet  separated  and  evcrted  is  the  one 
u5Dally  adopted.  The  e\'il  effecta  are,  of  course,  favored  by  much  standing,  and  are 
inost  marked  in  yoiing  persons  of  feeble  physiquc  whose  weight  has  incrcased  dis- 
proportionately  to  their  muscular  strength.  The  oiiter  sidc  of  the  knee  showB  the 
changes  duc  to  incrcased  pressure  and  to  long-continued  appro.\iniation  of  musculo- 
tendinoiis  points  of  origin  and  insertion, — i.e.,  atrophy  of  the  outer  condyle  and 
outer  tuberosity  ;  contraction  and  shoriening  of  the  ilio-tibial  band  of  fascia,  of  the 
«xternal  lateral  ligament,  of  the  tendon  of  the  biceps,  and  of  the  tensor  vagina 
femoris.  The  inner  side  shows  the  eRects  of  removal  of  normal  pressure  from  grow- 
ing  bones  and  of  chronic  strain  of  fibrous  and  periosteal  tissue,  —  i.e.,  overgrowth  of 
the  femoral  diaphysis  just  above  the  inner  end  of  the  epiphyseal  line  and  of  the  tibial 
«)iaphysis  jiist  below  the  corresponding  level  ;  lengthening  of  the  internal  lateral 
ligament  ;  bony  outgrowth  at  its  tibial  insertion  from  chronic  periostitis. 

The  tibia  ia  apt  to  be  roiated  outward,  possibly  through  the  action  of  the  short- 
^ned  biceps.  Talipes  valgus  {q.v.  )  niay  be  eithcr  a  cause  or  a  result  of  genu  valgum. 
The  disappearance  of  the  deformity  when  the  knees  are  flexed 
£s  probably  due  to  the  outward  rotation  of  the  femur  that  ac- 
<;oinpanies  f1e.\ion,  and  not,  as  is  generallv  stated,  to  the  fact 
X:hat  the  antero-posterior  diameter  of  the  condyles  is  unaffecled 
l3y  the  disease. 

The  clinical  synipIoms  and  results  and  the  treatmeni  by 
sipparatua  cannot  be  described  here. 

In  Macra>en' s  osleolomy  the  femur  is  divided  from  the  inner 
^de  of  the  thigh  at  a  point  tuelve  millimetres  ( half  an  inch) 
^bove  the  adductor  tul>erclc  and  in  a  line  at  right  angles  to 
*he  long  axis  of  the  finiur.  Osteotomv  may  aiso  be  done  from 
the  outside  of  the  thigh  and  at  the  same  level,  These  opcra- 
V.ions  are  usually  safo,  but  the  popliteal  atterv,  the  anastomotica 
»nagna,  the  externnl  pertmcal  nerve,  and  other  important  struc- 
tures have  been  accidt-ntallv  divided. 

Gfiu  varum — "  tKuv-leg" — isalmost  aUvavs  rhachitic  in  ils 
«Drigin.  A  chiUI  with  rickcts  and  having  lumbar  lordoais  of  the 
spine  standswith  its  thighs  slightlv  flexed,  either  as  a  secondarj- 
T-esult  of  the  shoriening  of  the  ilio- femoral  ligaments  produced 
fcv  backward  rotation  ()f  tlic  peKis  ( to  compensate  for  tho  lor- 
Ward  rotation  of  the  sacnini )  nr  more  simply  as  an  casv  method 
of  relaxing  the  weak  ilio-psoas  muscies  and  preserving  the 
centre  of  gravitv-  As  the  thighs  flex  the  knees  separalc,  the 
femurs  rotate  oiitwar<l  on  their  onn  axes,  ihe  line  of  gr;nity 
lalls  to  the  inside  of  the  centre  of  the  knee-joint  ( Fig.  42«").  the 
pressure  is  greatcsi  nn  the  inner  condvle  and  tuberosiiv,  the  strain  conies  upon  the 
external  lateral  ligament.  and  the  outuard  bowing  begins  and  is  continued  by  the 
le\'erage  of  the  body  \veight. 

Gftu  rerurra/iim — "  back-knce" — is  a  deformhy  in  wliich.  as  a  result  of  intra- 
nterine  malposition.  or  of  congenital  paralysis  of  the  flexors  and  poplitens.  or  of 
pres.sure  brought  upon  the  posterior  and  crucial  ligaments  in  ualking  in  a  casc  of 
partial  paratysis  of  the  quadriceps,— the  limb  bcing  swung  for«ard.  the  ht.-el  coming 
to  the  ground  in  fuil  estension,  and  the  «eight  of  the  biidv  reaching  the  joinl  in 
front  of  its  centre  of  gravitv. — the  knce  is  bent  backwardand  the »liole  limb  presents 
a  long  cur\e  with  its  concaviiv  for»ard. 

In  excisim  of  the  knce  the  linw  of  the  epiphvsis  should  be  remenibered  if  the 
patient  is  under  twenty  or  iwcnly-f'ne  vears  of  agc  (page  ,165  1,  the  rclation  of  the 
femoral  vessels  to  the  posterior  ligament,  the  situation  and  extenl  of  the  synovial 
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pouches  (which  in  infectious  cascs  are  iisuully  involved ),  the  direction  of  the  articular 
line  (uith  which  the  saw  cut  should  be  parallel),  aiitl  somedmes  the  possibilit/  of 
infcction  of  the  neighborinj;  bursa:. 

Landmarks. — The  synovial  membrane  rises  from  (our  to  five  centimelres 
(one  and  a  half  to  t«o  inches)  above  the  upper  border  of  the  patetU  ;  it  is  higher 
on  the  inner  than  on  the  outer  side  of  the  thigh  ;  Its  upper  limit  deacenda  in  flexion 
oi  the  knee. 

The  bony  points  have  been  described  in  connection  with  the  femur  and  ttbia 
(pages  367,  390)  ;  the  bursEB  will  be  describi;d  later. 

The  Patelia. — Congcnilal  absenre  of  the  |>atella  on  one  or  lK)th  sides  has  been 
noted  in  a  number  of  instances,  and  has  in  some  cases  been  observed  in  several 
meinhers  of  the  same  famil>'.  The  functional  disability  vas  slight  or  altogether 
tmnoticeable. 

Fradtire  by  muscular  action  is  more  (.-ommon  in  this  bone  than  in  any  bone  of 
the  skeleton.  It  ocfiirs  usually  with  the  Ior  in  partial  flexion  upoii  the  knee.  In 
this  position  fracturt;  is  fa\ored  because  ( i )  the  ligamentum  patcltse  is  then  taut 
and  fixes  the  Iowcr  edge  of  the  bone  ;  (2)  tht;  patelia  is  in  contact  only  through  the 
up|ior  third  of  its  convex  undcr  siirface  with  the  most  prominent  part  of  the  articu- 
lar surface  of  ihe  condyle3  (Fig.  429) ;  and  (3)  at  this  tirne  the  quadriceps  cxtt:nsor 
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has  the  greatest  ad\antane  of  le\erage  ii[)on  the  patelia,  as  when  the  knee  is  luUy 
ln-nt  the  miisclc  geta  its  leverage  for  the  tK-ginnin^  <if  e.itension  through  the  projec- 
lion  of  the  front  of  the  condvles,  and  the  patelia  lics  on  the  [)ad  of  fat  between  (he 
femur  and  tibia  (Fig.  430).  and  when  the  knee  is  almost  or  qnite  extended.  ihe 
]>atella — ur  threc-fourths  <>f  it — occnpics  the  depri-ssion  of  tlio  trochlea,  or  even  that 
just  alxive  it.  As  a  result  of  the  cross-strain  broiight  to  bear  in  the  partia]ly  flexed 
position  the  bone  usually  breaks  transversely  a  little  belim-  its  mid-line, — i.f.,  through 
the  area  unsiipported  by  the  femur  l>eneath  (Fig.  429).  Occasionally  it  gives  way 
at  a  liigher  level. 

Tlie  acoident  mav  happen  as  the  restilt  nf  a  fall,  but  the  fall  is  more  apt  tO 
fi>lIow  than  ti>  precede  the  fracHire.  In  ordinarv  falLs  H]K>n  the  knee  the  force  b 
receiv«!  iipon  tho  luln-rcle  of  the  tiliia,  not  ii|>on  the  patelia, 

Dirett  violencv  ofton  caiiscs  an  irregular.  comminuted,  or  stellate  fracture. 

Fraclnre  ne\er  iiccure  in  children  an<l  is  extreniely  rare  lx.fore  adult  llfe. 
\Vhen  the  Imne  is  broken  the  fragments  an-  iiiimed)ately  separated  by  the  action 
iif  ihe  t]iiadrii-i'|>s  n|Km  the  iip|«-r  one.  The  d<yri'e  of  thiir  scparation  »-ill  de- 
jienil  iijion  the  amoniit  of  laceration  of  the  lateraj  a|H>nenro|ic  ex|Kmsions  of  the 
con)oine<l  icmlon.  Tnlcss  that  libroiis  stnutiiri'  is  tom.  no  great  separation  o( 
the  Iragnients  can  oeeur,  as  it  is  inserted  inlo  the  borilers  an^l  front  of  the  patelia, 
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which  is  thus  embedded,  as  it  were,  in  a  hood  spread  out  over  the  front  of  the  joint 
and  extending  to  the  lateral  lig^aments  and  to  the  oblique  lines  running  up  from  the 
tubercle  to  the  tuberosities  (Fig.  424J.  The  force  causing  the  fracture  in  cases  of 
direct  violence,  or  atmospheric  pressure  on  the  front  of  the  knee  if  the  fracture  was 
Irom  muscular  action,  drives  in  bctween  the  fragments,  as  they  separate,  in  the 
shape  of  shreds  or  of  an  irregular  fringe,  portions  of  that  part  of  the  rectus  tendon 
which  was  inserted  into  the  longitudinal  grooves  or  striae  on  tht  anterior  surlace  of 
the  bone.  These  ofier  an  obstacie  to  bony  union.  As  the  synovial  membrane  of 
the  knee-joint  lies  in  contact  with,  and  is  attached  to,  the  under  surface  of  the 
patella,  it  will  usua]ly  be  lacerated, — i.e..  the  knee-joint  will  be  opened  and  the 
fragments  surrounded  by  bloody  synovial  ffuid.  The  synovial  membrane  is  re- 
flected  from  the  patella  some  distance  above  the  apex  of  the  bone  ;  hence  a  fracture 
may  occur  at  that  level  without  involvement  of  the  joint.     The  pad  of  fat  on  which 
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*^e  tip  of  ihp  bone  rcsts,  and  over  which  the  membrane  is  reflected,  may  aid  in 
^ving  the  joint  Irom  injury. 

The  common  lailurc  to  get  bony  union  bv  non^operativc  methods  is  thus  seen 
to  be  due  to  ( i )  separ.ition  of  the  fragments  by  the  quadriceps,  ( 2)  the  interposition 
of  portions  of  the  capsule,  (3)  the  presence  ol  blond-clot  ;ind  svnovial  fluid.  and  is 
supposed  to  be  lurther  f.-ivored  by  (4)  the  sesamoid  character  of  the  bone  inclining 
it  to  unite  by  fibrous  rathcr  ihan  by  bonv  tissue.  It  h;is  bcen  asserted,  hoivever 
(Wirth),  that  the  patella  is  a  detached  portion  of  tho  upper  tibial  epiphysis  and  not 
a  tnie  sesamoid  bone. 

As  non-iinion  is  common  on  acconnl  of  the  nl)Ove  anatomical  conditions,  oper- 
ative  measures  are  oltcn  resortcd  to.  In  the  open  operations  use<i  in  old  united 
fractures  the  fraRmenis  .ire  drillcd  obliqnely  from  a  half-inch  above  and  l>elow  the 
line  of  fracture  to  junt  aluive  tlic  cartilajrinous  under  surface,  so  that  the  wire  used 
to  hold  them  together  does  not  lie  in  the  joint. 
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To  approximate  the  fragments  elevation  of  thc  limb  somctimcs  sufiices,  but 
occasionallv  partial  scction  of  the  lateral  expansions  of  thc  (|uadriceps,  of  the  rectus 
tendon,  and  of  the  muscle  itself  will  be  required  as  successive  steps. 

In  the  best  of  the  operations  used  in  recent  fractures,  and  which  do  not  widely 
open  the  joint,  a  silk  or  silver  Hgature  is  carried  through  an  incision  at  the  lower 
l>order  of  the  patella  behind  that  bone  and  betvveen  it  and  the  trochlear  groovc 
in  the  femur,  is  brought  out  through  an  incision  at  the  upper  border,  rethreaded 
on  a  needle  with  an  eye  near  the  jjoint,  brought  dovvn  in  front  of  the  patella, — 
beneath  the  skin, — and  tied  or  t\visted  so  as  to  hold  the  fragments  together.  The 
blood-clot  and  synovial  exudate  are  squeezed  out  through  the  two  incisions  ;  the 
entangled  capsuhir  fibres  are  removed  by  attrition  of  the  fractured  surfaces  against 
each  other.  These  operations  are,  of  course,  not  appHcable  to  old  fractures  in 
\vhich  shortening  of  the  muscle  has  taken  plače  and  approximation  and  forcible  rub- 
bing  together  of  the  fragments  are  inipossible. 

Operations  for  recent  fracture  by  open  arthrotomy  permit  the  direct  removal  of 
the  fringe  of  interposed  tendinous  and  capsular  fibres  and  the  repair  by  suture 
of  the  rents  in  the  aipsule  and  in  the  lateral  expansions  of  the  quadriceps.  The 
patellar  fragments  may  also  be  sutured,  but  this  is  not  always  necessary. 

Dislocation  of  the  patella  usually  occurs  from  muscular  action  and  as  a  conse- 
quence  of  sudden  contraction  of  the  quadriceps. 

The  displacement  is  commonly  in  the  out\vard  direction  because  the  long  axis 
of  the  quadriceps  muscle  and  tendon  is  inclined  to  that  of  the  ligamentum  patellae 
in  such  a  \vay  that  the  lK)ne  is  situated  at  the  apex  of  an  obluse  angle  which  opcns 
outvvard.  When  the  quadriceps  contracts  the  tendency  is  to  straighten  this  anglc. 
— IX,  ^  to  carry  the  patella  out\vard, — and  this,  aided  by  the  greater  strength  of 
the  vastus  externus  as  compared  \vith  that  of  the  inner  vastus,  is  more  than  suf- 
ficient  to  overcome  the  resistance  offered  by  the  greater  prominence  of  the  extemal 
condyle,  as  well  as  the  relatively  more  extensive  insertion  of  the  vastus  internus  into 
the  inner  margin  of  the  patella.  The  bone  may  even,  as  in  one  recorded  čase, 
be  carried  entirelv  past  the  condyle,  so  as  to  lie  l)ehind  the  centre  of  motion  of  the 
knee  when  the  joint  is  bent,  thus  causing  the  quadriceps  extensor  to  act  as  a  flexor 
of  the  leg  on  the  thigh. 

The  external  articular  facet  on  the  under  surface  of  the  patella  is  larger  than  the 
internal.  The  patella  is  in  relation,  therefore,  chieflv  \vith  the  external  condyle,  and 
even  if  dislocation  occurs  from  direct  violence,  it  is  more  likelv  to  lxi  driven  in  that 
direction  (Humphrv).  If  it  has  once  p.issed  In^vond  the  edge  of  the  ouler  condyle 
— a  "complete"  luxation  necfssarilv  attended  by  laceration  of  the  capsule — it  is 
less  likelv  to  be  replaced  than  if  it  had  gone  in  the  opposite  direction,  because  of  {a) 
the  resistance  offered  by  the  prominence  of  the  condvle  itself  and  (/^)  the  greater 
comparative  strength  of  the  vastus  externus. 

Out\vard  luxation  is  not  vcrv  rare  in  cases  of  genu  valgum,  and,  per  contra,  in 
congenital  cases  of  patella  luxation  and  in  unreduced  traumatic  luxations  genu 
valgum  has  foll<)wed  (  Makins). 

The  patella  mav  br  displared  invvard  by  direct  force.  It  is  sometimes  tumed 
on  QA'^ii  bv  a  force  insufhcient  to  dislocate  it  comf)letely,  and  is  held  in  that  position 
by  the  tension  of  the  s<^ft  parts  attached  to  it  and  l)y  the  pressurC  of  the  over- 
Iving  fascia,  **like  a  stick  on  end  under  a  tightlv  stretched  sheet"  (Stimson).  In 
flexion  of  the  knee  the  patella  lies  deeply  in  the  depressi<»n  lx*tvveen  the  condvles 
and  the  quadriceps  tendon  is  on  the  stretch.  The  bone  is  therefore  somewhat 
removed  from  danger  of  dirctt  violence,  and  is  steadied  and  fixed  by  the  qtiadri- 
ceps  muscle.  In  ext<Mision  the  j»at<*lla  rests  on  the  trochlear  surface  of  the  femur 
<»!ily  by  its  lower  margin  :  it  is  more  prominent  and  thus  more  exposed  to  force 
<liriTtly  applied  :  thr  (jnadriceps  is  n*lax<'d,  K*aving  the  bone  freely  movable. 
For  ihese  reasons  extension  is  the  position  in  \vhich  dislocation  most  commonly 
occurs. 
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THE   FOOT. 

The  framework  of  the  foot  consists  of  the  tarsus,  metatarsus,  2Lnd  phaianges, 

'H'hich  differ  in  their  proportionate  size  from  the  corresponding  divisions  of  the  hand. 

Thus,  in  the  latter  the  carpal  region  is  the  shortest  and  that  of  the  phalanges  the 

longest,  equalling  almost  precisely  the  other  two  ;  in  the  foot,  on  the  contrary,  the 

^•ej^ion  of  the  phalanges  is  the  shortest  and  that  of  the  tarsus  makes  about  half  the 

^ntire  length.     The  tarsus  differs  also  in  its  arrangement  more  than  the  carpus  from 

C.he  primitive  type.     The  tarsal  bones  may  be  considered  as  divided  into  two  lateral 

divisions  :  an  outer  series  of  two  bones  bearing  the  two  outer  toes,  and  an  tnner 

^eries  of  five  bearing  the  three  inner  toes,  so  placed  that  the  proximal  bone  of  the 

isiner  part  rests  on  top  of  the  proximal  of  the  outer.     The  outer  side  of  the  skeleton 

the  foot  rises  but  little  from  the  ground,  while  the  inner  is  highly  arched. 
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The  tarsal  bones  are  the  calcajieum^  or  os  calcis,  the  heel-bone  ;  the  cuboid,  which 
<vw'ith  it  forms  the  outer  division  ;  the  astragalus,  or  talus,  \vhich  joins  the  leg  ;  the 
^^aphoid^  placed  between  the  asiragalus  and  the  three  cunei/orm^  which  bear  the 
tlvee  inner  metatarsals. 

THE   CALCANEUM. 

The  calcaneum  *  is  a  narrow  elongated  bone  form  ing  the  heel,  supporting  the 

astragalus,  and  joining  the  cuboid  in  front.     It  has  six  surfaces.    The  inferior  sur- 

face  presents  at  the  back  a  swclling  subdivided  into  the  intemal  and  extemal plan- 

(ar-  iubercUs^  of  which  the  former  is  niuch  the  larger,  forming  the  posterior  pier  of 

the  foot.     These  tubercles  are  continuous  at  the  posterior  horder,  in  front  of  which 

a  de^p  notch  divides  them.      Each  appears  on  its  side  of  the  bone.     In  front  of 

thesc  the  lower  surface,  convex  from  side  to  side,  is  marked  by  longitudinal  grooves. 

^^a.r  the  front  is  the  anterior  tubercle,  a  small  swelling,  from  which  and  from  a 

^^pression  near  it  arise  calcaneo-cuboid  ligaments.       The  posterior  surface  is 

roijgrhiy  oval  with  the  small  end  up.     The  tendo  Achillis  is  attached  to  a  roughness 

<x^oi.ipying  its  lower  half,  above  which  the  bone  slants  for\vard  and  is  smooth  for  a 

b«Ji-sa  between  it  and  the  tendon.     The  lower  part  of  the  posterior  surface  is  con- 

tiriu^3us  with  the  plantar  tubercles.     The  internal  surface  is  smooth  and  concave  ; 

'^'"   tlie  internal  tubercle  projects  strongly  in\vard,  while  in  front  and  above  there  is 

^    sHdf-like  process,  the  sustcntaculnm  tali,  to  supj)ort  the  head  of  the  astragalus, 

^|^'^t:ing  downward  and  foruard.     Beneath  this  is  a  slight  groove  for  the  tendon  of 

J^^     ^<5ng  flexor  of  the  great  toe.     Lower  down  near  the  front  border  a  depression 

^^'"  ^  ligament  to  the  cuboid  runs  down  in  front  of  the  anterior  tubercle.     The  ex- 

^^''^^al  surface  is  the  longest.      It  presents  about  its  middle  a  vague /w^rrr/^' for 

tri^    middle  bundle  of  the  outer  lateral  ligament  of  the  ankle,  and  nearer  the  front 

*    *^rger  one,  \\\(t  peroftea/  spine.     \Vhcn  well  marked  this  is  a  ridge,  covered  with 

^'^ilage,  slanting  do\vn\vard  and  foruard,  separating  two  grooves  for  the  tendons  of 

^^    p)eroneus  longus  and  brevis.       The  outer  posterior  plantar  tubercle   projects 

s*^rnewhat  on  this  side.      Rather  more  than  the  anterior  two-thirds  of  the  superior 

?^^facc  are  devoted  chieflv  to  the  joints  with  the  astragalus  ;  the  posterior  portion 

**    convex  from  side  to  side  and  concave   from  before  backward.     There  are  two 

^V^Kular  facets  :  the  posterior  facet,  the  larger,  a  vaguelv  four-sided  s\velling,  occu- 

P*Os  the  middle  of  this  surface.      Its  long  axis  runs  for\vard,  do\vn\vard.  and  out- 

^•^rt.      It  is  convex  in  this  direction.     The  upper  inner  end  is  the  broader,  and 

"^^r  it  the  facet  is  verv  oftcn  concave  at  right  angles  to  the  long  axis,  but  in  the 

*J?^in  it  is  about  plane  in  that  direction  and  mav  be  even  slightly  convcx.     The  anterior 

J^^<et,  long  and  narrow,  concave  from  before  back\vard,  runs  forvvard  and  outuard, 

"^^rly  parallel  to  the  long  axis  of  the  former.      It  begins  internallv  on  the  top  of  the 

^^tentaculum  and  ends  at  the  most  anterior  point  of  the  bone.     In  about  half  the 

this  surface  is  sulKiivided  into  two,  and,  as  a  rule,  when  it  is  not  there  is  a 
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■  notch  in  the  free  border  just  at  the  end  of  the  sustentaculum,  Occasionally  the 
facet  in  front  of  the  interniplion  is  rudimentary  or  wanting,  in  which  čase,  instead 
of  articular  cartllage,  merely  synovial  membrane  is  beneath  the  head  of  the  astraga- 
lus.  In  200  feet  we  have  found  the  lacet  single  In  95,  divided  in  94,  and  in  1 1  the 
front  was  wanting.  The  two  chief  facets  (counting  the  anterior  as  one,  even  if  sub- 
«Jivided)  are  separated  by  a  deep  groove  for  the  interosseous  ligament  to  the  astrag- 
£ilus.  This  gutter  broadens  in  front  into  a  rough  dcpression,  the  sinus  larsi,  lor 
ligamcnts.  At  its  outer  part  there  is  a  tubercle  for  the  origin  of  the  extensor  brevis 
^igitorum.  The  anterior  stirface,  turned  somewhat  inward,  is  wholly  articular 
tfor  the  cuboid.  It  is  three-sided  with  rounded  angles.  The  longest  diameter  is 
^rom  above  downward  and  outward,  nearly  parallel  with  the  inner  border.  The 
ajpper  border  is  straight  or  convex,  overhanging  the  joint  at  the  inner  side.  The 
*::»uier  border  slants  a  little  inward  as  it  descends.  The  surtace  is  concave  from 
^bove  downward  and  convex  transversely.     Both  these  curves  are  most  marlced  at 
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^^  ^Jpper  inner  angle,  where  they  form  ahiiost  a  groove  for  the  plantar  process  of 
y?*  ^uboid.  The  general  eRect  is  of  a  scrcw  siirface  tivisting  iipvvard  and  inward. 
.  "^  ^ralcaneum  articulaics  with  t\vo  bones,  the  ciibnid  and  the  astragalus,  and  excep- 
"ons^I|y  with  the  scaphoid,  to  which  it  ni;iy  be  iinitcd  by  cartilage. 

'Variations. — The  hind  end  of  the  stistentacuhim  is  very  rarcly  a  separate 
P'ece  :  os  sttstentaculi  proprium.  The  inner  edge  of  the  front  of  the  bone,  \vhich 
''"'■iria]ly  comes  very  near  to  the  sc;iphnid,  may  meet  it.  Sometimcs  the  two  lionca 
^  ffused.  The  calcaneum  secundarium  is  a  small  ossicie  rarely  present  on  the 
'*'^Uni  bettteen  the  calcanenm,  the  cuboid,  the  scaphoid,  and  the  head  of  the 
'^^fajralus.  Fusion  of  the  calcaneum  and  astragalus  has  been  observed  at  the  sus- 
tent^cnlum. 

Structure. — The  ualls  are  thin.  the  canccllated  tissiie  filling  the  bone,  with  a 

^<iency  to  the  formation  of  large  spaccs  at  the  middle.     The  archiiectural  arrange- 

"*^nt  is  very  clear  in  an  aniero-poslerior  section,  which  shows  divei^ing  plates  from 
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thc  fp-cater  ariicular  fucct  for  thc  astraf^lus  and  a  system  uf  loops  connecting  them. 
Tht  largc  sjiaces  art  at  tlie  neutral  poiiit. 


Development.— Thc  chid  iiuduus  is  said  tii  ;i])pt-ar  in  thc  sixth  month  cd 
fcetal  lifc.  We  have  iwice  scen  it  earlier, — once  at  aljout  the  tourth  month.  An 
ei)ij)hysis  for  ilu'  back  of  the  bone  and  thc  posterior  plantar  luberdt-s  appeani  (rom 
the  seventh  to  the  tenth  )ear.  U  begins  to  fuse  by  tificen,  complcting  the  process 
in  !i  ycar  ()r  so. 

THK  cruOID. 
The  cuboid  '  is  a  six-sided  bone,  tlattened  from  abovc  do»nward,  interposcd 
betft-een  the  calcanciini  and  the  fonrth  and  fifth  invtatarsal  l)ones.  It  is  important 
to  reincmber  that  the  diireial  surCace  faces  almost  as  much  outvard  as  it  does  upuard. 
Thf  dorsal  surface,  sli^htlv  ronjih,  has  thc  following  outlinc  :  an  o\Alt\viG posterior 
border  a^ainst  thc  calcancum.  which,  thotigh  most  ofien  convcx,  may  be  concave, 
siniious,  or  straijjht  ;  a  -short  oitter  conca\e  one  :  an  inUrnal  one,  at  firet  straight 
when  afTiiiiist  thc  scaphoid,  and  slantin^  outvani  whcn  a^ainst  the  cxternat  cunei- 
iorni  :  and  an  anierior  one,  slanting  outuard  and  backuard.     Thc  plantar  surface 
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part  of  which  is  coated  with  cartilage.  The  external  surface  of  the  bone  is  deeply 
notched.  The  internal  surface  is  mosily  rough,  but  presents  at  about  the  middle 
an  articular  f<uet  for  the  external  cuneiform,  broad  above,  nurrow  beloiv,  and  not  usu- 
aJly  reaching  the  plantar  surface.  Commonly  another  smaller  facet  for  the  scaphoid 
is  found  behind  this  one,  from  which  it  is  separated  somciimes  completely.  but  more 
often  merelyby  a  ridge,  which  makes  no  real  interruption.  The  anterior  surface, 
articular  for  the  bases  of  two  metatarsals,  has  an  inner,  an  upper,  and  a  loiver  border, 
the  two  latter  meeting  at  a  rounded  angle  externally.  A  faint  vertical  ridge,  nearer 
the  inner  than  the  outer  border,  usiially  divides  this  facet  inlo  an  inner  oblong  and 
a»n  outer  triangular  part  for  the  tourth  and  fifth  bones.  The  curves  of  ihese  arlicu- 
lations  vary  greatly  ;  sometimes  both  parts  are  concave  from  ahove  do«nward  ; 
^omelimes  both  are  practically  plane.  The  posterior  surface,  entirely  articular, 
i^  the  complement  of  the  front  of  the  os  calcis,  The  cuboid  articulates  with  the 
^ralcaneum.  the  external  cuneiform,  the  fourth  and  fifth  metatarsal  bones,  often  with 
X.  l^e  scaphoid,  and  at  times  \vith  the  astragalus. 

Development. — There  is  but  one  centre,  appearing  at  about  birth  ;  in  our 
^  jiperience,  more  often  after  than  before. 
For  Secondary  Cuboid,  see  Scaphoid. 

THE  ASTRAGALUS. 
The  astragalus, '  or  talus.  is  a  \erj-  irrcgiilar  bone  devoled  almost  wholly  to 
^nicular  surfaces.  It  is  enclosed  above  by  the  socket  of  the  leg  bones.  Its  main 
f:>i»rt,  or  body,  rests  on  ihe  calcaneum,  and  presents  in  front  a  constricted  neck 
l:>e'aring  a  rounded  head,  projccting  forward  and  inivard  iiilo  the  holloiv  on  the  back  of 
t  Jie  scaphoid.  The  upper  surface  presents  a  puUev-hke  articular  facet  covering  the 
g^reater  part  of  the  bone,  convex  from  before  Itackward.  slightly  concave  transversely, 
<leci<ledly  broader  in  front  than  behind.  The  cartilage  covering  it  is  continued 
<lc»w-n  on  either  side  to  meet  the  articular  surfaces  of  the  malieoti.     The  inner  border 


Fig,  436. 


**  *Oc  upper  articular  surface  is  distinct,  but  generalk-  not  sharp  ;  ihc  outer.  »hich 
reacHes  highcr,  is  beltcr  dc(ini-d  in  the  region  just  anterior  to  its  middle,  but  behind 
°p.^He  dry  bone  it  seems  rounded.  A  very  weU-niarked  bone  sho«s  Cwhat  is  very 
smKing  in  the  freshlv  opencd  joinl )  that  this  Miinted  cdgc  is  reallv  a  narrow  tri- 
^SUlar  area  belonging  tu  the  su])erior  surface.  broadest  behind,  madc  apparenily 
"y  '^be  pressure  of  the  posterior  tibio-libuhir  ligimient  frocn  the  e.\lernal  malleolus  to 
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the  back  of  thc  tibia.  A  much  smallcr  similar  surface  is  foiind  at  thc  front,  made 
by  the  corrcsponding  anterior  liji^amcnt.  The  dircction  of  the  anterior  border  of  thc 
articular  surface  is  very  uncertain.  It  usually  projects  forward  at  the  outer  end,  the 
rest  being  either  transverse,  posteriorly  concavc,  or  oblique.  J  ust  anterior  to  it  is  a 
deep  transverse  hollovv  on  the  upper  surface  of  the  ncck,  which  receives  the  edge  of 
the  tibia  in  extreme  dorsal  flexion  of  the  foot.  The  posterior  border  of  the  articular 
surface  is  also  of  uncertain  shape.  Its  inner  end  is  usually  somewhat  farther  hack 
than  the  outer.     Hehind  it  two  rough  tubercles  project  backward,  slanting  down  to 

Fig.  437. 


Sustentaculun 


For  scaphoid 


For 
susteiitaculum 


For  lij^ment 


Calcaneum  Astragalus 

Type  of  calcaiieo-astraKaloid  joint  with  ati  undividcd  anterior  articular  facct  on  calcaneum. 

a  posterior  sharp  edge.  Between  them  is  a  deep  groove  for  the  tendon  of  the  flexor 
longus  hallucis,  running  obliqucly  downward  and  inward.  The  outer  tubercle, 
which  is  much  the  larger,  is  sometimcs  separatcd  by  a  suturc  froin  the  rest  of  the 
bone,  and  is  then  knovvn  as  the  os  tri^onum.  The  inner  tul)ercle  may  be  bare]y 
distinguishable.  This  region  behind  tlie  superior  articular  facet  is  sometimes  de- 
scribed  as  the  posterior  surface  of  the  bone.  The  external  surface  of  the  body 
shows  the  triangular  facet  for  the  outer  nuilleolus,  concave  from  above  downward, 


Fig.  438. 


Synovial  not  cartilaKinou? 


Sustentaculum 


For  icaphoid 


For  intemal  calcanco- 
scaphoid  liKameni 


For  Busteniaculum 


l':iKaiit  um 


Astragalus 


T>'pe  nf  calcaneo-astraRaloiil  joint  when  anterior  facet  on  «-:ilcniicun)  is  not  only  dividcd  but  has  front  portion 

rudiineiitaty. 


wilh  the  l<)wer  end  projccting  (>utward,  plane  or  C(>nvex  fn^m  l)efore  backward. 
This  is  lM>undfd  hefore  and  beliind  hv  a  rouijh  strip,  \vith  a  h()llow  at  the  upper 
ends  for  thc  front  and  back  hundUs  of  thc  cxtcrnal  liganicnt  of  thc  ankle.  The 
internal  surface  has  at  thc  top  a  narrow  ciirvcd  facet  for  the  inntrr  malleolus.  wilh 
a  conc.ivc  lovvcr  Inirdcr,  dccpcst  in  front  and  ]H»intcd  behind.  A  part  of  the  interna! 
latcral  lij^^anicnt  is  inscrtcd  into  a  hollow  bclou  it.  The  inferior  surface  of  the 
bodv  prcscnts  a  foursidcd  facet.  concavc  in  thc  line  of  its  long  axis,  \vhich  is  ohlique, 
corrc^pondiii;^'  to  that  of  thc  j^reater  surface  on  thc  top  of  the  calcaneum.  In  front 
of  antl  parallcl  to  this  is  a  dccj)  i^roo:r  ft»r  thc  intcrosscous  litjament,  expanding  at 
ihr  outer  end  into  a  trianj^ular  holU)\v  on  the  undcr  side  of  the  neck.      This  is  a 
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constricted  portion,  much  broader  transversely  than  vertically,  connecting  the  head 
with  the  body.     It  often  presents  a  groove  along  the  upper  and  inner  aspect  near 
the  articular  surface  of  the  head  for  the  insertion  of  the  Hgament  passing  to  the 
scaphoid.     The  head,  which  points  forward  and  inward,  is  articular  in  front  and 
below.    The  antcrior  surface,  which  fits  into  the  hollow  on  the  back  of  the  scaph- 
oid, is  vaguely  oval,  with  its  long  axis  running  downward  and  inward.     The  upper 
edge,  parallel  with  this,  is  nearly  straight.     The  articular  surface  of  the  head  ex- 
tends  onto  the  under  side,  reaching  to  the  deep  groove  separating  the  neck  from 
the  pKDSterior  facet  for  the  calcaneum.      On  a  fresh  bone  the  cartilage  shows  the 
following  facets,  which  are  less  well  inarked  on  a  macerated  one  :  a  facet  on  the 
front  of  the  head  to  fit  into  the  scaphoid  ;   one  on  the  lower  and  inner  side  to 
rest  on  the  anterior  articular  facet  of  the  top  of  the  calcaneum*;  one  partly  between 
these,  which  in  the  dried  bones  would  be  free,  appearing  between  the  sustentaculum 
and  the  scaphoid,  but  in  life  resting  on  the  inferior  calcaneo-scaphoid  ligament, 
which  is  partly  covered  with  cartilage  and   elsewhere  with  synovial   membrane, 
forming  a  part  of  the  socket.     The  cartilage  on  this  surface  is  distinguished  by  its 
thinness.     These  facets  are  modified  according  to  the  arrangement  of  those  on  the 
calcaneum.     If  there  be  but  one  long  anterior  facet  on  both  sustentaculum  and  on 
the  end  of  the  body  of  the  calcaneum,  the  facet  on  the  head  for  the  anterior  facet 
of   the  calcaneum  reaches  that  for  the  concavity  of  the  scaphoid  in  front,  leaving 
internally  a  triangular  interval  betvveen  the  two,  occupied  by  the  facet  for  the  liga- 
ment (Fig.  437).     In  the  other  extreme  (Fig.  438),  vvhere  the  anterior  facet  on 
the  calcaneum  does  not  reach  beyond  the  sustentaculum,  the  area  of  the  head  rest- 
ingf  against  the  ligament  completely  separates  the  two  others  and  plays  on  that  part 
of  the  calcaneum  where  the  anterior  articular  cartilage  should  be.      Finally,  when 
the  anterior  facet  on  the  calcaneum  is  divided  into  two,  the  corresponding  facet  may 
be    completely  subdivided  by  an   interruption  of   the  cartilage,  or  in  less  marked 
fomris  there  may  be  merely  a  ridge  breaking  the  surface  into  two,  but  without  sepa- 
ration  ;  such  a  ridge  is  often  found  evcn  when  the  opposed  articular  surface  is  not 
divided.    The  lines,  however,  on  the  head  of  the  astragalus  do  not  strictly  correspond 
to  the  boundaries  of  these  surfaces.     The  astragalus  articulates  with  four  bones, — the 
tibia,  fibula,  calcaneum,  and  scaphoid. 

Development. — The  nucleus  probably  appcars  at  about  the  seventh  month  of 
f  C£tal  life.     When  the  os  trigonum  occurs,  that  implies  another  centre  for  the  ex- 
rnal  tubercle  and  the  part  of  the  articular  surface  under  it. 

The  deviation  of  the  axis  of  the  neck  from  that  of  the  long  axis  of  the  bone 

considerably  among  individuals,  but,  nevertheless,  changes  during  develop- 

In  the  adult  the  angle  varies  from  o  to  24°,  the  mean  of  fortv-three  bones 

ing  12.32*^.      In  the  fcetus  (presumablv  at  term)  the  angle  ranges  from   17.5°  to 

.5*,  the  mean  of  twenty-two  bones  being  35.76°.* 


THE   SCAPHOID. 

The  scaphoid,*  or  navicular,  mav  be  compared  to  a  disk,  concave  l>ehind  where 
it   fits  onto  the  head  of  the  astragalus,  convex  in  front  \vhere  it  rests  on  the  three 
c\ineiform  bones.      It  is  thinner  at  the  outer  end,  \vhere  it  touches  the  cuboid,  than 
the  inner,  where  it  presents  the  tuberositv.     The  superior,  or  dorsal,  surface 
long  transversely.      Its  postcrior  border  is  regularlv  concave,  the  anterior  slightly 
Scalloped,  presenting  t\vo  small  points  ])rojecting  forvvard  on  either  side  of  the  mid- 
<ile  cuneiform.     \Vhen  in  position  the  highest  point  on  the  scaphoid  is  behind  that 
bone.      The  greater  part  of  the  dorsal  surface  slants  down\vard  on  the  inner  side  of 
the  foot.     The  inferior,  or  plantar,  surface  is  rough,  and  in  the  niain  transverselv 
Concave.     The  tuberositv  at  the  inner  border  for  the  attachment  of  a  part  of  the  tibi- 
alis  posticus  muscle  is  a  knoh  formed  by  the  jnnction  of  the  dorsal  and  plantar  sur- 
faces, and  projecting  do\vnward  chieflv  into  the  šole  of  the  foot.     The  end  of  the 
knob  is  sometimes  distinct  from  the  scaphoid,  and  is  known  as  the  tibiale  e.rtcmum, 

■  C.  L.  Jnrudder  :  Conjc^iiital  Tali|x*s  F(|iiino-\'ariis.  Ik^ston  Med.  and  .Siirjj.  Joiirn.,  vol. 
ii.,  1887.  Parker  and  Shattock  :  The  Patholojfy  and  Ktioloj»:y  <.»f  Conjijenital  CUib-Foot,  London, 
1884. 

'Os  navicalare  pcdiii. 
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Its  kli^ntit)'  is  quite  cvident  in  cases  in  wliich,  though  fuscd,  it  projvcts  as  a  hoolc. 
It  ny.iy  bt.-  rc']>rc!90iited  by  i\\v  susamoid  bunv  in  thu  tcndon  of  the  tibialis  {Kisticus. 
Ntiir  ihc  uuttT  tnd  <if  the  planlar  surfacc  thcrt-  is  almost  always  a  sUtjht  projection 
by  the  side  nt  tho  culxiid  whicti  may  bt  vt:ry  much  dt;velopcd,  cxH;nding  to  near 
thu  ni>tch  In  front  uf  the  sustcniaculuni  of  the  calcanouin,  in  which  čast,-  it  is  known  as 
thv  stiondarv  fuboid.  The  external  surface  is  narron-  and  rough.  rcstJn^  against 
the  cuboid,  with  uhich  it  articulatcs  in  aliviut  half  the  cases  l>y  a  facet  near  the  dor- 
smn,  wliii'h  rarely  extcnds  far  touards  the  sok-.'  The  posterior  surface  is  con- 
ca\e.  in  the  niaiu  i>val  and  com|)letely  articiilar.  L'siially  the  rcgularity  of  the 
hnver  border  is  in  term  p  te«  I  near  the  ()uter  part  by  the  e.\tcrnal  knoh  of  the  plantar 
Biirface.  If  this  lie  nuich  developed  the  slia])e  of  the  posterior  surface  is  changcd 
(roni  oval  inio  <|uadrHateral.  biit  it  is  iilnavs  articiilar  throu^fhuut.  The  anterior 
surface  is  sli^^htlv  convex  and  entirely  articular,  cxcept  when  the  process  just  inen- 
tioneil  is  so  targe  as  to  aj>pear  below  it.      ihe  articular  surface  is  divided  into  three 
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RlKhi 


RiKhi  H-aiihniil  Iriim  m 


laccts,  in  tlic  main  triangular,  corrcspondinu  to  the  oiitlinc  of  the  1>ases  of  the  three 
cniieiform  l>ones.  The  character  ol  thcsc  facets  is  not  constant  :  the  inner  is  usually 
convex  an<l  the  onter  concave. 

The  scaphoid  articulatcs  with  tlic  astragaliis,  the  three  cuneiform  boncs,  often 
ttith  the  cuhoid,  and  exceptinnally  it  touihes  or  joins  the  calcanoum.  The  jcrimtAiri- 
cuhoid,  alm\e  alltided  to,  has  Imt  oiice  liten  scen  Isolated,  altlioii^h  we  ha\e  met  with 
one  foot  in  »liirh  it  secnied  |>ossible  that  it  mi^ht  havc  been  <listinct  earlier.  It  is 
fnsed  "ith  eithcr  the  culx)id  or  the  scaphoid,  but  apparentiv  nuich  more  frequem)y 
with  the  iattcr,  in  whicli  it  occnpii-s  the  jKreition  above  dcscribed,  l>"ing  at  the  weak 
part  of  the  inferior  calcaneo-scaphttiil  iigament. 

Development. — It  is  ^t'nera]ly  held  that  ossitication  begins  in  the  fourth  or 
fifth  vear.  tnit,  arcordinji  to  ( lejienlKiur,  it  l)ej;ins  in  the  first.  The  tibiale  e.rtrrnum 
exislš  :ts  a  scparate  carlilaj;e  at  the  second  moiilh  of  ftelal  lifo.  Usiiallv  this  fuses 
with  the  rcst,  bnl  it  mav  hnve  a  centre  of  its  o\vn. 

TIIE  TURKE  CINKII-ORM  »ONES. 
Thfse  we<itjp-sha|K-d  Imnes,  jilaccd  bttMcen  the  scaphoid  and  the  three  inner 
nii-tatarsals.  and  abntling  evternallv  on  the  c  iiboid.  form  an  Important  p:irt  of  tlie 
transverse  arch  of  the  foot.  The  thln  ed(je  of  ihe  internal  cnneifnrm,  which  is  much 
ihelargi-st,  points  uj»,  that  of  the  othors  down.  The  middle  cuneiform  is  the  smallest 
an<l  shortest,  so  that  the  second  metatarsal  Kme  lies  in  a  mortise  belween  the  inner 
and  <  JU  ter. 

THE  INTERN-AI.  CINEIFORM. 
Thi- internal  rnneifonn.'  In-sidi-s  ihc  pro^imal  and  dislal  snrfares,  hasan  interna!, 
an  i'\ternal,  and  an  inferior.  The  posterior,  or  proxiinal  surface,  rounded  )>elow 
and  poinhii  aliove.  issli^lillv  i-oncav<- and  ulmllv  arlieolar.  The  anterior,  or  di  Stal, 
surface,  alsn  .iriicnlar.  is  kidnt y-shap<-d,  wilh  ih.-  m.tih  iii  the  miter  1x>r<ler.  The 
inner  surface  has  a  sm.ill  ndi.'e  in  its  di-i.il  h^ili.  |H>iiitinL:  u]>ward,  which  is  ihe 
I  i*rn/nvr:  Morpli.  Arl»it.i.,  Ilil.  \i,.  is^l,. 
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highest  pait  of  the  bone,  but  almost  the  whole  of  this  suriace  is  on  the  inner  side  of 
the  foot.  lis  outer  border  runs  obliquely  forward  and  oiilward  with  a  sinuous 
coursc  till  it  reaches  the  end  of  the  middle  cuneiform,  when  Jt  turns  fonvard.  It 
bas  a  short  concave  posterlor  border  for  the  scaphoid  and  a  lonj^,  nearly  strai);ht 
one  for  the  first  metatarsal  bone.  It  passcs  without  a  sharp  boundary  into  the 
lower  surface.  It  is  crossod  by  a  faint  groove,  which  esceptionallv  is  decp.  running 
obtiquely  down\vard  and  lonvard  to  a  smooth  sueliing  for  a  bursa  under  the  tendon 


Fig.  441. 


Fiu.  443. 
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«3f  the  tibialis  anticus  just  before  its  inscriion.  The  inferior  surface,  rough  and 
w~ound,  hag  a  tubercle  near  the  proximal  end  for  a  part  of  the  tibialis  posticus.  The 
^sxternal  surface  is  niostly  rough,  with  a  smooth  articular  strip  for  the  middle 
«^uneifonn  following  its  upper  and  posterior  borilcr.  The  internat  cuneiform  articu- 
Isttes  with  the  scaphoid,  middle  cuneiform,  and  tirst  and  second  metatarsal  bones. 

Development. — A  centre  ajipcars  in  tlic  third  yt-ar.      \'ery  e.\ceptionaliy  it  is 
«:3ouble,  and  the  bone  is  divided  by  a  suture  into  two. — a  dorsal  and  a  plantar. 

THE  MIDDLE  CUNEIFORM. 
The  middle  cuneifonn '  has  a  sharp  ridge  bflow  and  an  oblong  surface  above. 
le  iatter,  or  supcrior  surface,  is  vcrv  little  longer  than  broad.  The  lateral 
^K>rders  of  this  surface  have  an  outward  inclination.  The  inner  of  llicm  corresponds 
■zj  the  proximal  part  of  the  outer  border  of  the  lirst  cuneiform.  The  outer  border. 
czjT  its  proximal  two-thirtis,  rests  against  the  external  cuneiform,  beyond  iihich  there 
^  a  small  space  l)etwcen  the  bone«.  The  proximal  sidc  of  this  surface  is  a  little 
■^nvex  and  the  disial  about  straight.     The  posterior  surface,  \vhony  articular, 
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*S  slig:htly  concave.  It  is  trianguhr,  uith  the  d«)rsal  border  rounded,  the  outer 
'ioncave,  and  the  inner  struiiiht  or  sli^htlv  conve\.  The  anterior  surface,  ar- 
ticular lor  the  seconii  metatarsal,  is  narrovver.  It  has  a  slight  conve.xily  in  the  iijiper 
ParT  in  a  vertical  plane.  The  intcmal  surface  has  an  articular  fai-cl  corresponding 
to  that  on  the  interna!  cuni^iform  and  a  rouirh  depression  for  an  inlc-rosseinis  liga- 
>nent.  The  external  surface  has  a  facet  along  the  hind  border,  broader  alx>ve 
than  beloiv,  and  rarelv  a  small  one  at  the  frimt  hmer  angle,   both  for  the  estcrnal 
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cuneiform.     The  middle  cunciform  articuhitcs  wtih  the  scaphoid,  the  interna)  and 
external  cuneiforms,  iind  the  second  metatarsal. 

Developinent. — One  centre  appears  in  the  fourth  yt-ar. 

THE  EXTERNAL  CUNEIFORM. 
The  extcrnal  cuneilorm,'  scen  from  above,  Is  much  lonycr  than  broad,  with  a 
very  oblique  prnsimal  border  slantJng  outward  and  t)aclcward,  an  anterior  border 
running  less  obliquel}'  in  the  s;ime  direction,  an  inner  one  close  against  the  mitldle 
bone  in  itn  proximul  third  or  one-half,  then  receding  froni  it  and  cxtending  onto  the 
outcr  iiidc  of  the  second  metaiarsid,  und  an  outer  border  lirst  running  loruard  and 
Oiitward  against  the  cuboid,  and  tiien  for\vard  not  cjuite  against  it,  but  overlapping 
the  fourth  metatarial.  The  ridge  consliluting  the  inferior  surface  does  not  quite 
reach  the  prosimal  end.  The  posterior  surface,  whfllly  articular.  is  oblong,  with 
the  long  axis  vertical,  and  often  a  little  convex.  The  anterior  surface,  articular  for 
the  third  metatarsal,  is  triangular  and  nlx)ut  plane.  Its  inner  border  rises  higher 
than  the  outer.    The  internat  surface  articulates  with  the  second  cunciform  bone  by 
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oneor  two  corrcspondin^  facets,  as  the  casc  mav  be.  and  has.  in  addition,  a  facet  for 
the  ouler  side  of  the  base  of  the  second  metatarsal  at  the  front  upjJcr  angle,  and 
often  extendine  down  the  border ;  or  the  middle  portion  niay  be  »-anting.  In  the 
mid<lle  of  the  surface  is  a  roughness  for  the  interosseous  ligament.  The  extemal 
surface  is  chieHv  rongh,  giving  origin  to  an  interosseous  ligament  for  the  cuboid  ; 
al  the  np|>er  proximal  angle  is  a  large  facet  for  the  same  bone,  and  at  the  distal 
iipper  angle  there  may  or  may  not  be  a  small  one  for  the  side  of  the  fourth  meta- 
tarsal. The  external  cunciform  articulutes  with  the  scaphoid,  the  middle  cunciform, 
the  cuboid.  and  the  second,  third,  and  fonrth  metatarsals. 

Developinent. — Ossificalion  begins  in  the  first  year. 

The  Intercuneiform  Bone. — On  the  dorsum  there  is  a  liltle  pit  which  we 
have  callcd  the  inlemmeiform  fossa,  situated  bet«een  ihe  proxinial  portions  of  the 
internal  and  middle  cunciform  bones,  usuallv  more  at  the  e.\pense  of  the  latter  than 
of  the  former.  \Vc  ha\e  al  least  twice  secn  a  separate  osside,  the  inUrcuaeiform 
hoiif,'  in  tliis  fossa.  The  bettcr  specimcn  was  wedge-shaped,  its  Icngth  excecding 
trne  centimetre.  It  clearlv  \vas  more  intimattly  relatcd  to  the  middle  than  to  the 
internal  cuneiform.     Plilzner  has  since  seeii  it  fused  w  ith  the  former, 

THE   METATARSAL   BONES. 

Of  these  five  iMmcs'  the  tirst  is  verv  much  the  largest,  althnugh  the  shortesL 
The  second  is  the  longest.  and  the  oth.rš  i.f  al«HH  etiiial  len>,th. 

The  first  metatarsal  bone  has  a  concave  basr  ciirrespimding  ti>  the  facet  on 
the  internal  cnneiliirm.  »hich  is  pnilongtd  diiwn  iriUi  a  point  (liiberosUv)  raiher 
to  thi- iiuter  side,  im  the  c.vtirn.il  aspcrt  nf  uhicli  the  iH-ri>neus  longus  is  inscrted 
inti>  a  roimd  impressioii.  On  the  imur  side  of  the  Imse  is  a  small /^WM/Hc«f^  for 
tln-  tibi.ilis  antiius.  A  smcMith  fiuvt  for  the  sen.iid  metatarsal  is  often  found  on  the 
..liter  side.  A  griKtve  fur  the  capsular  ligament  more  or  k^^s  perfettly  encircies  the 
'Anat,  Aii/tiKer,  ISd.  ki.,  191.1i. 
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base.     The  strong  shafl  has  thrce  sidcs :  an  tnUnial,  looking  aiso  upward,  in  the 
main  convex  ;  an  extent<U,  concave  and  neariy  vertical ;  and  an  inferior,  ot  plmitar. 


ekIso  concave.     The  borders  boimding  the  outer  surfacc  are  the  most  distinct.     One 
31"    two  nutrient  foramina  enter  this  surface,  running  distally,     The  enlarged  and 


!Sj*nded  distal  cnd,  the  /icad.  is  articiilar  cxcept  at  the  sides,  where  it  is  flaitcned. 
*"e  facet  extends  farther  onio  the  plantar  aspect.  vvhere  it  expands  Iaterally.      It 
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has  therc  a  median  elevation,  with  ; 
Tliere  is  a  rough  Burface  for  ligai 


^roovc  oti  either  sidc  (or  a  scsamoid  bone. 
un  cuch  sidi;  of  the  head. 


RiKhi  ihii.l  m 


The  four  outer  metatarsal  bones  an-  disiin^uishMl  1iy  tlieir  liases.  That 
iif  tht  second  is  concavc  at  tlit-  ind,  and  fiis  the  iniddic  cnnt-iform  ;  on  thc  innrr 
side  A  small  facft  at  thi:  top  mt-cts  thc  (intsidc  of  thc  first  (.nint-iform  ;  on  the  ouler 
sidf  ihcre  are  tHo.  an  upiicr  and  a  lovvcr,  »ith  a  deep  cut  bet«'een  each,  resling 


on  both  tlic  oiit<T  rimdfonn  and  tlic  tliiril  m<-t:itarsal.      Tlio  (tcc.istoiial  faret 
firat  metatarsal  is  on  thc  shafi  rather  than  iin  the  end.      It  is  oft(.'n  wanting 


for  the 
on  the 
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second  when  present  on  ihe  first,  implyiny  the  presenct;  of  a  bursa  rather  than  of  a 
joint.  The  base  of  the  third  metatarsal  fits  the  outer  cuneiform,  and  is  ncarly 
plane.     The  posterior  upper  border,  secn  (roiii  the  dorsum,  is  obtique,  running 


«Dutward  and  backward.     The  inner  surface  has  two  facets  for  the  second,  and  the 

^uier  surface  one  at  the  top  for  the  fourth  metatarsal.     The  base  of  the  fourth 

Vnetatarsal  is  also  obliquc.     It  has  an  oblonp  (acet  for  the 

^:uboid,  and  a  single  iniernal  one  at  the  top  (or  the  third.  I^io.  450. 

'^»hich  is  separated  from  the  proximal  cnd  by  a  roii^h  space 

ff  or  the  insertion  of  an  interosseoiis  li^amcnt  from  the  tarsiis. 
JTicre  is  externally  a  triangular  lacet  al  the  iipper  angle 
*or  ihe  fifth.  This  last  facet  is  bounded  in  Iront  hv  a  deep 
^^oove  which  receives  the  edpc  of  the  facet  on  the  fifth. 
^The  fifth  metatarsal  has  an  even  more  ol)li(jiie  base,  the 
*  nner  two-thirds  of  which  bear  a  facet  for  the  ciilioid.  The 
^ZDuter  part  is  prolonged  as  the  tuberosilv  beyond  the  e<lj'i' 
^r>f  the  foot,  overhanging  the  joint.  The  inner  side  has  a 
Vacet  for  the  fourth  metatarsal  bone. 

The  shafts  of  the  metatarsal  bones  are  flatlcned  lat- 
^arally,  but  theoreticallv  thrce-sided,  like  the  first,  The 
^aecond  has  an  external  surface  looking  direct]y  oiitward  ;  a 
^auperior  one  at  the  base,  which  twists  so  as  to  hecomc  iii- 

temal.     This  is  separated  from  the  former  in  the  distal  two- 

*:hirds  of  ihe  shaft  by  a  sharp  ridge.    The  third  side  is  internal 

^t  the  base,  but  soon  becomos  inferior.      The  shaft  of  the 

%hird  ditlers  only  sliglitly,  the  external  surface  looking  some- 

Xvhat  upward  and  lliere  being  more  of  a  ridge  bclovv.      In 

the  fourth  it  seems  as  if  the  p^o^imal  part  of  the  shaft  had 

been  bent  outward  on  its  axis.  so  that  the  outer  side  looks 

more   upward  and  ihe  olher  lwo  are  Icss  twiptc<l.     In  the      R-Rhi  fi(ih_n,cuurwi.  im.« 

Rfth  this  process  has  gonc  farlher;  the  originallv  oiilcr  side 

»s  now  the  upper.  separated  bv  one  lx)rdcr  from  ihe  inner  and  by  another  from  the 
inferior.  Thts  last  border,  niiw  e.vternal,  repn-sents  tlie  one  thal  was  the  inferior 
of  the  third  metatarsal.  The  tnitrienl  /oraniina  of  ihe  four  outer  metatarsals  are 
in  the  extemal  surfaces,  running  Ti]>«ard.      They  are  not  very  constant. 
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KiG.  451. 

Ob  interintftatarseum 


The  heads  of  the  metatarsal  l>oncs  are  compressed,  like  the  shafts,  from  side 
to  side,  and  have  each  a  pair  of  lateral  tubercks  at  the  dorsal  aspect  of  the  cnd  of 
the  shaft,  separated  by  a  jjroove  from  the  articiilar  surface.     Lateral  ligaments  are 

attached  both  to  the  tubercles  and  the  grooves.  The  ar- 
ticular  surface  is  oblong,  extending  well  onto  the  plantar 
side,  where  it  ends  in  two  lateral  prolongations,  of  which 
the  outer  is  the  more  prominent.  A  line  connecting  their 
ends  vvould  be  oblique  to  the  shaft,  especially  in  the  outer 
toes. 

Fusion  of  the  outer  cuneiform  with  its  metatarsal  occurs 
occasionallv  at  the  plantar  iispect.  It  is  probab]y  con- 
genital.  Pfitzner  has  seen  it  at  seventeen  and  we  at 
nineteen. 

Dcvclopmcnt.— Centres  for  the  shafts  of  the  meta- 
tarsals  ap[)ear  towards  the  end  of  the  third  month  of  foetal 
life.  A  proximal  epiphysis  for  the  first  and  distal  ones  for 
the  others  aj)i>ear  in  the  third  year,  fusing  at  about  seven- 
teen. Occasionallv  the  metatarsals,  especially  the  first, 
have  an  epiphysis  at  each  end. 
Os  Intermetatarseum. — This  is  an  occasional  wedge-shaped  bone  found  on 
the  dorsal  asi)ect  of  the  foot,  bet\veen  the  internal  cuneiform  and  the  first  and  second 
metatarsals.  It  mav  articulate  \vith  aH  three,  or  with  anv  of  them,  or  l)e  attached  to 
them  by  connective  tissue.  More  often  it  is  connected  by  bone  with  one  of  the  three 
neighbors,  espccially  \vith  the  internal  cuneiform,  of  \vhich  it  may  seem  to  be  a  pro- 
cess  (Fig.  451).     It  is  found  in  some  form  once  in  ten  feet  (Pfitzner). 


Intermrtatarsal  bone  fuscd  with 
ri^ht  imvnial  runeifonii. 


Fig.  452. 


Third.  diiUl 
or  ung^il. 
phmIanK 


Second,  or 
middle. 
phmluix 


THE   PHALANGES. 

Thcrc  are  two  for  the  great  toe  and  three  for  each  of  the  others.  Although  of 
very  dififerent  i>roportions,  thev  present  the  features  which  have  been  described  for 
those  of  the  hand,  especially  the  shape  of  the  articular  sur- 
faces.  The  first  phalanx  of  the  great  toe  is  about  as 
long  as  that  of  the  thunib  antl  nearly  twice  as  broad.  There 
is  a  tubercle  for  muscular  insertion  at  each  side  of  the  pal- 
mar  aspect  of  the  base.  The  terminal  phalanx  of  the 
great  toe  is  also  verv  massivc.  The  first,  or  proxiinal,  pha- 
langes  of  the  other  toes  diminish  in  length  from  within  out- 
ward.  Those  of  the  second  roiv  are  so  short  as  to  be 
almost  cubical,  although  they  are  broader  than  thick.  The 
terminal,  or  distal,  phalanges  are  very  rudimentarv. 
Pfitzner  *  has  shown  that  in  alx)ut  one-third  of  the  c.ises  the 
terminal  phalanx  of  the  little  toe  is  fused  with  the  middle 
one,  even  before  birth.  Presumablv  thev  never  were  distinct 
in  the  embrvo.  As  he  has  found  this  condition  in  Fgyplian 
nunnmies,  certain  very  pessimistic  vie\vs  as  to  the  degener- 
ation  in  store  for  the  human  foot  are  pr()bai)ly  unuarranted. 

Sesamoid  Bones. — Those  of  the  lirst  metatarso-j>ha- 
langeal  joint  are  large  and  constant  ;  those  of  the  same  joint 
in  ihe  other  toes  verv  rare.  The  least  uncommon  are  those 
of  the  fifth  toe,  of  \vhich  the  inner  si*samoi(l  is  fonnd  in  5.5 
pcr  cent.  and  the  outer  in  6.2  per  cent.  A  sesamoid  of  the 
intt-rphalangeal  joint  of  the  great  toe  is  found  in  50.6  per 
cent.  ( Ptitzner'). 

Development. — The  first  nucleus  to  a|)pear  is  that  of 
t  lir  (listal  phalanx  of  the  great  toe  at  the  end  of   the   third 
f«it:il  month.     Those  of  the  other  distal  phalan^es,  e.\cept  the  fifth,  come  some  lwo 
uecks  later.     The  l)ones  of  the  proxim.il  ro\v  seem  to  ossifv  ralher  later  than  the 

^  Arth.  fiir  An;il.  imel  Kntuick.,  1S90. 
'  .Moq)h.  Arl)eiten,  Ikl.  i. 


Finl.or 
prosinuil. 
phmlans 


Phalanfccsof  rif^ht 
toe,  pUmUr  turfacc. 
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distal  ones,  but  this  order  is  not  constant.  According  to  Bade,'  the  middle  phalanges 
have  begun  to  05sify  in  the  eighteenth  week  of  fcetal  life,  but  we  have  found  bone 
vaoting  considerabl)'  later.  The  process  of  ossification  in  tlie  fourth  and  fifth  toes 
is  decidedly  later  than  at  the  inner  side  of  the  foot.  It  does  not  begin  in  the  middle 
phalaiut  of  the  fifth  till  near  term,  and  we  have  sometimes  seen  no  sign  of  it  in  the 


Fig.  453- 


}^K  and  even  in  the  fourth  at  birth.  Proximal  epiphj^^es  appear  from  the  fourth  to 
^J^  8ixth  year,  and  fuse  at  about  sixteen.  The  terminal  phalanpes  have  distal  caps 
^•te  those  of  the  hand.  The  fifth  toe,  according  to  Pfitzner,  has  the  following  pecu- 
•^tities  :  the  proximaI  epiphysis  of  the  second  phalaoK  and  the  centre  for  the  shaft 
""  ibe  terminal  one  are  »anling,  the  proximal  epiphvsis  of  the  latter  being  greatly 
'»a^erated. 


'  Arch.  fiir  Mik.  Anat.,  Bd.  Iv..  1900. 
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PoMcre-Jnftrlor  lurbce  of  nkancM 


BONES  OF   THE   FOOT. 
Fig-  455- 


Bon^sof  right  fuut. 
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PRACTICAL  CONSIDERATIONS. 

The  union  of  the  foot  with  the  leg  at  a  right  angle,  while  necessitated  by  thc 
erect  attitude  of  man,  makes  it  essential  that  the  bones  of  the  foot  shall  be  so  sh^ped 
and  united  that  they  may  afTord  a  basis  for  both  support  and  propulsion,  ali  pre- 
hensile  function  being  sacrificed  to  those  ends.  Accordingly,  we  find  the  tarsua 
proportionately  much  larger,  both  it  and  the  metatarsus  stronger,  and  the  pha- 
langes  much  smaller  and  less  mobile  than  the  corresponding  parts  of  the  hšuid. 
The  strength  of  the  foot  and  its  comparative  freedom  from  injury,  in  spite  of  its  con- 
stant  expK>sure  to  traumatisms  of  various  grades  of  severity,  are  due  to  the  arrange- 
ment  of  its  component  bones  into  the  form  of  an  arch,  which  is  well  adapted  not  only  to 
sustain  weight  and  to  provide  leverage  for  motion,  but  also  to  resist  and  distribute 
excessive  force  received,  as  in  falls  upon  the  feet.  The  posterior  pillar  of  the  arch, 
composed  of  the  os  calcis  and  the  hinder  portion  of  the  astragalus,  has  but  one  joint 
— the  calcaneo-astragaloid — \vith  a  very  limited  range  of  motion.  The  action  of  the 
calf  muscles  upon  the  heel  is  thus  applied  to  the  elevation  of  the  hinder  pillar  witfa 
the  least  possible  expenditure  of  force,  as  there  are  no  unnecessary  movementa 
between  their  point  of  insertion  and  the  ankle-joint. 

The  anterior  pillar  beginning  at  the  top  of  the  astragalus — the  summit  of  thc 
arch — may  be  said  to  include  practically  most  of  the  foot  anterior  to  the  ankle  and  te 
separate  naturally  into  ( i )  a  larger  and  stronger  inner  division  consisting  of  the  neck 
and  head  of  the  astragalus,  the  scaphoid,  the  three  cuneiforms,  and  the  three  inncf 
metatarsals  ;  and  ( 2 )  a  weaker  and  smaller  outer  division  composed  of  the  cuboid 
and  the  remaining  metatarsals. 

The  anterior  pillar  thus  secures  in  the  wide  surface  of  the  distal  extremities  ol 
the  metatarsal  bones  a  broad  basis  of  support ;  its  inner  division  carries  most  of  thc 
weight,  and  is  enabled  to  do  this  by  the  thickness  and  strength  of  the  metatarsal  bone 
of  the  great  toe  and  by  the  parallelism  of  the  latter  with  the  great  toe  ;  its  outci 
division  bears  less  weight,  but  supports  the  inner  division  laterally  and  broadens  thc 
surface  in  contact  with  the  ground.  The  normal  foot  thus  rests  directly  upon  thc  ofl 
calcis  and  the  anterior  extremities  of  the  metatarsals,  the  outer  side  of  the  foot  aiding 
more  in  preserving  balance  than  in  carrying  weight. 

An  imperfect  transverse  arch — including  the  scaphoid,  cuboid,  and  cuneiforms — 
adds  to  the  e]asticity  of  the  foot  and  aids  the  main  arch  in  affording  a  pressure-frec 
area  for  the  plantar  vessels  and  nerves.  Both  arches  depend  for  their  mtegrity  nol 
only  upon  the  shape  of  the  bones,  but  also  upon  the  fascia^,  ligamcnts  and  tendons, 
and  to  some  extent  upon  the  small  plantar  muscles.  Stili  another  transverse  arch  is 
formed  by  the  bases  of  the  metatarsal  bones,  and  a  third,  but  less  distinct  one,  bj 
their  heads. 

Perhaps  the  most  accurate  conception  of  thc  foot  mechanically  is  as  a  semi-domc 
(EUis),  the  whole  dome  being  completed  in  well-shaped  feet  when  the  inner  borden 
are  approximated. 

The  epiphysis  of  the  os  calcis  occirpies  the  posterior  rounded  extremity  of  thc 
bone.  and  has  inserted  into  it  the  tendo  Achillis.  No  positive  clinical  e\'idence  o( 
separation  exists,  but  it  is  probable  that  the  X-rays  will  show  that  in  voung  persona 
lesions  heretofore  supposed  to  be  fractures  of  the  os  calcis  from  muscular  action  art 
actuallv  epiphysea}  disjunctions. 

The  epiphvsos  of  the  remaining  bones  of  the  foot  have  but  little  surgical  interesL 
The  first  metatars:il,  like  that  of  the  thumh,  has  its  epiphvsis  at  the  proximal  cnd, 
and  to  that  extent  resembles  a  phalanx.  The  othcr  four  metatarsals  have  their  epiph- 
vscs  at  the  distal  ends.  Ali  the  phalangeal  epiphvscs  are  at  the  proximal  ends. 
In  the  metatarso-phalangeal  joints  the  svnovial  membrane  is  in  close  relation  to  the 
epijihvseal  lines  ;  in  the  phalangeal  joints  it  is  not.  A  knowledge  of  these  facts  mav 
()ccasi(>nally  be  useful  in  cases  of  disease  or  injurv  limite<i  to  a  particular  bone. 

Fracture  <>f  the  bones  of  the  tarsus  is  rarc.  except  as  a  result  of  crushing  injurics 
or  of  falls  from  considerahle  heights.  If  the  lK)ncs  nf  the  anterior  pillar  are  brokcn, 
it  is  usually  hy  direct  violence.  as  the  numemus  joints  and  liganients  of  this  re{|[ion 
render  it  so  elastic,  and  so  diffuse  forces  applieil,  as  in  jum}>s  or  falls,  as  effectiialljr  to 


..^1X1.  CONSIDERATIONS  :  THE   FOOT   BONES.  437 

prevent  fracture.  The  bones  of  the  posterior  pillar  are  broken  in  both  ways.  In 
falls  the  astragalus  is  apt  to  break  about  its  neck, — the  weakest  portion  ;  or  if  the 
foot  is  strongIy  dorsiflexed,  the  an tenor  articular  edge  of  the  tibia  may  act  as  a 
wedge  and  split  it  across.  The  os  calcis  niay  be  broken  between  the  astragalus  and 
the  ground,— compression  fracture  ;  or  it  may  be  broken  behind  the  insertion  of  the 
infenor  calcaneo-scaphoid  ligament,  the  anterior  arch  being  fiattened  by  the  fall,  but 
the  ligament  resisting  rupture.  A  few  cases  of  fracture  of  the  sustentaculum  tali  have 
been  re|X)rted,  the  foot  having  been  in  forcible  inversion,  the  lesser  process  (susten- 
taculum) being  broken  ofT  against  the  edge  of  the  astragalus.  In  each  čase  this  was 
followed  by  eversion  and  sinking  of  the  inner  border  of  the  foot  (valgus),  the  sup(x>rt 
given  by  the  intemal  articulating  surface  to  the  astragalus  having  been  removed. 

Of  the  metatarsal  bones,  the  first,  although  the  strongest,  is  most  frequently  broken 
because  it  carries  so  large  a  proix)rtion  of  the  body  weight  and  because  it  receives  an 
iindue  share  of  the  violence  in  falls  associated  with  eversion  of  the  foot  The  fifth 
comes  next  in  frequency  because  of  its  exposed  f)osition  on  the  outer  side  of  the  foot 
and  the  added  violence  in  cases  of  inversion. 

Dislocation  of  separate  bones,  especially  of  the  astragalus,  is  rare.  It  is  always 
•the  result  of  the  application  of  considerable  crushing  force,  is  usually  associated  with 
other  injuries,  and  is  influenced  but  litde  by  anatomical  factors. 

Disease  of  the  bones  of  the  foot,  and  especially  tuberculous  disease  of  the  tarsus, 

as  common  because  of :  (i)  the  frequency  of  traumatism  ;  (2)  the  exf)osure  to  cold 

^nd  damp  and  the  scanty  protection  afforded  hy  the  supcrjacent  tissues  ;  (3)  the 

remoteness  from  the  centre  of  circulation  and  the  dependent  position  of  the  part, 

lx>th  favoring  congestions  ;  (4)  the  prepondcrance  of  cancellous  tissue  in  the  bones  ; 

(5)  the  difficulty  in  securing  perfect  rest,  especially  after  minor  injuries,  which 

those  most  often  followed  by  tuberculous  osteitis.    It  affects  most  frequently  those 

that  bear  most  of  the  weight  of  the  body, — the  os  calcis,  the  head  of  the 

»tragalus,  and  the  base  of  the  first  metatarsal.     It  is  more  likely  to  remain  localized 

^^rhen  situated  in  the  os  calcis  or  in  the  hinder  part  of  the  astragalus  ;  in  the  anterior 

portions  of  the  tJirsus  the  number  and  complexity  of  the  svnovial  cavities   (often 

mntercommunicating)  tend  to  prolong  and  to  spread  the  disease.     In  disease  of  the 

't^irsal  bones— excepting  the  astragalus,  to  which  no  muscle  is  attached — the  tendon 

^heaths  in  the  vicinity  may  be  involved  by  direct  extension  from  the  periosteum. 

Any  metatarsal  bone  may  be  involved  in  cases  of  '*  perfoniting  ulcer,**  the  situa- 
of  the  latter  being  determined  usually  by  the  degree  of  pressure  upon  the  šole  in 
in  which  anaesthesia  is  already  present ;  hence  the  frequency  with  which  the  first 
snetatarsal  is  involved  in  this  disease. 

Excision  of  the  separate  bones  has  frequendy  been  performed,  especially  of  the 
Lgalus  and  os  calcis. 

Landmarks. — On  the  inner  side  of  the  foot  can  be  felt :  {a)  the  ridge  between 

inner  and  |X)sterior  surfaces  of  the  os  calcis  ;  (^)  the  tubercle  of  the  os  calcis  ;  (f) 

^lie  sustentaculum  tali,  one  inch  directly  below  the  tip  of  the  malleolus  ;  {d^  from  one- 

half  to  three-quarters  of  an  inch  in  front  of  the  latter  the  head  of  the  astragalus,  very 

viodceable  in  flat-foot ;  (r)  from  one-half  to  three-quarters  of  an  inch  more  anterior 

the  prominent  tuberosity  of  the  scaphoid,  the  space  bet\\een  it  and  the  sustentaculum 

V>eing  filled  by  the  inferior  calcaneo-scaphoid  ligament  and  the  tibialis  posticus  tendon  ; 

from  the  tuberositv  the  tendon  mav  be  traced  to  the  back  of  the  inner  malleolus  ; 

^y)  the  intemal  cuneiform  ;  (j^)  the  base  (one  and  a  half  inches  in  front  of  the 

scaphoid  tuberosity),  the  shaft,  and  the  expanded  head  of  the  first  metatarsal  :  ( /i) 

the  base  of  the  first  phalanx  with  the  intemal  sesamoid  bones  just  beneath  ;  ( ; )  the 

phalanges. 

On  the  outer  side  are  to  l)e  felt  :  (a)  the  ridge  between  the  outer  and  posterior 
surfaces  of  the  os  calcis  ;  (d)  the  extcrnal  tulKTcle  of  the  os  calcis  ;  ( r)  the  peroneal 
tubercle,  three-quarters  of  an  inch  belo\v  and  a  little  in  front  of  the  tip  of  the  external 
malleolus,  lying  bet\vc'en  the  long  and  short  peroneal  tendons  ;  (d)  the  external 
surfaces  of  the  os  calcis  and  (\vhen  the  foot  is  inverted)  the  edge  of  its  anterior 
extremity,  lying  just  al>ovc'  the  culx)id  :  ( r)  the  prominent  base  of  the  fifth  metatarsal 
(about  two  and  a  half  inches  in  front  of  the  malleolus),  the  shaft,  and  the  expanded 
Sead  of  that  bone  ;  (/ )  the  phalanges. 
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On  ihe  solc  of  thc  foot  benveen  the  tubcro!iity  of  the  os  calcis  and  the  heads  of 
the  metatarsab  the  bones  cannot  be  felt  distinct)y.  Tha  interna)  »csamoids  are 
directly  beneath  the  tintt  mL-tatarso-phalan^eal  artJculation. 

On  the  dorsuTn  of  Ihe  foot,  when  at  rijfht  an^les  to  the  le^,  the  bones  of  the 
tarsiia  form  a  smooth  roundcd  convi;xily,  with  a  slight  devation  between  its  middle 
and  inner  thirds.  madc  up  of  the  head  of  the  astra^ralus,  the  scaphoid,  the  middle 
cunciform,  and  the  second  metatarsal.  With  the  foot  in  full  cxtension  the  head  of 
the  astragalus  projects,  und  the  extreme  anterior  ends  of  the  ridges  betucen  the  upper 
and  lateral  articular  surfaccs  of  that  bone  can  be  felL  The  internal  cuneiform  at  the 
summit  of  the  instep  is  easily  reco^nizcd.  The  othcr  cuneiforms,  the  cuboid,  and 
the  mctatarsals  can  be  felt  in  thin  feet. 

THE   ANKI.E-JOINT. 

The  articulation  is  bctween  the  bones  of  the  leg  and  those  of  the  foot  as  a 

whole, — t.e.,  between  the  libia  and  fibula  above  and  the  astragalus  belo*.      It  is  a 

hingc-joint,  although  the  murtise  of  the  leg  lx>ne!i  and  the  top  of  the  astra^^alus  are 

both  broader  in  front  than  behind.     The  ligaments  are :  the  capsuiar,  supporting 

Fig.  456. 


itron^  bands  at  the  stdes 
;  is  alsri  a  middle  extemai 


thr  sviittvial  memfiranr,  anrl  itsclf  strenEthcned  by  \er; 
(laUral  ligauirnts^  and  hy  a  weak  one  at  the  bark.  Tin 
lateral  ligamrnt  (juile  dlstinrt  from  th<-  capsulc 

Thi-  capsule  (Fie.  4';6^  ariscs  frnni  the  front  of  the  tibia  ncarly  one  centi- 
metre above  the  lowcr  border,  from  the  edge  of  the  anterior  t'bio-fibular  ligamcnt. 
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from  the  front  of  both  malleoli  at  some  distance  from  the  anterior  border,  and  from 
the  under  side  of  both  malleolar  articular  surfaces.  The  posterior  half  of  the 
superiur  origin  is  closer  to  thu  articular  border  both  of  the  back  of  the  tibia  and  that 
of  the  inner  malleolus,  but  il  arises  from  the  posterior  border  of  the  outer  malleolus, 
so  as  to  leave  a  deep  pocket  behind  the  outer  articular  surface  The  inferior  inser- 
tion  Burrounds  the  articular  surface  on  the  top  and  sides  of  the  astragalus,  being 
dose  to  the  cartilage,  except  in  front  where  the  distance  maj  be  one  centimetre, 
and  behind,  where  the  separation  is  less  This  capsule  consibls  in  front  of  longi- 
tudinal  fibres  of  no  great  strength,  oftcn  with  fat  between  them  The  posterior  part 
of  the  capsule  is  extremely  thin. 


Fig   457 


The  internal  lateral'  nr  deltoid  ligament  (Fig.  456)  is  an  extremely  strong 
I^art  of  the  capsule,  arising  from  thu  nocch  in  the  i>osterior  border  and  from  the 
tip  of  the  inner  malleoUt<;.  the  former  portion  being  almost  one  centimetre  thick, 
rvnning  downward  and  b;ickward  to  ihc  astragalus  I)e!ow  the  inner  articular  surface 
hy  its  deeper  fibres  and  to  ihe  sustentaculum  tali  by  the  supcrfidal  onea.  The 
great  strength  of  this  part  of  the  liganient  is  appreciatc<i  by  oxaniining  it  altcr 
division.  The  anterior  part,  thinner  biit  stili  strong,  nms  to  the  inferior  calcaneo- 
Bcaphoid  Jigament,  ami.  joining  the  snpcrior  astragalo-scaphoid  ligaincnt,  niay  be 
traced  to  the  scaphnid.  It  has  no  line  of  separation  from  the  front  of  the  capsule. 
The  external  lateral  ligamcnt  f  Fig.  457)  is  describcd  as  consisting  of  three 
bands  which  radiate  from  the  e.Nternal  malleolus,  although  only  two  are  really  parts  of 
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the  capsule.  The  anteriof  band^  (Fig.  457)  passes  fon\'ard  and  inward  from  the 
front  border  of  the  malleolus  to  the  astragalus  in  front  of  the  lateral  articular  surface. 
It  is  made  tense  in  plantar  flexion.  Thn  posterior  band^  (^iR-  457) — a  very  strong 
one — arises  from  the  hollow  on  the  inside  of  the  tip  of  the  outer  malleolus  and  runs 
inward  and  backward  to  the  astragalus  behind  the  posterior  outer  angle  of  the 
articular  surface.  It  is  made  tense  in  dorsal  flexion.  With  the  transverse  tibio- 
fibular  ligament  it  considerably  strengthens  the  back  of  the  capsule.  The  middle 
band^  (Fig.  457).  more  superficial  and  tending  to  be  free  from  the  capsule,  runs  down- 
ward  and  backward  to  a  faint  tubercle  on  the  outer  side  of  the  calcaneum.  It  can 
be  made  fully  tense  by  no  motion  in  the  anklc-joint  alone,  but  restrains  certain 
motions  of  the  iistragalus  on  the  calcaneum.  The  capsule  between  these  bands  is 
excessively  thin. 

The  synovial  membrane  lining  the  capsule  is  in  the  niain  perfectly  simple, 
following  the  latter  ;  it  presents,  however,  a  prominent  fold  on  the  inside  of  the 
joint  over  the  posterior  band  of  the  external  lateral  ligament,  and  makes  somcthing 
of  a  pouch  above  this,  l>clow  the  transverse  ligament.  It  covers  the  pad  of  fat  be- 
tween  the  bones  of  the  leg. 

Movements. — The  articulation  at  the  ankle  is  essentially  a  hinge-joint,  although 
not  a  pure  one,  since  the  fibula  moves  on  the  tibia,  and  the  astragalus,  being  more 
closely  fastened  to  the  fibula,  follovvs  the  latter  in  its  movements  ;  thus,  the  outer 
end  of  the  transverse  axis  of  rotation  is  subject  to  displacement.  When  the  foot  is 
midway  between  flexion  and  extension,  it  is  possible  in  the  dead  body  to  impart  a 
certain  lateral  motion  to  the  astragalus,  the  lateral  ligaments  being  apj>arently  not 
tense  ;  but  it  is  highly  improlxible  that  this  ever  occurs  during  life,  unless  under 
accidental  circumstances,  for  the  muscles  supplement  the  ligaments.  As  the  foot 
moves  into  dorsal  flexion  the  broadest  part  of  the  astragalus  comes  into  the  broadest 
part  of  the  socket,  forcing  the  malleoli  somewhat  apart.  In  some  cases  it  would 
appear  that  the  fibula  rotates  on  a  longitudinal  axis,  while  the  head  slips  backward, 
but  l>oth  the  degree  and  even  the  nature  of  the  movement  .ire  uncertain.  The  foot 
is  held  firm  and  immovable  by  the  spring  of  the  bones,  by  the  tension  of  the  pos- 
terior ligament  and  of  the  posterior  and  middle  divisions  of  the  external  lateral  one, 
and  especially  by  the  strong  posterior  part  of  the  internal  lateral.  In  extreme 
plantar  flexion  the  narrowest  part  of  the  astragalus  is  in  the  socket,  of  which  the 
bones  are  in  the  greatest  possible  approximation,  so  that  the  pad  of  fat  between 
them  is  squeezed  into  the  joint  and  rests  against  the  sickle-shaped  facet  of  the 
superior  surface,  except  that  the  hind  end  of  the  latter  is  against  the  posterior  tibio- 
fibular  ligament.  The  fold  in  the  posterior  ligament  is  brought  against  the  back  of 
the  bone.  The  anterior  ligament  and  the  anterior  parts  of  the  lateral  ones  are  tense. 
Further  support  is  gainecl  by  the  back  of  the  astragalus  below  the  articular  facet 
resting  against  the  back  of  the  tibia  so  as  to  lock  the  joint.  The  front  bands  of  both 
outer  and  inner  lateral  ligaments  are  tense.  The  action  of  the  numerous  muscles 
Crossing  the  ankle  is,  of  course,  greatly  to  strengthen  it  and  to  prevent  any  givinfi^ 
bctween  the  bones  when  the  ligaments  are  not  stretched  to  the  utmost.  Moreover, 
the  elasticitv  of  the  fibula  is  an  important  element  in  the  mechanics  of  the  ankle- 
joint.  and  one  that  makes  it  impossible  to  contrive  a  model  that  will  represent  the 
conditions  actually  existing. 

THE   ARTICULATIONS   OF  THE   FOOT. 

As  has  been  shown,  the  bones  of  the  foot  are  so  arranged  (Fig.  431)  that  the 
astragalus,  i)hiced  on  the  calcaneum,  carries  \vith  it  the  three  inner  toes.  whilc  the  two 
outer,  resting  on  the  cui)oid,  are  more  under  the  influcnce  of  the  movements  of  the 
calcaneum.  It  is.  ho\vever.  possible  for  the  scaphoid  and  cuboid  to  move  togcther 
on  the  two  proximal  bont^.  The  essential  joints  for  the  movi-ments  of  the  foot, 
bi*sides  the  ankle- joint.  are  those  betvveen  the  calcaneum  and  astra f!;alus  and  those 
b<*i\vfi'n  the  astraa^alus  and  scap9wid  and  ihe  calcaneum  and  cuboid  respectively. 
Tile  joints  lK*tween  the  smaller  bones  at  the  front  of  the  tarsus  are  mechanicallv  un- 
important,  being  chiefly  tf)  break  shorks  and  to  allo\v  an  indefinite  giving  in  the 
arch  of  ihe  foot.      As  certain  ligaments  an*  conrerned  in  the  protection  of  ae\'eFal 

*  Lig.  lal«ilHil«rc  aatcrivB.    *  Lig.  Uli  hlmUrc  »— t<rt»».     '  Lig.  calcanc«bbal«rc. 


THE   INTEROSSEOUS   LIGAMENTS.  44i 

jcunts,  tt  is  best  first  to  study  the  ligaments  of  the  foot  aH  togcther,  beginning  with 
such  as  are  essential  parts  of  the  frainework  then  to  exainine  the  joints  serialim; 
and,  fi[ially,  to  discuss  the  mot  ons  of  the  foot  as  a  whole.     In  the  čase  oi  the  smaller 


Mgatnents  it  is  our  object  to  avoid  pedantic  attention  to  useless  details.     We  shall 
—onsider  first  the  interosseous  ligaments,  then  the  dorsal,  and  lastly  iheplantar  ones. 


THE   INTEROSSEOUS   LIGAMENTS. 

The  astragalo-calcaneal  (Fig,  457)  is  a  thick  layer  of  fibres  filling  the 
^roove  between  the  two  adjacent  articular  surfaces  of  each  bone.  At  the  outer 
part,  where  the  groove  widens,  it  tends  to  divide  into  two  layers.  A  considerable 
quantity  of  fat  is  found  in  its  meahes.  Each  side  of  it  is  lined  by  the  synovial  mem- 
Drane  of  the  joints  which  it  separates,  An  occasional  superficial  band — the  external 
Utragalo-calcaneal  (Fig.  457') — may  be  continuous  wilh  this  ligament. 

The  calcaneo-cubo-acaphoid  (Fig.  460")  fseen  by  removing  the  astragalus 
and  the  synovial  membrane  covering  it)  is  a  series  of  short.  strong  fibres,  collected 
into  bundles,  joining  the  front  of  the  calcaneum  with  the  outer  border  of  the  scaph- 
oid,  and  by  a  weaker  division  with  the  inner  side  of  ihe  cuboid.  It  forms  the  outer 
part  of  the  capsule  for  the  head  of  the  astragalus,  reaching  to  the  doreum.  This 
eapsule  is  completed  by  the  superior  and  inferior  calcaneo-scaphoid  ligaments. 
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The  cubo-acaphoid  (Fig-  45*1)  psisac-s  crossuise  between  these  bones,  close 
to  the  last  linainent.  lis  sizo  varies,  bcing  in  invcrse  ratio  to  the  articular  facet 
l)elwccn  tliL'  boncs  it  unitt-s. 

Thf  cubo-cuneiform  (Fik-  458)  is  ;i  siroiiK  band  connecting  thc  iion-articuur 
surfaccs  of  tlic  ciilx)i(l  and  the  outcr  cuneifomi  at  iheir  distiU  ends  Irom  tht  [tlantar 
to  the  dorsal  bordcr, 

The  intercuneiform  (Fig.  45«)  are  strong  ligamunta  connecting  the  distai 
non-articular  siirfates  of  these  bones,  That  from  the  inner  side  of  the  middle 
cuneiform  d(>es  nnt  ci>mpleteiy  sepanite  the  joints  bcfore  and  l>ehind  it.  The 
arrangement  bem-een  the  middle  and  outer  cnneiforms  is  variable  in  this  respect. 

The  interosseous  tarso-mctatarsal  ligaments  (Fig.  4.S8)  are  an  inner  and 
an  onter,  wiih  an  occasional  middle  one.  The  inner.  a  strong  l>anil  arising  (rom 
the  oiUer  side  of  the  internal  cuneiform  »here  it  overlaps  the  second  metatarsal,  runa 
obliqucly  oulward  and  fornard,  most  of  its  fibres  going  to  that  bone,  bul  a  few  to  the 

Fm.  459. 
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outer  side  of  the  first  metatarsat.  The  outtr  interosseous  Hgament  arises  from  the 
adjacent  sidcs  of  the  external  cuneiform  and  the  cuboid,  mingUng  wilh  the  fibres  of 
the  ligament  already  desoribed  as  passing  betuecn  them,  and  runs  forvard  to  ihe 
inner  nide  of  the  iKise  of  the  fourth  metatarsal,  to  the  rough  surface  proKimal  to  the 
facet,  anil  to  the  |i!;iiitar  half  of  the  outer  side  of  the  third.  The  middle  intercsseous 
liganient  is  inconstant  and  smalt.  It  runs  from  the  outer  cuneiform  to  the  second 
metatarsal. 

The  interosseous  intermetatarsal  ligaments  (Fig.  458)  are  strong 
lunds,  liest  seen  on  section,  iKlneen  the  liasos  of  the  four  ouler  tx>nes,  The  few 
tibres  tH:tween  the  liasea  of  the  rirst  and  secnnd  do  not  deserve  the  name. 

The  distai  intermetatarsal  ligament  is  not  an  interosseous  one,  properly 
Kpeaking,  biit  is  mentioned  here  as  it  Is  an  important  piece  of  the  general  framework. 
It  is  a  hliroiis  band  connecting  the  glenoid  rartilages  at  the  inetac:upo-phalangeal 
jnints  precisely  as  in  the  hand,  e.tcept  thiit  it  gocs  to  the  great  toe  as  well  as  to  the 
others. 

THK   DORSAl.    MGAMENTS. 

Jhf  di>rsa/ /ig-amenis  ni  the  tarstis  are  a  nnmber  of  lxinds  of  varving  degrces 
of  ilistinctness,  ali  nf  »hich,  in  part  at  Icast.  a-jsist  in  furming  the  eapsules  of  the 
lariiiii?.  jnints.  atthongh  ihev  m;iy  extenii  f;irihi-r, 

Thr  superior  astragalo-scaphoid  (  Fig,  4fio>  mi^jhl  In-  divided  into  an  inner 
pan.  . KMipoMd  i>(  lilires  rtnniinj;  from  the  inner  side  of  the  former  lione  to  the  inner 
and  dorsal  aspcrt  of  the  lainr,  and  into  a  ildi.-al  p:irt.  rnnning  Irom  the  tnargin  of 
ihi-  lua.l  ol  the  astragahis  forward.  with  an  inclination  either  inward  or  outwai^. 
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A  series  of  well-[narked  but  not  strong  ligaments  radiate  forward  and  outward 
from  the  scaphoid  (Fig.  460):  three  dorsal  scapho-cuneiform  and  one  scapho- 
cuboid  ligam  cnt. 

The  dorsal  calcaneo-cuboid  ligament  (Fig.  460)  is  a  thin  band  of  little 
note.  The  interosseous  calcaneo-cubo-scaphoid  reaches  the  dorsum  by  the  part 
going  10  the  scaphoid.  The  ligament  just  mentioned  is  sometimes  continuous  with 
it  at  its  origin,  and  the  two  have  been  callcd  by  French  anatomists  the  Y'-ligamen(, 
to  which  much  consequence  has  been  ascribed.  The  interosseous  ligament  is  the 
important  one. 


~a»<~»n«K:obo-Kapho  ■ 


^^  The  dorsal  tarso-metatarsal  ligaments  (Fig.  460)  are  simplc  (or  the  first 

™***tiilarsal,  being  bands  runnin^  from  tlK-  iiiternal  cuneiform.      For  the  othors  lhey 
.  '"^     more   irret'iilar.   and  lliere    is    an  interlacing  wilh  transverse  dorsal  H}.c^inent3 
the   outcr  lour  boncs  and  the  sccond  to  the 
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interna!  cuneiform.  The  bands  over  thc  cuboid  and  the  two  outer  metataraals  are 
closely  interwoven  with  the  tendun  of  thc  peroneus  tcrtius  when  that  muscle  is 
present.  These  ligaments  constitute  an  iiiterruptcd  scries  of  ban<ls  converging  lor- 
uard  from  either  sidv  ol  the  foot. 

The  dorsal  lijraments  are  weak,  and  necd  the  help  of  thc  extcnsor  muscl«s  of 
the  tues  to  resist  the  strain  of  the  strong  muscies  of  thc  solc. 

THE   PLANTAR   LIGAMENTS. 

The  plantar  lij^aments  are  of  three  kinds  :  (a)  those  passing  from  one  bone  to 
the  next,  and  therefore  nothiiig  biit  thickenings  of  the  capsule  ;  (Aj  those  passii^ 


from  one  l>one  tn  one  or  sevend  distant  ones  :  ( <■ )  and  those  contimious  with  the 
lendon  of  the  titiialis  posticus.  which  is  verv  strong  and  has  a  f;ir-rcaching  action. 
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The  plantar  calcaneo-cuboid  ligaments  are  the  long  and  the  short,  The 
fonner,  known  as  the  long  plantar  ligament  (Fig.  461),  arises  from  the  perios- 
teum  of  the  under  side  of  the  calcaneum  in  front  of  the  posterior  tubercles,  and  runs 
fonvard  as  a  flat  band,  at  first  some  two  centimetres  broad,  to  the  whole  length  of 
the  ridge  of  the  cuboid,  except  its  inner  end.  It  passes  beyond  this  to  the  bases  of 
the  outer  three  metatarsals  in  a  somewhat  broken  and  weak  layer  of  fibres  forming 
a  bridge  over  the  groove  for  the  tendon  of  the  peroneus  longus.  The  short 
plantar  ligament  (Fig.  461)  is  in  part  hidden  by  the  longer,  but  is  seen  at  its 
inner  side.  It  arises  from  the  anterior  tubercle  of  the  calcaneum  and  the  bone  in 
front  of  it  and  goes  to  the  under  side  of  the  cuboid,  between  the  posterior  border 
and  the  ridge.     The  inner  fibres  run  obliquely  foru-ard  and  inward. 

The  inferior  calcaneo-scaphoid  ligament  (Fig.  460)  fills  the  gap  on  the 
plantar  side  of  the  foot  between  the  sustentaculum  and  the  scaphoid.  It  is  more  or 
less  divisible  into  two  parts,  which  have  a  common  origin  from  the  anterior  border 
of  the  sustentaculum.  The  inner  and  stronger  p«'irt  runs  obliquely  forward  and 
inward  to  the  lower  border  of  the  scaphoid  near  the  tuberosity.  The  outer  f)art 
runs  more  nearly  straight  fonvard  to  the  outer  part  of  the  same  border.  There  is 
generally  a  small  interspace  between  them.  The  upper  surface  of  the  inner  portion 
of  the  ligament  is  covered  by  a  coating  of  articular  cartilage  completing  the  joint 
for  the  head  of  the  astragalus.  This  cartilage  is  usually  wanting  at  the  anterior 
outer  angle  of  the  space  between  the  bones.  Beneath  and  to  the  inner  side  of  the 
ligament  runs  the  tendon  of  the  tibialis  posticus.  On  the  inner  side  of  the  foot 
this  ligament  is  continuous  with  a  part  of  the  superior  astragalo-scaphoid  and  with 
the  termination  of  the  deltoid  ligament. 

The  inferior  scapho-cuboid  ligament  (Fig.  461)  is  an  insignificant  group 
of  fibres. 

The  inferior  scapho-cuneiform  ligaments  (Fig.  461)  are  three  distinct 
Innds,  of  which  the  inner  is  the  broadest,  the  others  being  more  cord-like,  diverging 
:Arom  the  under  side  of  the  scaphoid  to  the  three  cuneiform  bones.  They  are  ali 
^X)ntinuous  wilh  the  fibres  of  the  tendon  of  the  tibialis  posticus. 

On  the  plantar  side  there  is  a  very  irregular  arrangement  of  fibres  passing  from 
^he  tarsus  to  the  metatarsus  and  a  considerable  svstem  of  oblique  fibres  running 
£jiward  and  fonvard  from  the  cuboid  and  the  fifth  metatarsal  to  the  extcrnal  cunei- 
form and  to  the  bases  of  several  metatarsal  bones. 

The  joints  of  the  phalanges  are  on  the  same  plan  as  in  the  hand  and  require  no 
f  uirther  description.  The  sesamoid  bones  at  the  tarso- metatarsal  joint  of  the  great 
are  very  large  and  connectcd  by  the  glenoid  ligament. 

THE   POSTERIOR   CALCANEO-ASTRAGALOID   JOINT. 

This  joint  (Fig.  460)  is  separated  from  the  anterior  by  the  interosseous  ligament, 
meh  is  continuous  with  the  capsule  that  completelv  surrounds  the  articulation. 
is  capsule  is  in  most  parts  \veak,  but  is  strengthened  behind  by  the  posterior 

galo-calcaneal  ligament. 


K 
K 


THE  ANTERIOR   CALCANEO-SCAPHO-ASTRAGALOID   JOINT. 

This  articulation  ( Fig.  460)  may  be  called  a  ball-and-socket  joint,  although  the 

d  of  the  astragalus  is  not  a  part  of  the  surface  of  a  sphere.    The  articular  surfaces 

J^^^V^e  been  described  vvith  the  bones.     The  socket  is  made  hy  the  anterior  articular 

^"^'^t  or  facets  of  the  calcaneum,  by  the  posterior  facet  of  the  scaphoid,  by  the  inter- 

^ous  ligament  joining  these  externally,  and  by  the  inferior  calcanco-scaj)hoid  liga- 

»it,  with  its  cartilaginous  plate,  which  fuses  on  the  inner  side  with  the  superior 

*  ^^neo-scaphoid  and  the  deltoid  ligament,  ali  of  \vhich  make  a  capsule  around  the 

<i,  completed  by  the  interosseous  astragalo-calcaneal  ligament.      A  fold  of  syno- 

^      — *  membrane,'  variouslv  developed,  \vhich  may  contain  fihrous  tissue,  is  generally 

J     ^^rid  on  the  floor  of  this  socket,  extending  back  from  the  intcrruption  of  the  anterior 

*^^ton  the  calcaneum,  or  from  a  corresponding  plače  \vhen  it  is  simple,  to  the  inferior 

'  E.  Barclay  Smith  :  Journal  of  Anatomy  and  Physioloji^',  vol.  xxx.,  1896. 
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border  of  thc  hcad  of  the  astragalus.     The  tendon  of  the  tibialis  posticus  directljr 
beneath  and  internal  to  the  joint  adds  to  its  security. 

The  motions  of  thc  two  subastragaloid  joints  must,  of  course,  be  considered 
tojifether.  They  are  resolvcd  into  turning  on  an  oblique  axis  ninning  through  the 
interosseous  ligament,  somcwhat  internal  to  its  middie,  downward  with  something 
of  a  backward  and  inward  inclination.  Rotating  on  this,  the  postcrior  concave 
articular  surface  of  the  astragalus  twists  with  a  screw  motion  on  the  op|)osed  surface 
of  the  calcaneum.  As  the  back  of  the  astragalus  moves  upuard  and  outward,  the 
head  passes  down\vard  and  inward  in  the  socket.  This  movement  is  stopped  by  thc 
front  of  the  posterior  articular  surface  of  the  astragalus  catching  in  thc  hollow  at  the 
front  of  the  convex  surface  of  the  calcaneum  that  it  plays  on.  This  is  a  most  efliicient 
device  for  locking  the  joint.  The  opposite  motion  is  stopped  by  the  inner  posterior 
tubercle  of  the  astragalus  striking  the  back  of  the  sustentaculum  tali.  In  the  anterior 
joint  there  is  also  to  be  considered  the  motion  between  the  head  of  the  astragalus 
and  the  scaphoid.  The  strong  interosseous  and  inferior  calcaneo-scaphoid  ligaments 
do  not  allovv  much  displacement  of  the  scaphoid,  but  it  seems  that  it  can  travel  for 
a  short  distance  up  or  doun  and  in  or  out,  and  can  therefore  be  slightly  circum- 
ducted  ;  the  chief  motion,  however,  is  one  of  rotation  on  the  above-mentioned  axis 
through  the  astragalus.  Variations  in  the  slant  of  the  posterior  articular  surface  of 
the  os  calcis  must,  of  course,  modify  the  position  of  the  axis. 

THE  CALCANEOCUBOID  JOINT. 

The  calcaneo-cuboid  joint  (Fig.  458),  surrounded  by  a  capsule  the  inner  side 
of  which  is  formeci  by  the  interosseous  calcaneo-cubo-scaphoid  ligament,  is  a  modi* 
fication  of  iho  saddle-joint.  Apart  from  some  indefinite  gliding,  the  nature  and 
amount  of  which  varv  in  diffcrcnt  feet,  the  chief  motion  is  rotation  on  an  approxi- 
mately  anten)-j)()sterior  axis  running  through  the  joint.  It  might,  perhaps,  be  more 
accuratelv  detined  as  a  scre\v  motion.  This  movement,  however,  is  very  limited. 
Rotation  of  thc  cuboid  in  a  dircclion  that  would  raise  its  outer  border  is  checked  by 
the  interosseous  and  dorsal  ligaments  at  its  inner  side.  Rotation  in  the  opposite 
direction,  if  not  sooncr  arrcsted  by  the  ligaments,  is  ef!ectually  checked  by  thc 
plantar  tubercle  of  the  cuboid  catching  on  the  overhanging  lip  of  the  articular  surface 
of  the  os  calcis,  thus  locking  the  joint. 

THE   SCAPHO-CUBO-CUNEIFORM   JOINT. 

This  articulation  is  a  synovial  cavitv  bounded  behind  by  the  scaphoid,  extending 
fon\'aril  to  varying  distances  l)etween  the  different  bones.  Thus,  between  thc  first 
and  second  cunciforms  it  communicates  with  the  joint  of  the  second  metatarsal,  it  is 
usually  lK)unded  by  the  interosseous  ligament  between  the  second  and  third  meta- 
tarsals.  and  tinally  by  that  bet\veen  th<^  latter  with  the  cuboid.  The  motions  are 
verv  slight  in  each  joint  and  of  no  gfeat  importance  \vhcn  combined.  There  is  next 
to  no  motion  of  the  internal  cuneiform  of  the  scaphoid  and  verv  little  of  the  second. 
The  exlernal  moves  more  freclv,  sliding  slightly  up  and  do\vn.  The  interosseous 
ligaments  resist  the  undue  spreading  of  the  transverse  arch  of  the  foot. 

THE  TARSO-METATARSAL  JOINTS. 

That  of  the  first  metatarsal  bone  (Fig.  458)  is  an  indcpendent  joint  with  its 
o\vn  capsuU-,  the  interosseous  ligament  betvveen  the  internal  cunriform  and  thc 
serond  metatarsal  shutling  it  off.  Thc  front  of  the  cuneiform  is  convex  from  side  to 
siilr  and  alnint  phuu-  from  abovc  do\vn.  Rarelv  it  is  sul)divided  into  an  upper  and  a 
lourr  comparinunt.  It  mav  be  prolonge«!  onto  the  side  of  the  second  metatarsal. 
An  artitMilar  facrt  roatcd  \vith  cartilage  is  common  on  the  outer  side  of  the  first  meta- 
tarsal, l»ut  that  on  the  second  is  indistim  t  or  wanting.  It  scvms  that  this  is  simply 
a  hursa  in  most  casfs  just  i>fyond  thr  joint,  bul  tlicv  sometimrs  communicate.  I-at- 
eral  mr»tinn  with  this  metatarsal  is  the  most  free,  and  there  is  a  certain  sliding  up 
and  doun. 


THE   METATARSAL  JOINTS.  44; 

The  second  tarso-metatarsal  joint  opens  at  the  inner  side  into  the  great 
tarsal  )oint,  and  usually  with  that  of  the  external  cuneiform  and  third  metatarsal. 
The  motions  of   these  joints  are  slight  and 
indefiniie.  F'g.  46». 

The  fourth  and  fifth  tarso-metatarsal  ^"^ "'  S"'  metatar«! 

joints,  benveen  the  cuboid  and  the  two  ouler 
metatarsal  bones,  are  nearly  or  quite  sseparated  ^ 

from  the  preceding  bv  the  interosseous   liga-  ..n 

ment  irom  bettteen  the  outer  cuneiform    and 
the  cuboid  to  the  third  and  fourth  niet;itarsals  ;  j 

practicallv    they   form  a  distinct  joint.       The      ^^=^^.31 
motion  is  much  more  free  than  in  the  others.        'iw','i'u,  .,„.,„^„     (.,     . ,  ,- 
The  fourth  metatarsal  bone  plays  on  the  third  ■cnmi   igament 

by  a  facet  disul  to  the  interosseous  ligament  ™"''''"™'  ""'"larMiiS^t™  "'  ""'  """*' 
just  mentioned.      The  fifth   plays   stili    more 

ireely  both  on  the  fourth  and  on  the  cuboid.  The  motion  is  of  a  iiature  to  permit 
the  dtawing  of  the  outer  side  of  the  foot  downward  and  in»ard  si>  as  to  deepen  the 
hollow  of  the  šole.  It  also  alloivs  the  outer  metatarsals  to  be  displaced  dorsally 
when  the  uansverse  arch  is  flattencd. 

THE   METATARSO-PHALANGEAL  JOINTS. 

These  articulations  in  the  foot  are  similar  tn  the  corresponding  ones  of  the  hand, 
the  capsule  including  the  glenoid  and  lalcral  ligaments  :  the  latter  arise  from  both 
<he  tubercies  and  the  depressions  on  the  hcads  of  the  metatarsals.  That  of  the  great 
■•oe  is  large  and  distingiiished  hv  the  largc  sizc  of  the  sesamoid  bones,  which  are 
Snterposed  betvveen  the  head  of  the  metatarsal  and  the  ground.  As  in  the  hand,  there 
Ssno  glenoid  ligament  in  this  joint.  Tbc  transverse  metatarsal  ligament  differs  Irom 
Chat  of  the  hand  in  connccting  ail  the  toes.  The  motions  corrcspond  lo  those  of 
chehand,  but  the  ranue  of  dorsal  extension  is  greater.  Lateral  motion  is  possible 
^7nly  when  the  toes  are  nearly  straight. 

The  structure  and  motions  of  the  interphalangeal  joints  are  as  in  the  hand. 

SVNOVIAL  CAVITIES. 

The  following  synovial  cavities  are  found  CFiRS.  458,  46,^).  (O  That  of  the 
^ff*JbU'joinl  ^roper  \  (2)  \y\^ posterior  cakaiieo-astragalotd :  {^)  the  antiricr  ca/caneo- 
f^f^-agaioid  completed  by  llie  scajilioiii  ;  (4I  the  calcaneo-ciiboid :  (5)  the  scapho- 
ett^^^form  cuboid,  the  great  tarsal  cavitv  which  communicatcs  with  tfie  joints  at  the 
*>as«s  of  the  second  and  third  metatarsals  by  a  passage  at  the  inner  side  of  the  middle 
dj»»«form  and  sometimes  by  one  on  its  outer  side.  This  mav  also  open  into  the 
pr^c^eding  synovial  ca\'ity  ;  (6)  the  joint  l>etween  the  interna!  cuneiform  and  the 
/^^'s-J  metatarsal ;   (7)  that  of  the  cuboid  and  the  ouler  Ivo  metatarsals. 

The  arrangement  of  the  synovial  sacs  about  the  bases  of  the  second  and  third 
***etatarsals  is  variable. 

THE  FOOT  AS  A  WHOLE. 
The  foot  is  a  vault  »hich  may  be  considered  as  composed  of  an  indefinite  number 
5*'  ^rches  diverging  from  the  intemal  Hilierosity  of  the  cnlcancum  and  ending  in 
''^»»tatthe  headsofthe  metatarsals.  The  highest  arch  is  that  in  the  line  of  the 
S^e^t  toe,  a  fact  in  some  dcgrce  due  to  the  sesamoid  bones  tthich  are  between  the  head 
?■  *lie  firet  metatarsal  and  the  ground.  The  arch  at  the  outer  side  of  the  foot  is  the 
l^^^^^^st.  It  is  clear  from  this  conception  that  transverse  sectiims  of  the  foot  nuist 
H*^  show  an  arched  structure  the  details  of  vvhich  must  vary  with  the  line  of  sectitin. 
**^  shape  of  the  thrce  cuniifomis  is  an  essential  element  in  this  construction.  This 
^'Jlt  is.  however,  not  rigid,  hut  elastic  and  capahle  of  considerable  modilication  of 

*lie  under  varying  prcssure. 
•  ^.        In  the  motions  of  the  fof)t  the  essential  joints  Ik1ow  the  ankle  are  the  subastraga- 
^***'    and  those  betacnin  the  astra^alus  and  the  scaphoid  and  the  calcaneum  and  the 
'^^t^d. 
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The  boiits  in  front  ol  the  astragalus  and  os  calcis  move  \ery  much  as  a  unit. 
althou^h  ihere  n)ay  be  some  play  between  ihc  bcaphoid  and  cuboid  and  between  the 
latter  and  the  fifth  metatareal.  The  astragalus.  ha\in(,  no  niu&cle  insertcd  into  it,  is 
acted  on  in  the  ankle-joint  by  the  olher  boncb  as  ib  tht.  hrsit  row  of  the  carpus,  its 
motions  <lcpending  on  the  pressiire  it  receives  When  tht  foot  n.  in  extreme  dorsal 
flexion,  ali  ihe  joints  ol  the  tarsus  are  locked  and  no  motion  ib  posiiible      Staitinjf 

Fig.  463 


from  a  position  ol  moderate  flesion.  the  motions  (exceptinp  thosc  of  simple  flexion 
and  extension  which  occur  in  the  ankle )  are  cnmbinations  ol  adduction  and  abductiotl, 
inversion  and  eversion.  Adduction  is  }fenerally  combined  with  inversion,  and  these 
two  motions  are  more  extensive  than  the  opposite  ones.  Thev  practically  never 
occiir  pure.  Inversion  and  eversion  occur  chiefly  in  the  joints  below  the  astragalus, 
but  in  part  in  the  mid-tarsal  joint.  Ad<)uction  and  abduction  are  perhaps  about 
equally  divided  between  the  two  ;  but  il  the  calcaneum  be  held  by  one  hand  and  the 


igh  t  n*  (nnn  hnn»  nf  rlcfal  h 


Iront  of  the  foot  moved  by  the  other.  it  is  clear  that  thp  niid-tarsal  joint  alIow»  much 
more  alKhii-tiiin  and  adduction  than  eversion  and  inversion.  which  therefore  occur 
chiertv  U-tMi-en  the  calcaneum  and  astrajjalus. 

In  the  oniinarv  (»isilion  ol  sup]»ortinn  the  l»dy  it  appears  that  the  essential  arch 
is  thnmjjh  ihe  calcaneum.  the  cuU)id.  ihe  e\lernal  cunHIonn.  joincd  to  the  latter  l^ 
a  lirm  inierosscous  li^rament,  and  the  third  mctatarsal.'     This  can  bc  proved  l^ 


'  H.  v.  Meyer  :  ller  menschtiche  Fuss. 
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Fig.  466. 
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removing  the  first  and  fiftti  metatarsals  with  their  phalanges  and  the  tirst  cuneiform 
bone,  vithout  impairing  the  stability  of  ihe  foot,  The  fourth  metalarsal  may  next  be 
taken  away  vithout  trouble.  If  the  second  with  its  cuneiform  be  detached  with  čare, 
the  arch  is  stili  reasonably  firm.  It  is  possible  to  preserve  the  arch  afier  taking  out 
the  astragalus,  and  then  rcmoving  the  scaphoid.  Although  the  arch  stili  stands,  it 
will  bear  little  weight,  the  third  cuneiform  being  inadequately  supported  behind  ;  but 
with  the  scaphoid  and  astragalus  retained  tlie  arch  is  a  good  one.  The  archcs 
depend  very  much  for  their  stability  on  the  aclion  of  the  peroneiis  longus  and  the 
tibialis  posticus,  which  puli  against  each  other  from  oppositc  sidcs.  The  former  is 
efficient  in  maintaining  the  transverse  arch,  the  lattcr  in  maintaining  both  the  Irans- 
verse  and  the  antero-posterior.  To  these  should  be  adcied  the  plantar  fascia  and 
the  muscles  to  the  toes  arising  from  the  calcaneum.  When  in  life  the  weight  is 
tK]ually  divided  between  the  feet,  the  part  in  contact  wilh  the  groiind  is  the  heel,  the 
outer  border  of  the  foot,  ihe  region  of  the  heads  of  the  metatarsals,  and,  scparated 
from  the  rest,  the  balts  oi  the  toes,  \ihich  bear  no  weight.  The  oiiter  border  also,  as 
a  nile,  is  doing  no  *ork  and  often  does  not  even  touch  the  ground.  It  is  easy  to 
pass  a  thin  spatula  under  the  head  of  the  fifth  metatarsal,  and  usiially  not  hard  to 
pass  it  under  that  of  the  first,  thus  shouing  that  in  this  position  they  are  not  essential 
parts  of  the  arch.  When  the  whole  or  nearlv  the  whole  »eight  is  transferred  to 
one  foot  the  following  changes  occur.  The  head  of  the  astragalus  turns  inward,  at 
the  same  tirne  sinking  under  the  weight  of  the  body  so  as  to  make  a  prominence  at 
the  inner  side  of  the  foot.  The  internal  malleolus  foilow3  this  movement.  The 
outer  malleolus  advances,  but  docs  not  descend.  Thus  the  relation  of  the  front  part 
of  the  foot  to  the  posterior  is  one  of  abduclion  and  eversion.' 
region  changes  both  its  shape  and  position.  The  line  at  the 
outer  part  of  the  heel  is  the  only  part  that  remains  stationary. 
The  surface  of  pressure  (Fig.  466J  is  broader  at  the  heel  and 
stili  more  so  at  the  heads  of  the  metatarsals.  The  connecting 
strip  movcs  inward,  but  becomes  no  broader  ;  somctimes  it 
even  narrows.  The  chief  agent  in  resisting  this  change, 
'which  is  greater  after  fatiguc,  is  the  tibialis  posticus,  \vhich 
«pposes  the  inner  turn  of  the  head  oj  the  astragalus  which 
precedes  its  descent.  When  this  is  inadcquate,  the  change 
of  position  is  exa^crated  and  the  foot  breaks  down. 

As  the  heel  is  raised,  nnder  normal  conditions,  the 
■^»eight  is  transmitted  through  the  astragalus  chiL'fly  to  the 
fcones  and  soft  parts  forming  the  socket  for  its  head,  the 
«:alcaneum  receiving  little  of  it.  The  strain  comes  chiefly 
on  the  ligaments  securing  the  scaphoid,  for  that  bone  is  most 
«Arectly  in  the  line  of  pressure,  uhich  it  transmits  through 
the  front  of  the  tarsus  to  the  heads  of  the  metatarsals,  chiefly 

•  o  the  first  ;  but  in  this  la.Ht  respect  individuals  varv.      L'su- 

^"y  the  region  of  the  heads  of  the  metatarsals  narrows,  the 

^eight  being  l«>rne  chietfv  at  the  inner  side,  but  in  some 
*^^ses  by  ali  the  heads.  When  the  \veight  is  borne  by  the 
*^^S,  the  foot  being  inverted  and  abducted,  the  locking  by 

^f^^  catching  of  the  plantar  tubercle  of  the  ciiboid  in  the 
'^c^tor  of  stability. 

Surface  Anatomy. — The  malleoli  are  easilv  kit,  the  inner  being  ;■ 
**«t:er  longer  and  more  pointed  ;  the  latter  is  the  towcr  and  the  more  poste 
?'**cle-joint  is,  therefore,  more  easilv  opened  froni  the  inner  side.      The  front  loiver 
^*»"der  of  the  tihia  is  hard  lo  e.\aniine  on  acrount  of  the  e^tensor  lendons  ;  the  line 

*  *lie  joint  is  from  one  tn  two  centimetre«  altove  the  tip  nf  the  inner  malleolus,  run- 
^'^lil  transvereelv.      The  grnc-ral  features  of  ihe  os  calcis  ran  be  made  out.      The  sus- 

J?J^*3culum  is  distinct  and  the  pcronea!  spine  can  be  recogniw-<l.      Along  the  inner 

*P«,  the  head  of  the  astragalus  can  be  felt  at  the  dorsum  \vhere  it  enlcrs  ihe  hollow 

the  scaphoid.     The  tubercle  oE  the  iatt<r  is  krner  <Io«n  and  farther  forward.     The 


s  calcis 


mportant 


The 
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first  cimeiform  and  the  joint  behind  and  bcfore  it,  thc  first  metatarsal  and  perhaps 
the  inner  sesjimoid  come  in  order.  A  very  moderate  s\velling  obscures  most  of  these 
ix^ints.  On  the  outrr  side  thc  joint  between  the  calcaneiiin  and  the  cuboid  can  be 
found.  A  little  in  front  of  this  is  the  tiiberositv  of  the  fifth  metatarsal,  the  only  dis- 
tinct  landmark  on  the  outer  side.  The  general  dorsal  outline  of  the  tarsal  bones  is 
to  be  recognized,  but  only  under  favorable  circumstances.  The  dorsal  surfaces  of 
the  mctatarsiils  are  distinct.  The  joint  between  the  astragalus  and  calcaneum  behind 
and  the  scaphoid  and  cuboid  in  front  is  sinuous  :  convex  forvvard  at  the  inner  part 
and  tending  to  concavity  at  the  outer,  the  two  ends  of  the  line  being  nearly  in  the 
same  transverse  plane.  The  tarso- metatarsal  joint  is  very  oblique,  running  from 
within  out\vard  and  back\vard.  It  is  repeatedly  irregular,  the  chief  interruption  of 
the  direction  lx.»ing  at  the  mortise  of  the  second  metatarsal  between  the  inner  and 
outer  cuneiforms.  The  joints  of  the  first  phalanges  with  the  metatarsal  bones  are 
about  2.5  centimetres  behind  the  \veb  of  the  toes. 

PRACTICAL  CONSIDERATIONS. 

The  Ankle-Joint.  — Uncomplicated  dislocations,  inv^-ard  or  outward,  are  almost 
unknown  because  of  {a)  the  close lateral approximation  of  the  malleoli,  which are  held 
to  the  sides  of  the  astragalus  by  the  strong  inferior  tibio-fibular  ligaments  ;  {d)  the 
further  support  of  the  lateral  ligaments,  especially  the  inner  ;  and,  (c)  to  a  very 
minor  extent,  the  wavy  outline  of  the  upper  surface  of  the  astragalus,  which  slightly 
resists  sidewise  movements. 

Lateral  dislocations  are  accordingly  almost  al\vays  associated  with  fracture  of 
one  or  other  of  the  lx)nes  of  the  leg,  and  ha  ve  been  sufficiently  described  in  that 
connection  (page395).  They  are  incomplete.  In  addition  to  the  inward  or  out- 
ward  movement  of  tlie  astragalus  it  undergoes  a  partial  rotation  on  an  antero-f)OSterior 
axis,  so  that  its  tibial  surface  }K)ints  obli(}uely  upward  in  a  direction  opposite  to  that 
of  the  displacement. 

Reduction  is  easy  and  the  after-treatment  is  that  appropriate  to  the  fracture. 

^ar^a'an/dish)cations  of  the  astragalus — i.e.,  of  the  foot  ( which  are  etiologically 
foru-ard  dislocations  of  the  tibia ) — are  resisted  by  {a)  the  shape  of  the  upper  articukir 
surface  of  the  astragalus,  which  is  about  one-fourth  narrower  behind  than  in  front ; 
(^)  the  corresponding  shape  of  the  irregular  arch  in  which  the  astragalus  rests  ;  (V) 
the  outward  slope  from  behind  foru'ard  of  the  lateral  facets  of  the  astragalus  ;  {^d)  the 
lower  level  of  the  posterior  as  compared  with  the  anterior  articular  edge  of  the  dbia  ; 
and  (^)  the  reinforcement  of  the  i)osterior  ligament  l>y  the  tendon  of  the  f^exor  longus 
hallucis.  If  it  were  not  for  these  provisions,  the  frecjuency  with  which,  in  alighting  on 
the  ground  in  running  or  jumping,  the  foot  is  fixed  and  the  tibia  is  driven  fonvard 
against  the  weak  anterior  ligament  would  render  these  Iuxations  much  more  common. 
An  even  more  powerful  leverage  is  produced  in  the  s;une  direction  when,  the  foot 
being  ^\*i^,  a  fall  backward  thrusts  the  lower  end  of  the  tibia  fon\'ard.  As  it  is,  thc 
backward  far  exceed  in  frequency  the  foruard  luxations  beaiuse,  although  the  above- 
mentioned  anatomical  factors  favor  the  latter,  the  weight  of  the  body  is  scarcely 
ever  brought  upon  the  limb  in  such  a  direction  and  with  such  force  as  to  induce- 
them  (  Humi)hry ). 

In  backward  luxation   the  tibia  rests  upon   the  scai)hoid  and  cuneiform,   the 
anterior  ligament  is  rui)tured,  and  the  posterior  and  latenil  ligaments  are  lacerated« 
The  foot  is  shortened  from  the  lower  anterior  i^A^^t  of  the  tibia  to  the  webof  the  great 
toe,  the  heel  is  lengthened,  the  tendo  Achillis  describes  a  marked  cur\'e  backu'ard, 
and  the  dei)ressions  on  either  side  of  it  are  exaggerated. 

Sprains  of  the  ankle,  on  account  of  its  jK)sition,  \vhere,  in  lateral  twists,  it  can 
receive  through  the  leverage  of  the  whole  lo\ver  extremity  the  weight  of  the  entire 
ImkIv,  are  more  common  than  of  any  other  joint. 

This  f(»rce  is  nearly  always  applied  through  eversion  or  inversion  (aMuction  or 
.idductinn)  of  the  f(H)t,  usually  the  former,  and  the  injur\'  consists  in  laceration  of  thc 
fiiircs  of  a  lateral  ligament  \vith  strain  of  some  of  thc  tendons  in  relation  to  the 
mallfoli,  and  bruising  and  pinching  of  Ioom-  svnr )\  ial  nu-mbrane.  More  rarely 
exlrcmc  d«»rsiHcxion  \viil  injurc  ihc  posterior  ligament  and  ihe  jjosterior  portions  of 
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the  lateral  ligaments  (which  limit  that  movement),  and  further  injury  may  be  done  to 
the  synovial  sac  or  to  the  periosteum  or  to  the  bones  themselves  by  the  forcible 
impact  of  the  anterior  ardcular  edge  of  the  tibia  upon  the  astragalus.  Sprain  from 
hyperextension  (plantar  flexion)  is  stili  rarer. 

In  sprains  from  abduction  there  may  be  in  the  severe  forms  a  momentary  slight 
outward  subluxation  of  the  astragalus,  as  the  shaft  of  the  fibula  is  elastic  enough  to 
permit  of  this  without  fracture. 

The  looseness  of  the  synovial  sac  (which  is  said  to  contain  normally  a  relatively 
larger  amount  of  synovia  than  any  joint  in  the  body ) ,  the  dependent  position  of  the 
region,  and  the  remoteness  from  the  centre  of  circulation  make  the  swelling  and 
therefore  the  tension  of  the  joint  and  the  pain  following  sprain  very  noticeable. 

Disease  of  the  joint  is  frequent  for  the  same  reasons  that  sprains  are  frequent  and 
severe. 

In  simpl.e  (traumatic)  synovitis  the  swelling  is  marked.  It  appears  first  in  front 
beneath  the  thin  anterior  ligament,  especially  towards  the  outer  side  just  in  advance 
of  the  lateral  ligament,  because  there  the  membrane  is  less  bound  down  by  extensor 
tendons.  Later  the  swelling  extends  dovvnward  to\vards  the  dorsum  of  the  foot  for 
an  inch  or  more,  the  extensor  tendons  are  pushed  fon^ard,  and  a  fulness  appears  on 
^ither  side  of  the  tendo  Achillis  which,  stili  later,  extends  below  the  malleoli.  The 
posterior  swelling  is  perhaps  the  most  valuable  for  diagnosis,  as  it  is  not  so  likely  as 
"the  anterior  swelling  to  be  confused  with  that  produced  by  disease  of  tendon-sheaths 
^>r  of  separate  bones  or  joints  of  the  tarsus. 

It  may  be  remembered  in  this  connection  that  the  general  shape  of  the  swelling 
in  ankle-joint  disease  is,  rudely,  like  that  of  an  "anklet," — horizontal, — while  the 
^iweiling  of  teno-synovitis  is  more  or  less  vertical  in  direction. 

No  early  distortion  of  the  foot  is  produced,  as  the  capacity  of  the  joint  is  but 
lattle  influenced  by  position  ;  but  later  the  calf  muscles  are  apt  to  overcome  the 
^»nterior  tibial  group  and  to  draw  up  the  heel,  causing  "  pointing"  of  the  toes. 

Tuberculosis  is  common,  and  is  unfavorable  in  its  course  because  of  the  ana- 

-comical  conditions  above  recited,  the  proximity  of  the  numerous  tendon-sheaths,  the 

cromplex  synovial  sacs  of  the  tarsus,  and  the  large  amount  of  cancellous  tissue  in  the 

ighboring  bones,  and  also  because  of  the  difficulty  of  securing  complete  rest  and  at 

same  time  keeping  up  the  general  health. 

Excision  is   rarely  performed,   and    is   unsatisfactory  ;    but  arthrectomy ,  done 

cfirough  long^tudinal  incisions  in  front  of  both   malleoli,   and  with   division  of  the 

"lalleoli  themselves,  or  removal  of  the  astragalus,  if  it  is  diseased,  has  been  followed 

t>y  fi^ood  results.     If  the  astragalus  is  to  be  removed  and  the  malleoli  spared  ( which 

>s  oSrten  desirable  on  account  of  the  proximity  of  the  epiphyseal  lines),  the  lateral 

'•gpaments  will  have  to  be  divided.     By  one  or  other  of  these  plans  ample  access  to 

the     interior  of  the  joint  can  be  obtained.     Syme's  amputation  is,   however,  pre- 

*^«"^^  by  many  surgeons,  if  ankle-joint  disease  is  at  ali  extensive. 

The  horizontal  line  of  the  ankle-joint  is  about  half  an  inch  above  the  tip  of  the 
'■^  tarnal  malleolus  and  therefore  an  inch  above  the  tip  of  the  external  malleolus. 

The  Joints  of  the  Tarsus,  Metatarsus,  and  Phalanges. — Dislocations  of 
^"^  astragalus — tibio-tarsal  dislocations — have  been  described  in  connection  with  the 
*^^lcle-joint. 

Subdsiragaloid  dislocations — i.e, ,  of  the  calcaneum  and  scaphoid  from  the  astrag- 
^^l^s^ — are  almost  always  either  in\vard  and  back\vard  or  out\vard  and  backward, 
^^*^fly  because  of  the  shape  of  the  opposing  articular  surfaces  of  the  calcaneum  and 
*^t:r^^lus.  The  upper  surface  of  the  os  calcis,  as  it  advances  for\vard,  descends 
_^^cienly  from  a  superior  to  an  inferior  level,  giving  the  articular  processes  an  oblique 
•  ^.,  approximately  vertical — direction.  to  \vhich,  of  course,  the  direction  of  the 
oular  feicets  on  the  under  surface  of  the  astragalus  corresponds. 

It  is  obvious  that  much  more  resistance  is  offered  to  anterior  displacement  of 
calcaneum  than  to  displacement  in  the  opposite  direction,  and,  in  fact,  only  two 


th 


^^^niples  of  fonvard  subastragaloid  dislocation  have  been  recorded. 

The  astragalo-scaphoid  joint  is  involved  also.  but  the  rounded  head  of  the 
^^^T^agalus  oflfers  but  little  resistance  to  the  back\vard  or  lateral  movement  of  the 
^^phoid,  which,  moreover,  is  held  firmly  in  connection  \vith  the  os  calcis,  and  carried 
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wilh  it  bemiiise  oi  the  jjreater  slreiiKlh  of  thi.-  calcatifo-scaphuid  as  compared  with  the 
astragiilo-scajtlioict  liifaments.  As,  wwins  tu  tlif  wi<lth  of  ihe  pflvis,  the  ot)li(iiiity  ni 
the  kitiiir,  mid  the  ciirvt-  of  tiit.-  tibi:i,  ihc  u-ei^'ht  iti  the  lMi(ly  is  traiisniittetl  tii  the 
astnifjiilus  ia  un  inn.ird  direction,  it  uiiuld  be  thsi>Uct-(l  inuurd  <  i.e.,  there  would  be 
ati  <mtward  lu\iUtiiii  i>f  the  os  cutcis  and  s(ra| ihoiil)  far  more  fretiuemi)-  than  in  the 
o|)|Kisite  direcliuTi  were  it  not  for  the  resislance  ofiered  by  the  pnijecliuii  of  the  sus- 
tentactihiin  and  the  lesser  artictilar  process  im  the  inner  si<ic  and  the  oiitward  ubti()uity 
of  tH>th  the  processes  i>(  the  jMisterior  calcaneti-astra^aloid  joint.  The  two  lateral 
dishications  assoriated  nith  stiiiie  displacemeiit  lxtckward  are,  therefore,  abuut  equ(il 
in  [re<]nency.  The  extensive  up|xised  articular  siirface:;  uf  the  oa  cakis  and  astragaliLs 
are  not.  as  a  nile,  i'i>mpletely  se|>arated  :  the  snialler  surfaces  of  the  astratralo-sicaphoid 
joint  are,  so  that  the  one  is  a  subluxation,  the  other  a  complete  liixation, 

The  lijrainents  iiniforinly  torn  are  the  interosseous  calcaiieo-astra^loid,  the 
astra^thi-scaphoid,  and  one  or  other  of  the  latenil  li^aments  of  the  ankle. 

In  inward  and  haokuard  lu\atioii  the  symptonis  are  (a)  shorteninf;  of  the  line 
betwcen  the  mid-imiiit  of  the  ankle  and  the  web  of  the  great  toe  ;  (6)  projection  and 
len^rthening' of  the  heel  ;  (r)  inversion  and  adduction  of  the  foot,  the  inner  border 
shortened  and  concave,  the  outer  len^^thened  and  convex  ;  (d)  jiartial  disappearance 
of  the  internat  malleolus  :  (cj  projection  of  the  sustentaculum  tali  beneath  and  behind 
it ;  (/)  projection  of  the  exlernal  malleotnii  and  of  the  head  of  the  astragalus  on  the 
outer  side  of  the  dorsutn,  with  vielding  spaces  in  the  soft  parts  beneath  each.  The 
axis  of  the  leg,  when  continue<l  downward.  falls  to  the  outer  side  of,  or  even  external 
to,  the  foot.  The  scaphoid  caii  Ik;  felt  on  the  inner  side  of  the  fooL  The  deformity 
resembles  that  of  tahpes  vanis. 

In  oiilward  and  b;ickward  liixation  a  and  d  are  the  same  ;  there  are  abduction  and 
evereion  of  the  foot,  and  disap|>earancc  of  the  outer  and  prominence  of  the  inner 
malleolus  ;  the  deCorn)ity  resembles  that  of  talipes  valgus. 

The  medio-tarsal — ;»stragalo-scaphoid  and  calcaiieo-ciiboid — articulation  usually 
esca|)es  injury  on  atcount  ot  the  elasticity  of  the  anterior  pillar  of  the  arch  of  the  foot 
(into  tthich  it  enters)  and  lx'cause  of  the  niimerous  joints  of  the  anterior  tarsal  and 
the  metatiirso-phalangeal  regions  which  take  up  and  cliffuse  force  applied  to  the 
anterior  part  of  the  foot. 

The  tirst  metatarsal  bone  is  more  frequently  dislocaied  from  the  tarsus  than  any 
o(  the  others.  as,  relatively  to  the  other  nhatanges.  are  the  proximal  phalanx  and  the 
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terminal  phah(iix  of  the  same  Uk:  These  dislocations  are  nearlv  always  upvrard. 
Disloi-ation  iif  the  pniximal  phalanx  o(  ihf  i;reat  tne  mav  l>e  as  difhcnlt  to  reduce 
as  is  Ihat  of  the  tliumb.  Morris  ibiiiks  that  the  sesamoid  Umcs  mav  aet  as  the 
anti-riiT  lit^amcnt  dcH-s  in  tlu-  lallrr  casc. — /.c.  bcing  more  linnlv  attaohed  to  the 
ph.il.in\  liian  to  ihc  mctalarsil  Ihimc.  thcy  mav  !«■  ti>rn  aHay  »ith  the  fonner.  and  bj- 
thiir  int<-r|H<>iiinii  pr.-vint  ndiHtinn. 

Thi-  iKiiiifnl  alTiitiun  known  :is  niiiafar.ia/giii  has  t>ecn  thoKght  (M<irtonl  to  be 
dii.-  !■>  tlic  po>iiion  iif  (h<-  rilih  nii*lalavsu-|ili;ij.uii^ial  juint,  so  iniicli  [loslerior  to  ihe 
ioiirlh  lli.il  the  base  of  ilu-  l.r^t  phalan.v  ..f  llu-  liltlc  Iifi'  i^  o|ip.isilf  tlit-  head  and  neck 
of  ihi'  ioiirlh  mclatarsii.  .-\s  iht-  fourth  ;niil  liitli  nuiatarsal  Umes  have  greater 
moliililv  Ihan  their  f<llo»s,  it  «a-,  suppoMil  ihai  ihis  rtlation  atlordeil  op|x>rtunily  lor 
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accidental  compression  of  the  branches  of  the  external  plantar  ner\'e.  R.  Jones 
thinks  ihat  it  is  often  a  communicating  branch  between  the  fourth  division  of  the 
intemal  plantar  and  the  external  plantar  that  is  compressed  between  the  bone  and  the 
jj^round  as  it  passes  beneath  the  head  of  the  fourth  metatarsal.  A  transverse  section 
of  the  foot  through  the  heads  of  the  metatarsals  sho\vs  that  the  first  and  fourth  bear 
the  most  pressure  (Fig.  467).  The  situation'of  the  plantar  digital  nerves,  superficial 
to  and  not  between  the  bones,  and  the  collapse  of  the  transverse  arch  in  most  cases  of 
metatarsalgia,  broadening  the  intervals  between  the  bones,  but  increasing  pressure  on 
the  structures  beneath  them,  support  the  latter  vie\v. 

Flat-foot  is  so  closely  associated  in  its  anatomical  deformities  with  talipes  valgtis 
that  it  will  be  considered  in  relation  with  the  latter,  which,  with  the  other  varieties  of 
club-foot,  can  best  be  understood  after  the  muscles  and  fasciae  of  the  leg  and  foot 
have  been  described. 

Disease  of  the  tarsal  joints,  like  that  of  the  bones,  is  most  frequently  tuberculous 
in  character,  and  is  more  apt  to  remain  localized  when  it  is  situated  in  the  posterior 
pillar  of  the  main  arch, — i.e.,  in  the  posterior  half  of  the  calcaneo-astragaloid  joint. 
Jf  in  front  of  the  interosseous  ligament  dividing  that  articulation,  or  if  in  either  of  the 
mid-tarsal  joints  (with  which  it  communicates),  or  in  any  of  the  remaining  four 
synovial  cavities,  it  is  apt  to  extend  much  beyond  its  original  limits.  The  circum- 
stances  that  favor  the  origin  (page  437)  and  influence  unfavorably  the  course  of  bone 
disease  in  this  region  apply  in  the  main  to  disease  of  the  joints.     In  whichever  tissue 

bony  or  synovial — it  originates,  it  is  apt  to  spread  to  the  other.     The  astragalo- 

^caphoid  joint,  on  account  of  its  superficial  position  and  its  range  of  motion  (which  is 
^^eater  than  that  of  any  of  the  joints  below  the  ankle),  is  most  apt  to  be  affected. 
^The  situation  of  the  swelling  and  tenderness  will  usually  differentiate  it  from  ankle- 
j^int  disease  (page  450).  Probably  on  account  of  the  diffuse  infection  of  the  abundant 
^rancellous  tissue  of  the  tarsal  bones  (either  primary  or  secondary  to  joint  disease), 
i^emote  tuberculous  infection — phthisis — follovvs  or  accompanies  disease  of  the  ankle 
.^nd  tarsus  more  frequendy  than  it  does  disease  of  any  other  part  except  possibly  the 
-*^rist  (Cheyne). 

G^<?tt/ affects  peculiarly  the  metatarso-phalangeal  joint  of  the  great  toe.  In  516 
of  gout,  341  were  of  one  or  both  of  the  great  toes  alone  and  373  of  the  great 
with  some  other  part  (Scudamore).  This  is  dne  to  {a)  the  abundance  in  that 
on  of  dense  fibrous  tissue  of  little  vascularitv  ;  {b)  its  remoteness  from  the  heart, 
t:fie  force  of  the  circulation  being  at  its  minimum  ;  (r)  the  large  share  of  the  body 
**'<?i^ht  which  it  sustains,  as  the  anterior  extrcmity  of  the  main  arch  of  the  foot  ;  (</) 
tHc  frequency  of  traumatism  :  {e)  the  constant  exposure  to  cold  and  damp  ;  (/")  its 
?ndent  position. 

Landmarks. — The  ankle-joint  {q.v.^  lies  about  half  an  inch  above  the  tip  of 
inner  malleolus.      Syme's  aniputation   is  done   through  this  joint,  the  incision 
made  from  the  tip  of  one  malleolus  to  the  tip  of  the  other,  and  at  right  angles 
e  long  axis  of  the  foot. 

The  mid-tarsal  joint  (through  \vhich  Chopart's  amputation  is  done)  runs  out- 
from  a  point  just  back  of  tlie  scaphoid  tuixTosity,  and  passes  directly  over  the 
tim  of  the  foot  to  a  point  a  little  in  advance  of  the  middle  of  a  line  bet\veen  the 
f  the  external  malleolus  and  the  tuhcrositv  of  the  fifth  metatarsal. 
Ti^e  tarso- metatarsal  joint  lx\i;ins  at  a  point  about  one  and  a  half  inches  in  front 
^^     t:lie  tubercle  of  the  scaphoid, — i.c,  just  back  of  the  base  of  the  first  metatarsal, — 
^^^^es  at  first  directly  out\vard,  then  passes  irrei^ularlv  around  the  three  sidcs  of  the 
^^■^ise  betvveen  the  internal  and  external  cuneiforms  in  which  the  base  of  the  second 
'^^^^^.tarsal  rests,  and  then  slopes  sli^htly  backuard  to  its  easilv  recognized  termination 
^^   ^he  outer  side  of  the  foot,  just  behind  the  base  of  the  fifth  metatarsal. 
,  Hey's  amputation  begins  and  ends  at  the  t\vo  extremities  of  this  joint-line,  but 

.    ,^   projection  of  the  internal  cuneiform  is  saun  across.     In  Lisfranc's  amputation  the 
v?**^t-line  is  followed  throughout.     The  metatarso-phalangeal  joints  lie  an  inch  behind 
^^  i  nter digital  web. 
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THE  MUSCULAR  SVSTEM. 

Muscular  Tissue  in  General. — Contractilitv,  althouj^^h  cxhibited  to  som< 
dejT^ree  by  ali  living  protoplasm,  is  possessed  especially  by  muscular  tissue,  the  sun 
of  thc  contractions  of  such  tissue  beinj^  cxi)ressed  in  motion,  the  most  conspicuou: 
characteristic  of  ali  the  hij^jher  forms  of  animal  life.  Muscular  tissue  represents  a  hi^jl 
specialization  in  \vhich  contraction  takes  i)lace  alonj^^^  definite  lines  corresponding  tt 
the  lonj^  axes  of  the  component  cells,  in  contrast  to  the  uncertain  contractility  occurring 
within  other  elements. 

The  siniplest  form  of  contractile  tissue.  as  seen  in  some  of  the  low  invertebrates, 
is  rei)resented  by  elements  of  which  the  superficial  part  is  related  to  the  intcgument, 
the  deeper  being  difierentiated  into  contnictile  fibres.  Although  such  musculo-epithe 
lial  cells  may  form  an  almost  comi)lete  contractile  laver,  the  muscular  fibres  do  noi 
exist  as  an  independent  tissue.  The  difierentiation  of  certain  cells  into  definite  mus 
cular  tissue.  ho\vever,  soon  appears  in  the  members  of  the  zoological  scale.  although 
the  existence  of  a  distinct  muscular  system  is  deferred  until  an  adequate  nervou! 
system  is  deveh^ped. 

In  the  higher  animals  muscular  tissue  appears  in  two  chief  varieties,  the  striaied 
and  non-striatcd^  depending  upon  the  respecti\e  histological  characteristics  of  theii 
constituent  elements.  The  former  makes  up  the  muscles  controlled  by  the  wiU,-  anc 
is,  therefore.  .ilso  termed  voluntary  muscle  ;  the  latter,  which  constitutes  the  contrac 
tile  tissue  \vithin  the  \valls  of  the  hollow  viscera,  blood-vessels  and  other  tubes,  acfc 
independently  of  volition,  and  is  spoken  of  Jis  involuntarv  viuscle.  The  last  namec 
is  sometimes  also  designated  vey;etative  muscle,  since  the  organs  in  which  it  is  prescnl 
are  largelv  concerne<i  in  the  nutritive  processcs  ;  the  term  animal  may  be  applied  ir 
contrast  to  voluntary  muscle.  The  association  of  the  striated  muscle  with  res[X)ns( 
to  volition  and,  on  the  contrary,  of  the  non-striated  variety  with  involuntar>'  actior 
must  be  accepted  with  certain  reservations,  since  in  some  anim«ils  the  development  o' 
marked  striation  never  takes  i)lace  \vithin  the  fibres  of  voluntary  muscle.  There  is, 
indeed,  not  a  little  evidence  going  to  show  that  the  structural  differences  which  exisl 
lx*tween  the  striated  and  non-striated  musculature  are  correlated  with  their  ph)'5iO' 
logical  activitic*s,  and  that  no  fundamental  distinction  can  be  drawn  between  theii 
on  i)nrely  morphological  grounds.  Muscles  \vhich  in  one  grouj)  of  animals  possess 
the  characteristics  of  striateil  muscle-tissue  may,  in  another  group,  be  representec 
by  lum-striated  fibres  (the  muscles  of  the  cvsophagus,  for  instance),  and  it  seems 
probabie  that  the  greater  portion  of  the  voluntarv  cranial  musculature  is  serialh 
ecjuivalent  to  the  involuntary  musculature  of  the  tnmk. 

The  nim-striated  or  involuntarv  muscle  represents  a  tissue  less  highly  specializec 
than  the  striped,  the  latter  exhibiting  to  a  conspicuous  degree  histological  diflerentia- 
lion.  Constituting,  in  a  \vay.  a  separate  and  intermediate  group  stands  heart  muscle, 
uhirh,  \vhile  lx.*vond  the  control  of  the  \vill,  i)resents  striatecl  fibres  ;  the  latter  occup) 
histoln^icallv  a  plače  bet\veen  the  fibre-cell  of  the  involuntarv  and  the  elongatec 
striated  fibnr  of  the  voluntarv  muscle.  It  is  desirable.  therefore,  to  consider  the  sim« 
pler  tvpe  of  contractile  tissue   before  examining  the  more  complex  voluntarv  muscle. 

NON-STRIATKD  OR  INVOLUNTARV  MUSCLE. 

This,  the  Kss  highlv  diflerentiatcd  varietv  of  muscular  tissue,  iK-curs  in  the  fonr 
<»f  biindlrs  and  thin  sheets  princii)aHy  \vithin  the  \valls  of  the  organs  and  vessels, 
ahhouvih  enjoving  a  \vide  distrihiition,  seldom  j)reseiiting  robust  masscs.  and  beinf; 
eniirelv  unionnerted  \vith  the  skeleton.  ICven  wlien  pres«*nt  in  eonsiderable amount, 
thij>  ti-i^^ue  is  nsnallv  inc«inspicuous,  prescnting  a  fainl  vello\vi>h  tint. 

The  di^iribution  of  non-stri|>ed  muscle  indudes  :  i.  The  tliircstire  trart^^lht 
musiularis  mui  os.e  trom   the  »esophagus  i«»  the  anus  and  delicate  bundles  within  the 
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mucosa  and  viili ;  the  muscular  tunic  from  the  lower  half  of  the  cesophagus  to  the  anus  ; 
in  the  large  excretory  ducts  of  the  Hver,  pancreas,  and  some  salivary  glands,  as  well 
as  in  the  gall-bladder.  2.  The  respiratory  traci, — in  the  posterior  part  o(  the  trachea, 
encirciing  bundles  in  the  bronchial  tubes  as  far  as  their  terminal  divisions.  3.  The 
urinary  Iracl, — in  the  capsule  and  pelvis  of  the  kidney,  ureter,  bladder,  and  urethra. 

Fig.  468. 


4.  The  maU  generative  organs, — in  the  epiciidymis,  vas  dcterens,  seminal  vesicles, 
prostate  t)ody,  Cowper's  glands,  and  cavernous  and  spongj'  bodies  of  the  penis. 

5.  The  /ema/e  generalii-e  organs, — in  the  oviducts,  uterus,  and  vagina  ;  in  the  broad 
and  round  ligaments  ;  in  the  erectite  tissue  of  the  external  genitals  and  of  the  nipple. 

6.  The  vascu/ar  sysfem , — in  the  coats  of  the  arteries.  veins.  and  larger  lymplialics. 

7.  The  lymphatic glands, — in  the  capsule  and  trabeculsE  of  the  splecn  ;  sometimes  in 
the  trabecula  of  the  larger  lymph-nodes.  8.  The  eye, — in  the  iris  and  ciliarj- 
body  ;  in  the  eyelidB.  9.  The  integument, — in  the  svveat-  and  some  sebaceous 
glands,  as  the  minute  erector  muscles  of  ihe  hair-folllcles  and  in  the  skin  covering 
Uie  scrotum  and  parts  of  the  external  genitals. 

Structure. — Non-striated.  unstriped,  pale  or  involuntary  muscle  consists  of 
an  a^jegation  of  structural  units  known  as  the  fibre-cells.  These  are  deli- 
cate  spindle,  often  prismatic,  elements  which  terminate  in  oblique  surfaces  at  either 
■«nd  (or  contact  with  adjacent  cells.     They  vary  greatly  in  size,  measuring  from  .050- 

length  and  .003-.008  i 


Fig.  469. 


in  widtli.  The  muscle-cells  found  in  the 
skin  and  blood-vessels  are  short  (.015- 
.020  mm.)  and  broad  ;  those  in  the  in- 
testinal  walt  are  more  elongated  (.215- 
.220  mm.)  and  delicate.  The  lai^est 
elements  are  encountered  in  the  gravid 
uterus,  in  which  thev  attain  a  length  of 
.500  mm.  and  a  breadth  of  .030  mm. 
Occasionally  the  cells  are  bifurcated  at 
the  ends,  especial!y  aniong  the  lower  ver- 
tebrates. 


iKl.1>  n. 


More    rečen  t    cri  tičal 
^istenceof  greater  structural  c 


Liinations    of    the    fihre-colis    have   demonstrated    the 
>in]>lexity  than  \vas  formerly  recognized.'     According 
these  later  vie\vs,    each  tibrc-cell  consists  of  a   proloplasmic   mass  in   which  lic 
***t)edded   the  nuclciis  and   the  contraclile   fibrillit.      The  former  is  appropriately 

-  'An  eshauslive  revii-tt- "i  tliL-  litiTaliirc  nnd  v;irinus  iipinions  nnicerniiiK  'he  sinicturc  of 

^**atiipcd  muscle  is  givtii  l)y  M.  H(.-idi>nhain  :  Erjrtbnisse  der  Anatinnic  iind  Entnick..  liil.  x.. 
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dfscribe«!  as  rtKi-shiipL-d,  lji;injj  cvlindriciil  \vith  rounded  ends.     Its  [tosition  is  fre- 
ciut-ntlv  i-cri-ntrii-  wilh  rcj;aril  lo  tht-  axis  ni  thc  culi,  as  «1:11  as  ofii-n  siiti)fwliat 
lin«;  polt  llum  thf  other.     Thc  miik-i  of  thc-sv 
which  iisuall)-  ])rcseiits  a  reticular  arrantfenieiit. 


FP* 

m 

%■ 

^  ^ 

// 

Seition  nI  uUTi 

».  >li<.<>'lni;  Inii 

™.1ln  ..1   i 

i.*o1....1»ty  mustlt 

rich  in  chnimatin, 
fndur  thi.'  inHiit-ncL-  ni  conlractifm, 
th(.'  niiclvi  i)n.-sciH  murc  or  k-is 
vanati'111  Irnni  thdr  ly[iical  niU 
fnriii.  CcntriisiHiKS  (Kit;-  4^9' 
iiiav  lic  (tistin^iiishMl  in  fa\-iiniblt: 
(>re|mnUi<ins  Ivinjj  witl]in  ih«  cv- 
toplasinclose  ti>  thcniickiis'  /iin- 
iiiLTniitnn,  I^nhossčk ). 

The  eoHlraelik  fibrilla  rep- 
rcst-tit  difltrentiatetl  anis<>tni(>ic 
threads  within  the  cell-luKlv,  in 
tlit-ir  prijpcrtv  nf  double  rL-fractiun 
rcsonililini'  ihc  tibrillEt  of  stri[)4.-d 
miisck-.  Thuv  are  most  conspicu- 
mis  at  thc  pcriphcrv  of  the  tihre- 
cel!,  wherc  thev  lie  cli>sely  related 
lo  the  contiensed  boiindarv  zone 
( lleidenhain)  which  funns  the 
extcrior  of  tlie  fibre  and  fultils  the 
purptise  nf  ii  limitin^  membrane 
cncloscs  the  musc!e-*.-ell  as  in  thc 
if  contractik-  fibrilhe  within  the  musde- 
on  accoiint  of  the  small  size  of  the 
s|K'cia!ly  in  thc  huj^  elements  of  the 

amphiiima,  tticir  proscncc  is  readilv  estal}Hshixl.      Althoiijrh  Iviii^;  iisnallv  within  tlie 

peripherv  of  thc  (ilire-cell.  thc  c.tistcnoe  of  a  consjiictioiis  a.\iai  tibre  is  scen  in  rertain 

cases.  as  in  thc  largc  isolati^d  nuisck-cclls  uithin  thc  nic-scntcrv  of  ncwts. 

The  in(Ii\'idiial  cletncnts  of  inistripcd  ninscle  are  hcld  logethcr  bv  dclicate  mem- 

bntiious expansiotis  of  cnnnii-tivc  tissuc  proli«is,'ed  (roni  the  more  robust  scpt:»  itivesiinu 

and  unitin);  thc  btindlcs  and  fasciciili  of  thc  tibre- 

cells.     On  cross-section  (  Fi^;.  470),  thcsc  intcr-  Fio.  471. 

cellular  memhranous  partitioii;;  a|>pcar  as  deticatc 

lines  I)eiween  the  traiis\crsely  cnt  cdls.  which 

were  fornicrlv  intt.Tprft<'d  as  trai'ts  of  cetncnt- 

sulistancc  unilinjr  thc  mnscnlar  cicnunts.      Thc 

appcannces  of  inlerccltular  l>riilKcs.  dcscriln-d  h\ 

sevcr.il  auth.>rs  (Barfnth.  -k-  Ilruvnv,  U\rncr. 

H.)hcinann,  Ai>adiv  I  as  conni-ctiny  thc  a<lia(vnt 

cclls.   dcpcmi    probablv   iipon   ihc    slirinkag.-   of 

thi-  lallcr  <lnc  lo  the  action  nf  rca;;cnls  (  Sl.ilir. 

Ildd.nbaini. 

Thc  blood-veaaels  snpplvin^  inviiUintarv 


or  saraOetnma.  a]thon;;h  no  siich  definite 
čase  of  the  striatcd  tibre.  The  demonstration  <: 
cells  of  the  hi^licr  vertebratcs  Ls  inisatisfactory 
ckmcnts  ;  in  the  larj;c  cclls  of  thc  aniphitiia. 
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ganglia,  (rom  ivhich  delicate  twigs  pass  between  the  bundles  of  muscle-ceUs.  The 
mode  ol  their  ultimate  terminatioi)  is  described  in  connection  with  nervc-endings 
(page  1015). 

Development. — AH  miiscular  tissue  in  the  higher  types,  »lih  the  exception  of 
that  found  within  the  siveat-glands  and  the  iris,'  may  be  regarded  practicallj-  as  a 
derivation  of  the  meaoblasl.  Reference  to  Fig.  34  (page  29)  recalls  the  division 
of  the  mesoblast  into  the  parielal  and  visceral  Iayers,  the  latter,  in  conjunction  with 
the  entoblast,  constituting  the  splanchno-pleuric  folds  by  the  union  of  which  the 
gut-tube  is  formed.  The  subsequent  dif!erentiatioii  o(  the  visceral  mesoblast  contributes 
the  layers  of  the  wall  of  the  digestive  canal  outside  the  epithelial  structures  derived  from 
the  entoblast ;  in  typical  parts  of  the  tube  these  layers  are  the  submucous,  muscular, 
and  serous  coais.  The  muscular  tiinic  consists  of  the  unstriped  involuntary  variety, 
the  component  fibre-cells  representing  specialized  mesoblastic  elements. 


The  details  of  the  development  of  the  muscular  tissue  include  condensation  of 
the  young  mesoblast  produced  by  consplcuous  proliferation  and  increase  in  the  cells, 
1ollowed  by  their  gradual  elongation  and  convcrsion  into  spindle  elements,  These 
are  at  first  short.  but  hecome  extended  as  the  tissue  assumes  its  fully  developed 
character.  In  localities  in  wbich  the  involuntary  muscie  occiirs  in  sparingly  dls- 
tributed  bundles  and  nct-works  the  mesoblastic  elements  gradually  assume  the  form 
of  spindle-cells  whtch  for  a  time  are  inconspicuous  and  dil!icult  to  distinguish  from 
<irdinary  young  connective  tissue.  The  formation  of  the  muscular  tissue  within  the 
'%ralls  of  blood-vessels  is  closcly  identifieti  with  the  tntramcsodermic  origin  of  the 
"vascular  cfiannels,  the  entire  walls  of  which  tulies  are  contributions  of  the  middie 
^erminal  layer. 

STRIATED   OR   VOLUNTARV    MUSCl.E. 

The  striped  muscular  tissue  constitules  the  conspicuous  masses  knonn  as  the 
"muscles"  or  "flcsh"  attached  to  the  bonv  frame«iirk  of  the  I>ody.  These  organs 
■are  also  termed  the  fkr/cla!  niiiscks.  and  suppiv  the  active  agents  in  moving  the 
"(»ssive  levers  represented  by  the  iKmes  in  producing  the  niovcments  o(  the  animat. 

The  muscles  are  usuallv  einngated  in  funn,  and  consistof  aggregations  of  bundles 

^  the  ultimate  conlractiie  clemenls,  tlie_/fM-j,  grouped  mXo /asciriili :  upon  the  size 

■^•i  the  latter  depends  the  teMiire  of  the  muscles,  coarse  or  fine,  as  dislinguished  in  the 

^3secting-room.      In  Incalitii-s  in  »hich  the  fascicuh are  o(  large  size.  as  in  the  gluteiis 

'  Szili :  Archiv  fiir  Ophthnlmol.,  Bd,  liii..  1902. 
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maximus,  the  muscies  are  conspicuous  on  account  o[  their  coarse  texture  ;  a  fine- 
graintU  niusck-,  oii  the  coiitrarv.  is  cnmposed  of  sinall  fasciculi.  In  addition  to 
variations  in  the  thickness  of  the  fasciculi,  the  latter  dificr  frrcatly  in  length  irreapec- 
tive  of  the  extent  of  the  entire  muscie,  since  the  length  of  the  fasciculi  depends  largely 

upon  the  arrangcment  of  the  ten- 
'■"'■  -174.  dons.     A  long  muscie  niay  be 

composed  of  short  fasciculi,  since 
the  latter  inay  he  attached  to  ten- 
dons  uhich  co\'er  its  opposite 
sides  or  extend  within  its  sub- 
stance as  septa.  In  such  cases, 
as  in  the  rectua  femoris  or  the 
deltoid,  the  short  fasciculi  run 
obliquely,  thcreby  producing  a 
pennate  arrangement  which  often 
characterizes  musclcs  of  great 
strength.  Whfn,  on  the  con- 
traty,  the  tendons  are  limited  to 
the  ends  of  a  muscie,  the  fascic- 
uli are  rclatively  long  and  nuiy 
extend  its  entire  length.  The 
sartorius  contains  fasciculi,  as 
»ell  as  fibres,  of  conspicuous ex- 
tent,  some  bundles  stretching 
the  entire  distance  betKeen  the 
tendons. 

General  Structure  of 
Striated  Muscie. — The  histo- 
Ic^ical  unit  of  voluntary  muscular 
tissue  is  the  transversely  striated 
or  striped  musclt-fibre,  which 
represents  a  highly  specialized 
sinjrle  celi.  The  fibres  are  the 
contractile  elements  by  the  shortening  of  which  the  length  of  the  entire  muscie  is 
decreased  and  the  force  exerted.  The  fibres  are  cylindrical,  or  prismatic  with  rounded 
angics,  in  form,  and  vary  from  .01-.  1  mm.  in  diameter ;  no  constant  reladon  exists 
between  the  thickness  of  the  libres  and  the  size  of  the  muscie  of  which  they  are  the 
components,  and,  indeed,  their  diameter  varies  even  uithin  the  same  muscie.  In 
general  the  limb  muscies  are  comjjosed  of  large  fibres,  thnse  of  the  mature  male  sub- 
jecl  ustially  exceeding  the  corresponding  libres  of  the  female.  The  length  of  the 
muscle-libres  is  likettLse  subject  to  great  variation.  As  a  rule.  the  fibres  composing 
a  muscie  are  of  limited  length,  gener;illy  not  e\ceediiiK  from  4-5  cm. ;  in  exceptional 


iDipDiHtit  libm 


instances,  however,  as  in  the  sartorius,  thev 
a  width  of  from  1-5  mm.  (Felix).  The  fibres 
are  i:suiilly  somewhat  spindle-sh:i|>ed,  being 
slightlv  larger  in  the  middie  than  ;U  the  ends, 
uhich  are  iisuallv  more  or  li.-s.-i  pointed  ;  blunled 
or  clul>-sha|)ed  and.  inore  ntrelv,  branche<l  e.\- 
tremiliL-s  ure  mit  tuicommon.  Brancheil  and 
anastomosing  tibns  occur  in  certain  hicalitii-s. 
as  in  the  tongiie.  facial  and  oculiir  musck-s. 

The  iiidividuul  fibres,  eiich  investcd  in  its 


attain  a  length  of  over  12  cm.  and 


I  sh<;nh.  ur  sarroh- 

II  priiiiarv  f-unJUs.  the  k 
htid  t<)gctlKT  bya 

iiieclivf  tissiif,  the  fndomv! 
i^sting  the  primarv  Inuidli 
iii/arv  fiiind/fs,  Mhich 


which 


im-nt  Iibn.-s  i.l 
ire  (imoiint  <if 
.      TIk-  latl.r 

iinite<l  and  enclii 


the  general  ci  1  nnect i \e- tissue  en\elope  of  the  entire  miiscle,  the  epimysi 


rontinutuis  wiih  the  perimvsium 
;in-d  into  uncertain  groups,  the 
1  and  subdivisions  of 
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possessing  a  fine  grain  the  secondary  bundles  correspond  with  the  fasciculi,  but  in 
muscles  of  course  texture  each  fasciculus  includes  a  numbcr  of  secondary  bundlt^ 
between  nhich  the  ramifications of  the epimysiuin  extend.  The  characterislic picture 
presented  in  transverse  sections  of  muscles  (Fig.  474)  illustrates  the  relation  tif  the 
fibres  to  the  larger  groupings  of  the  muscular  elements. 

Stnicture  of  the  Muscle-Pibre. — Each  fibre  corresponds  to  a  greatlv 
dongated  multinucleated  muscle-cell,  and  consists  of  a  sheath,  or  sarcokmma.  and 
the  contained  sarcous  substance. 

The  aorcolemina  forms  a  complete  inveslment  of  the  fibre  and  alone  comes 
into  contact  with  the  surrounding  connective  tissue  by  »hich  the  muscle-fibres  are 
attached  either  to  one  another  or  to  the  tendinous  struclures  upon  which  they  exert 
their  puli.  The  sarcoletnma  is  a  transparent,  homogeneous,  elastic  membrane  which 
so  closely  invests  the  contained  sarcous  substance  as  to  be  almost  invisible  under 
ordinary  conditions.  Being  of  grealer  toughness  than  the  muscle-substance,  il  often 
withstands  mechanical  disturbance,  as  teasing,  while  the  latter  becomes  broken  ; 
where  such  breaks  occur  the  sarcous  substance  sometimes  contracts  within  the  sarco- 
lemma.  which  at  the  points  of  fracture  then  becomes  visible  as  a  delicate  tuliular 
aheath  stretching  across  the  space  separating  the  broken  ends  of  the  more  friable 

Fi<;.  476. 
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sarcous  substance  (Fig.  475).  In  teased  preparations  the  sarcolemma  is  sometimes 
also  seen  projecling  bcjoiid  the  sarcous  substance,  as  a  coal  slee\e  covers  the  stump 
of  an  arm. 

The  sarcous  or  muscular  substance  uithin  the  sarcolemma  in  turn  consists 
<A  two  parts,  the  less  differentiatcd  passi\e  sarcoplasm  aini  the  highly  speciatized 
cmdradile fibrilla  in  which  the  active  chatiges  take  plače  resulting  in  the  contraction 
of  the  muscie-fibre. 

Since  the  highly  charactcristic  ajjpearance  of  crnss-striation  which  distinguishes 
the  fibres  o(  vohmtarv  mnscie,  as  udi  as  siipplies  the  reason  for  its  designation  as 
stripcd  or  siriated,  dc-pends  upon  the  arraugenicnt  of  the  contractile  fibrilla-,  the 
details  of  the  latier  first  chini  actention. 

The  crosB-striation  consists  i)f  ahernatedark  and  light  Itands  which  e\tcnd  the 
entire  width  of  the  fibre  and  depend  upon  the  differentiation  of  the  contractile  fil>rill£B 
into  segmentH  of  greater  or  less  densitv.  Clo.-«;  latcral  approximati<)n  ol  the  more 
den.se  and  deeplv  slaining  scgments  in  the  fibrilUe,  Iving  side  by  side  ivithin  tiie  s:\rco- 
lemma,  produces  du-  dark  band  :  the  similar  relation  of  the  less  dense  and  non-slaining 
segments  prodiiccs  ihi'  iinpressiiin  of  the  light  band.  If  it  vere  pussilile  to  isulate  the 
individual  contractile  fibrilht-,  each  wnuld  present  the  details  shoun  in  the  accompanv- 
ing  diagram  (Fig.  476).      Tlie  dark,  ImKid  h-ansverse  disk  (Q)n\  doubly  refracting. 
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or  aniiolropic,  substance  is  siiccceded  at  (.'ither  end  by  the  Hfjht  buncl  (  J  J)  of  sitifflv 
refractiiig,  or  isotrof-k.  siil>st;mc<;.  The  lij;hl  l>and  is  sulHlitide«!  by  a  dt-lic^ite  lint-. 
the  intcrmcdiate  disk  (  A  ),  alsn  known  ;is  Krause  s  membrane.  The  seqiieiice  which 
by  repetititin  makt^  up  iht-  contractile  tibrilla  tonsists,  thertforv.  o(  /  -J  -  {)  \  J  •  /.. 
L'ndt.-r  ii^orabk-  cniiditioiis  for  c.\a[iiiiiaticin  the  transverse  disk  i.'xhibits  k-ss  dvnsitv 
midway  betWL'i^n  its  ends  ;  this  ^oiie  is  tniversed  by  a  delicate  hiie  ( .?/ ),  the  median 
disk  rHeiiSL-n,  Merkel)  ur  middle  membrane  (M.  Heidenhain). 

THl-  iiittTpretaliijii  of  these  appuarances,  shi>wn  as  usuHlly  seen  under  modtrate 
ampUfication  in  the  acaiini»;inying  photugraph  (Fig.  477),  bas  been  the  subject  of 
much  laboriiKis  investij{;Ui»in  and  ve\cd  discussion  ;  even  at  iht  prt-sent  timu  authorities 
are  far  from  aicurd  as  tu  tlio  siKniticance  of  the  obsened  details  in  their  relatJons  to  the 
architecture  of  the  muscle-fibre.  It  is  beyond  the  pur[X)Se  of  these  paj[es  to  re\-iew 
the  varions  theories  concerninjr  the  uhiniate  structurc  of  striped  muscle  ; '  sutlice  it  to 
point  out  that,  apart  from  the  condiisions  oi  those  observcrs  »ho  from  tirne  to  time 
have  contended  that  the  appuarances  are  eiitircly  optical  and  d»  not  correspond  to 
actual  structural  details,  two  chief 
views  re^arding  the  architecture  of 
the  muscie-fibre  have  been  held. 
AccordinR  to  the  one,  champiuned 
by  Krause,  the  intermcdiate  zone 
is  regiirded  as  the  expressioii  of 
:i  nieinbranous  septum  which 
stretvhes  entirely  across  the  mua- 
cle-rtbre  as  an  inward  extension  of 
tliu  sarcolemma  and  thus  subdi- 
\ides  the  tibre  into  a  nuniber  of 
miniite  conipai  tments,  or  contrac- 
tile disks,  by  the  lon^tudinal  ap- 
piisitiim  of  which  the  entire  fibre 
is  liiiilt  up.  The  othcr  view.  eariv 
acce]>tL-d  by  Kiillikcr,  refjarda  the 
fibre  as  made  up  of  fibrUla  ex- 
tendiiiK  the  len^jth  of  the  fibre. 
the  transverse  clea\ape  into  disks 
lH.-inj{  secondary  and  artificial.  The 
fibriilar  theorv  as  a<l\'anced  by  Rol- 
let  has  rercived  wi<ie  acceptance 
;ind  deser^^es  brief  mention.  Ac- 
(ordinji  to  this  aiithority,  the  con- 
tractile fibrillii-  are  t<i  l>e  conceived 
atinj;  thicker  and  thinner  sejjmems 
n  with  tile  brcKid.  dark,  transverse 
neaj;rc  anioiint  ol  doubly  refractinR 
tropic  sarcopla; 


as  fomiinu  anisoiropic  hkIs  consistin^ 
(  Fiij.  478  ),  the  former  corresiHmdinK 
disk,  lile  iatler  wilh  ihe  li^hter  kind,  : 
sul»stance   in   this   zime   is  niasktil  by   the  larj,'i 
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More  rcrrnt  inv.slij,;alions  with  the  aid  of  iinproved  diRerential  stains  have  led 
to  a  nuMliti.atioii  of  ihi-  librillar  vieM  in  iso  far  ihat  the  in  termi«  Mate  disk  is  lo  !>«- 
n-v;ar<h-d  as  a  siriirUin-  that  \>.  atlarhcd  to  tln'  s; ircol  1-111111  a  and  e.vtends  l>etween  the 
librilhi-.     M.  H.-id.-nhain  iK-li.-ves  ib.'  median  disk  (<>  !)e  an  addilional  membrane  ihal 
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(itt-per  parts  of  the  fibre  (  Fig.  480).  The  lon^itudinal  striation  is  aisu  unusually  con- 
spiciiuus,  (lue  bi  the  CKceptional  ainniint  u(  intertibrillar  sarcDpliisin.  Althouf^h  not 
prcscnt  in  nianimals  generally  in  suflicient  qiiantit)'  tu  afiL-ct  tlie  appcarance  of  entire 
musclcs,  the  ]>cculiar  "reti"  libres  are  found  in  many  localities  in  termi  ngled  with  the 
more  usual  pale  varicty.  Klein  has  <1cscrib<.-<l  such  lihres  in  the  diiiphrafjfm,  and, 
acc()rdinK  to  the  investigations  ol  Criitzner  and  tif  J.  Schaffer,  it  is  probable  that  they 
are  f(>und  in  :ill  musciilar  tissue  upc>n  nhicli  duvolves  prolun^ed  eflurt.  These  libm 
are,  therefore,  prescnt  in  the  heart,  the  eve  muscies,  and  the  inuscles  ol  respiration  and 
of  mastication.  The  red  tibres  must  be  regardtd  ;is  rep  resen  tin(j;  a  less  complete 
difierentiatiun  of  the  niuscle-ce!l  and  :»s  posscssiiiK  coiist.t|Uent!y  a  larfrer  proportion 
of  reser\-e  protoplasm  ;  thev  are  better  abie  to  n-ithstand  the  fiitigiie  of  contractions 
than  those  in  uhich  the  spccialization  of  a  larger  pait  of  the  cytoplasni  has  occurred. 
The  pate  tibres  ^in  in  nipidity  of  cuiitractifiii  at  the  expense  of  cariv  exhaustion. 

Attachment  of  the  muscular  fil>res,  whetiier  to  (»ther  libres  or  to  tcndons.  is 
acconipUiihed  by  the  iinion  o(  the  Kirculctnnia  with  the  conneclive  or  tendinous  tisaue 


an<i  never  by  direct  tusion  of  the  connective  tissiie  with  the  sarcous  substance,  the 
latter  reiniiining  aimpletelv  invested  by  its  sheath.  On  joining  a  muscie  (Fij{.  481), 
the  lendon-tiHHue  sufxlividfs  into  small  hiindles  which  receive  anil  skirround  the  pointed 
ends  of  iht-  miisi.'le-lil)res.  the  libroiis  tisstic  beconiing  attaehi-d  to  the  sarcolcmma, 
whiU-  the  areolar  tissue  between  the  ten(lon-bun<lles  blends  with  that  separating  the 
muscle-fibrcs. 

Cardiac  Muscie. — The  stripecl  muscie  of  the  heart,  in  »ddition  to  the  pecu- 
liaritv  of  lieing  Injvond  tlie  control  of  the  \vill,  atthoii^h  striated,  presents  certain 
nifKlitications  in  the  form  and  :irran^ement  iif  its  tibres  which  call  for  special  con- 
sideration.  Acconhn^;  to  the  views  fonmrlv  hi-ld,  the  histoIoKit^'!'  ""'t  •»'  'he  myo- 
cariltum  was  the  branchcd  tilire-cell  (  Fij;.  4^2  I,  hv  llie  ;ii>pi>siti(>n  of  nhich  the  sheets 
of  niuscular  tissue  »iTe  fornicd.  The  tibre-cell  »as  re^jarded  iis  a  short  bninched 
tilire,  di-void  of  a  sarcolemnia  and  jjossessinj;  a  nndens  surronnded  by  a  considerable 
area  nf  umhfferentiated  siirtoplasm.  The  invisti^ations  of  M.  Hddenhain'  ha\-« 
sh<i»-n  thiit  the  eonstitntion  of  the  heart-til)res  curn-spoiids  more  closety  to  that  oi 
'  Aiiaiiim.  AnzciKer,  Itd.  xx.,  Niis.  1  ani)  j,  1901. 
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ordinary  muscie,  tlie  chief  diflerence,  in  addition  to  their  shorter  lenglh,  being  the 

Gomplicated  partial  longitudinal  division  which  these  fibres  undergo.     Fig.  483  repre- 

sents  diagraiiimatically  the  peculiar  step- 

Fig.  4Sj.  like  relation  of  the  fibres  and  their 

merous  secondarv  or  intercalated  limbs. 
Each  fibre  possesses  a  sarcolemma  which, 
however.  is  less  firm  and  resistant  than 
that  usijally  seen.    The  heart  muscie  pos- 

Fio.  48,1. 


MuKle  libt«  ol  hi 


a  relatively  large  amount  of  sarcoplasni.  as  e\'idenced  by  the  considerable 
*<^»JiTnilation  surroundmg  the  nucieus,  as  wd!  as  the  thicker  strata  separating  the 
muscle-columns      The  unusual  quantity  of  sarcoplasm  accounts  for  the  conspicuous 


m 


^^^^vidinal  striation  of  cardiac  muscie  and  agrees  with  what  may  be  expected  i 
^^lar  fibres  subjecteil  to  such  constant  activity. 
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The  blood-vessels  pf  stripcd  muscli 
nutritioii  to  a  tissiio  of  t{r<.Mt  functional  acti< 
ing  VfiiiH  pent-traif  thc  niuscle  uluii^  ttie 
di\ide  into  smalkT  braiitlics »hicli  r 


/-T 


^'ery  nuiiicrous  to  iiisure  adequat4.- 
itv.  Tht  lai^tr  aricric-s  and  accompaiiy- 
st-ptal  e.vtensiims  <if  ihe  cijiinysmm  and 
1  belwecii  tlic  fasciciili.  These  \'fsscis  undermi 
furtticr  siilidivision  into  twi^  which  pass  bt-tvoen 
tho  fiiH^r  bun<!k-s  <if  nHiscIi-tibrt-s  and  ultimatvl^ 
break  iip  iiito  tlic-  capillaries  endosm}>;  thv  indi- 
vidual  tibrts. 

Tht  aipillary  vcssels  of  voluntary  miiscle 
form  a  charactcristic  iiet-HOrk  consistin^  ol  nar- 
row  rtcL-infjular  mc-shes  (Fig.  485),  th«  lonjjcr 
sidt-s  of  which  curruspond  to  the  direclion  of 
thu  iniisdi.'-fil)rt.-s  l»ttww;n  which  they  run  ;  the 
sliortiT  sides  of  the  meshes  are  formed  by  the 
capillaries  uhich  extend  across  or  may  encircle 
the  individiial  tibrcs.  The  capillaries  supptyint:^ 
mtisck-s  siibjected  to  prolonged  and  pouerful 
contractions  oCten  exhibit  local  dilatations,  which 
may  servc  for  temporary  reser\-oirs  for  the  blood 
durin^  contraction.  The  closeness  of  the  capil- 
larv  m't-«ork  is  detemiined  by  the  size  of  the 
muscie-libres,  muscies  coinposed  ol  fine  libres 
po.sscssinf;  the  smallest  vascular  meshes. 

l~he  relatioii  of  the  blood-vessels  to  cardiac 
musdc  is  unusually  intimate,  the  capillaries  not 
"""  rmn^vrnic  ^^^j^.  j;,^^|f,j(j,^g  [he  muscle-tibres  with  a  rich  net- 

(?l«!!cui'»r'"««Hr't>*'a»Jiapmarles!  »ofk,  but  lyin^ nithin  depressions on  the  surface 
of  ijie  tibres,  or  even  In  channels  siirrounded  by 
the  muscular  tissue  (Mei^). 
iciilar  tissiiL-  are  represeiitecl  by  the  intcrfascicular 
■ctive  tissue  bctween  the  muscJe-fibres,  and  the 
j)tii.  The  iarjjcr  Ivmph-vessels  formed  by  the 
confluence  of  those  Ivinu  bctween  the  fasdculi  |>ass  to  the  sheath  of  the  muscle  and 
tendon  and  carrj-  off  the  lym]>h  from  the  miisciilar  tissue. 

The  nerves  supplvinu  stri|>ed  musde  include  both  motor  and  sensory  fibres. 
The  former  terminale  in  specialized  arborizations,  the  molor  nerve-endingi,  which 

Fig.  486. 


The  lymphatics  of  striated  n 
clefts.  which  exlcnd  within  tlje  con 
more  definite  channels  wilhin  the 


are  ii-iii^illv  rri;.ird<-.l  a>  Ivirin  K-n.alli  ih.' 
Thr  M.ns.Tv  libres  ar,-  ronnr.ted  «ith  ll 
spindlis.  fr..m  whiihihe  ;i(Tt-ri.-nt  n<T\es  pr 


inma  iipon  the  sarcoua  substance. 
ii-Tiiiisrnlar  ind  nr^pins  c)r  muscU- 
■i-ntrallv.      Ihe  <k-taile<l  descnption 
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have  become  tibrillar  throutrhout  their  cntire  thickness ;  those  of  the  lover  ex- 
tremity  acquire  a  similar  cundition  a  month  later.  With  the  deeper  extension  of 
the  tibrillit  the  characteristic  cross-striatiun  appears,  the  nuclci  migratin^r  to  the 
periphery  ol  the  librc  as  the  less  differentiated  cytoj»lasm  becomes  invaded.  The 
sarcolemnia  appears  by  the  tirne  the  entire  fibre  hiis  become  fibrillar.  The  sarcoptasm 
surrounding  the  nuclei  of  the  mature  fibre  represents  the  rcmains  of  the  less  hi{rhly 
differentiated  cytoplasm  of  the  original  muscle-cell  ;   that,  hi(wcvcr,  separating  the 

muscle-colunins  must  be  regarded 
Fio.  4S9.  as  the  product  of  a  secondary  dif- 

ferentiation. 

The  designalion  "cutis-plate," 
appiied  to  the  compact  outer  epi- 
thciioid  portion  of  the  myotome, 
espresses  the  relation  to  the  in- 
tegiiment  which  has  been  widcly 
accepted.  since  this  part  of  the 
inyotorne  is  generally  regarded  as 
concerned  in  the  formation  of  the 
C()nnective-tissue  portion  of  the 
skin.  This  fate  of  the  "cutis- 
[ilate"  was  long  age  denied  by 
"»     "  Balfour,  who  htld  that  bolh  layer9 

i>eveioiHnjtvoiuntar>mii!<i.'ic^ihFiii>rcsarcsiii]ui]«inaiFd,  X 53J.     of  the  niyotome  are  coHcemed  in 

the  formation  of  muscular  tissue. 
Kaestner '  arrived  at  siniilar  conclusions,  and  more  recenUy  Bardeen '  has  shown  that 
in  the  pig  practically  the  entire  epithelial  latnclla  is  converted  into  muscle.  According 
to  this  investigator,  uhile some  of  the  epithelial  elements  of  the skin-plate  degenerate, 
the  greater  number  undcrgo  initosis  and  give  rise  lo  inyoblasts  which,  in  tum,  become 
the  spindle-cells  Irom  »hich  the  muscie-fibres  are  developed.  The  outer  margin  of 
the  epithelial  lamella  is  sharply  defined  by  a  limiting  membrane  formed  by  the  adja- 
cent  cella  ;  a  somewhat  similar  birt  Icss  pronounced  boundarj-  guartb  the  inner  con- 
tour  of  the  lamella.  The  e.tternal  limiting  membrane  persists  until  the  conversion  of 
the  epithetioid  elementsinto  niyoblasts  and  spindle-cells  has  been  well  established,  by 
w.hich  tirne  ihe  mesoblastic  tisstie  surrounding  the  myotomes  has  grown  in  between 
the  latter  and  the  adjacent  ectoblast ;  it  is  from  this  source,  therefore,  and  not  from 
the  "  cutis-piate, "  that  the  con necti ve- tissue  layer  of  the  integument  is  derived. 

The  masses  of  embryonai  muscle,  or  myotneres,  de^i^■ed  from  ihe  somites  are 
early  separated  by  the  ingrovth  of  intersegmental  septa  of  connective  tissue  which 


later  stipport  the  intersegmental  blood-vessels  and  nerv-es  and,  in  the  thoracic  regiorf, 
the  c(wtal  elements,  and,  l>y  the  ingrowth  of  a  connective- tissue  partition,  each  one 
is  (nrther  divi<U-d  into  a  dorsal  and  a  vcntral  portion,  from  which,  in  a  general  way. 
thf  mnscles  associated  with  the  spine  and  the  antcro-lateral  lx>dy-walla  are  derived 
resptvtivdv. 

In  this  primilive  comlition  the  trunk  musculaturc  is  rcpresented  by  a  senes  of 
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bands, — the  myomeres,— each  of  which  consists  of  a  dorsal  and  a  ventral  portion, 
and  which  succeed  one  another  regularly  and  segmentally  throughout  the  entire 
length  of  the  trunk.  The  muscle-fibres  of  which  each  myomere  is  composed  extend 
from  the  intersegmental  septum  in  front  to  that  behind,  having  thus  a  regular  antero- 
posterior  direction.  In  the  lower  vertebrates  this  condition  pcrsists  with  but  little 
modification  throughout  Hfe,  producing  the  tiake-Hke  arrangement  of  the  muscles 
characteristic  of  the  fishes.  In  the  higher  vertebrates,  ho\vever,  numerous  secondary 
modifications  supervene,  whereby  the  myomeres  are  broken  up  into  individual  mus- 
des,  their  original  segmental  arrangement  becoming  at  the  same  time  greatly  ob- 
scured,  although  it  stili  persists  in  those  regions  in  which  the  muscles  are  intimately 
associated  with  segmental  skeletal  structures  such  as  the  vertebra  and  ribs. 

These  changes  are  of  several  kinds,  and,  as  a  rule,  several  varieties  of  modi- 
fication cooperate  in  the  differentiation  of  a  muscle.  Some  of  the  more  important 
are  as  follow  : 

1.  An  end-to-end  fusion  of  several  myomeres  or  portions  of  myomeres  takes 
place,  producing  a  muscle-sheet  or  band  which  extends  uninterruptedly  through  sev- 
eral primary  segments.  Such  a  modification  gives  rise  to  muscles  supplied  by  a 
number  of  segmental  nerves  ;  just  as  many,  indeed,  as  there  are  myomeres  partici- 
pating  in  the  formation  of  the  muscle.  Examples  of  muscles  formed  in  this  way  are 
to  be  seen  in  the  musculature  of  the  abdominal  walls,  the  oblique  muscles,  the  trans- 
versalis,  and  the  rectus,  for  instance,  being  ali  polymeric  muscles,  as  are  also  many 
of  the  longitudinal  muscles  of  the  back.  Not  infrequently  the  origin  of  these  mus- 
cles by  the  fusion  of  portions  of  successive  myomeres  is  shown,  independently  of 
their  nerve-supply,  by  the  persistence  in  their  course  of  some  of  the  intermuscular 
septa,  these  forming  transverse  tendinous  bands  traversing  the  muscle  in  a  horizontal 
direction.  Such  tendinous  inscriptions  {ifiscriptiones  tendinea),  as  they  are  termed, 
occur  nonnally  in  the  rectus  abdominis,  and  are  also  frequently  found  in  the  intemal 
oblique,  the  stemo-hyoid,  and  the  sterno-thyroid  muscles. 

2.  A  longitudinal  division  of  the  myomeres  into  a  number  of  distinct  and  origi- 
nally  parallel  portions  may  occur.  Examples  of  this  modification  combined  with  the 
end-to-end  fusion  of  the  portions  so  formed  from  successive  myomeres  are  very 
abundant  Thus,  the  rectus  abdominis  is  the  result  of  the  splitting  off  of  the  ventral 
portion  of  a  number  of  successive  myomcres,  whose  remaining  portions  are  largely 
represented  in  the  oblique  and  transverse  abdominal  muscles.  So,  too,  in  the  neck,. 
the  differentiation  of  the  sterno-hyoid  and  omo-hyoid  is  due  to  the  same  process, 
and  it  has  also  acted  in  the  differentiation  of  the  various  muscles  of  the  transverso- 
costal  gn^oup  of  the  dorsal  musculature. 

3.  A  tangential  splitting  of  the  myomeres  is  again  an  occurrence  of  great  fre- 
quencyy  producing  superposed  muscles,  and  is  clearly  shown  in  the  dorsal  muscula- 
ture and  in  the  ventro-lateral  muscles  of  the  thoracic  and  abdominal  walls.  It 
does  not  necessarily  involve  aH  portions  of  a  myomere  when  this  has  already  divided 
longitudinally,  but  may  be  confined  to  only  certain  of  the  parts  so  formed.  Thus, 
while  it  affects  the  ventro-lateral  abdominal  muscles,  it  does  not  affect  the  rectus 
abdominis,  this  muscle  representing  the  entire  thickness  of  the  ventral  borders  of  a 
number  of  successive  mvomeres. 

4.  Associated  with  the  change  just  described  there  is  frequently  a  modification 
in  the  direction  of  the  fibres  in  one  or  more  of  the  superposed  muscles.  Primarily 
the  fibres  of  each  myomere  ha  ve  a  cephalo-caudal  direction, — a  condition  which  is 
stili  retained  in  the  rectus  abdominis,  for  instance.  In  the  ventro-lateral  abdominal 
and  thoracic  muscles,  hovvever,  the  original  direction  of  the  fibres  has  been  greatlv 
altered,  those  of  the  superficial  layer  being  directed  in  general  do\vn\vard  and  in\vard\ 
those  of  the  middle  laver  to  a  considerable  extent  down\vard  and  outward,  \vhile 
those  of  the  deepest  laver  are  directed  almost  or  quite  transversely, — that  is 
to  say,  in  a  direction  \vhich  is  90°  diflferent  from  that  taken  by  the  fibres  of  the 
myomere. 

5.  An  exceedingly  interesting  modification  is  that  \vhich  results  from  the  migra- 
tion  of  some  of  the  mvomeres  over  their  successors,  so  that  a  muscle  formed  from 
certain  of  the  cervical  mvomeres,  for  example,  may  in  the  adult  condition  be  super- 
posed upon  muscles  deri  ved  from  the  thoracic  segments.     In  such  cases  of  migration 
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the  segmental  nerve,  or  at  least  thosc  tibres  of  it  \vhich  originally  supplied  the  por- 
tions  of  the  mvomcres  in  cjuestion,  rctains  its  coniicction  and  is  consequcntly  drawn 
oiit  far  l)eyond  its  usual  territorv,  a  rcady  cxplanatic)n  beinj^  thus  afforded  for  the 
extended  course  of  the  long  thoracic,  long  subscapular,  and  phrenic  nerves.  The 
niuscles  supplied  by  these  nerves,  as  \vell  as  the  pectorahs  major  and  minor  muscles, 
are  aH  derived  from  cervical  mvonieres,  th^ir  adult  position  being  due  to  the  process 
of  niigration,  of  \vhose  existence  they  form  convincing  examples. 

6.  Finallv,  portions  of  one  or  several  successive  myonieres  may  imdergo  degen- 
eration,  becoming  converted  into  connective  tissue,  \vhich  may  have  the  form  of 
fascia,  aponeurosis,  or  tendon.  Kxamples  of  this  degeneration  are  to  be  found  in 
praclicallv  ali  musdes,  since  the  tendons  by  \vhich  thev  make  their  bony  attachments 
have  resulted  from  its  action.  In  the  lo\ver  vertebrates  and  in  the  fa*tiis  tendons 
and  aponeuroses  are  miich  less  developed  than  in  the  higher  forms  or  in  the  adult, 
being  represented  by  muscular  tissue  \vhich  later  beconus  converted  into  tendon  or 
aponeurosis.  The  intermiiscular  septa  bet\veen  the  muscles  of  the  limbs  seem  to 
have  arisen  in  this  \vay,  and  occasionallv  relatively  large  aponeiirotic  sheets  have  so 
arisen,  as  in  the  čase  of  the  aponeurosis  \vhich  unites  the  two  posterior  serratus 
muscles.  Of  especial  interest  in  this  connection  are  the  degenerations  into  liga- 
ments  of  muscle-tissue  primarily  occurring  in  the  neighborhocKi  of  many  of  the 
joints,  the  accessory  ligaments  being  in  manv  cases  formed  in  this  manner.  Thus, 
the  external  lateral  ligament  of  ihe  knee-joint,  the  ligamentum  teres  of  the  hip-joint. 
and  even  the  great  sacro-sciatic  ligament  owe  their  origin  to  this  process,  and  many 
other  of  the  ligaments  mav  also  be  referred  to  it. 

As  a  result  of  these  various  modifications  and  their  combinations  the  individual 
muscles  of  the  adult  body,  together  \vith  the  aponeurotic  sheets  which  are  frequently 
associated  \vith  them,  are  formed. 

GENERAL  CONSIDERATION  OF  THE  VOLUNTARV  MUSCLES. 

The  voluntary  or  striated  muscles  constitute  a  very  considerable  portion  of  the 
entire  mass  of  the  bodv,  their  \veight  in  an  average  adult  male  having  been  esti- 
mated  at  about  43.4  per  cent.  of  the  total  body  \veight  (\'ierordt).  Each  muscle 
is  a  distinct  organ  composed  of  a  number  of  contractile  fibres  united  into  bundles  or 
fascindi  surrounded  by  a  delicate  sheath  of  connecti\e  tissue,  the  pcrimysium ^  in 
which  blood-vessels  and  nerves  ramifv  to  the  various  fasciculi,  and  which,  at  the 
surface  of  the  muscle,  is  continuous  \vith  the  fascia  which  encloses  the  entire  organ. 

At  each  extremity  of  the  muscle  the  contractile  tissue  is  united  with  dense 
connective  tissue.  the  general  structure  of  uhich  resembles  that  of  the  muscle,  its 
fibres  lH'ing  arranged  in  distinct  bundles  separated  and  enclosed  by  looser  tissue 
comparaf)le  to  the  perimysium.  Hy  means  of  thi^se  tnidons^  as  they  may  generi- 
cally  Ik-  termed,  the  attachment  of  the  muscle  to  portions  of  the  skeleton  or  other 
structures  is  eftected.  The  extent  to  \vhich  the  tendon  is  developed  varies  greally 
in  different  muscles,  in  some  being  hardly  noticeable,  so  that  the  muscle-tissue 
appears  to  be  directly  attached  to  the  bone  (Fig.  496),  at  other  times  form  ing  a 
long  rounded  or  flattened  band  (Fig.  57C^),  to  \vhich  the  term  tendon  is  usually 
applied.  or  again  forming  a  broad,  tlat  expansion,  termed  an  apcnieurosis  (Fig.  525). 
Both  the  tendons  and  aponeurost^s  are  to  be  regarded  as  re[)rc^enting  portions  of  the 
original  muscle  converted  into  connective  tissue,  and,  indeed,  comparative  anatoniy 
sho\vs  that  many  of  thr  ligaments  and  aponeurosi^s  of  the  body,  even  although  they 
may  not  srem  to  lx?dir(<tly  related  to  neighboring  muscles,  are  really  to  be  regarded 
as  muscles  vvhich  have  uiidergone  a  tendinous  degeneration. 

Attachments. — The  great  majority  of  the  voluntary  muscles  are  attached  at 
either  <-nd  to  portions  of  the  skeleton,  [)assing  over  one  or  more  joints,  in  which 
thev  effect  movement  f)y  their  contraction.  ()ccasionally,  however,  a  muscle  niay 
l)e  attached  at  one  of  its  rxtremities,  in  part  or  entirely,  to  fascia.  as,  for  instance, 
the  gluteus  maximus  and  the  tensor  fascia:*  lata*,  or  l>oth  of  its  attachments  niay  be 
to  fascia,  as  is  the  čase  with  some  of  the  muscl<*s  of  expression  and  with  the  muscles 
of  the  palate  and  the  intrinsic  musculature  of  the  tongue.  Others,  again,  may  have 
one  or  both  of  their  attachments  to  tendons  of  other  muscles, — €,g.^  the  accessorius 
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alternate  with  one  another,  the  muscle  having  thus  a  compound pinnate  arrangement 

(Fig.  491.  ^'). 

As  a  rule,  the  tendons  occur  in  connection  with  the  extremities  of  the  muscle, 
but  occasionally  one  or  more  tendinous  intersections  may  occur  in  the  course  of  the 
muscle,  which  thus  becomes  divided  into  two  or  more  bellies.  This  condition  mav 
be  the  result  of  the  end-to-end  union  of  the  tendons  of  attachment  of  two  primari]y 
distinct  muscles  (^.;^.,  digastric,  Fig.  497)  or  to  the  persistence  of  some  of  the 
dividing  lines  which  separate  the  various  embryonic  segments  of  which  a  muscle 
may  be  composed  {^e.g.,  rectus  abdominis,  Fig.  523)  ;  or  it  may  be  due  to  a  scc- 
ondary  attachment  formed  by  a  muscle  in  its  course,  it  being  bound  down  to  a 
neighboring  bone  by  a  band  of  fascia  (^e.g,,  omo-hyoid). 

Certain  muscles  present  the  peculiarity  of  possessing  two  or  more  se[)arate 
heads  of  origin,  attached  to  different  bones  and  uniting  to  form  a  common  tendon  of 
insertion.  In  certain  cases  (^.^.,  biceps  femoris,  pronator  radii  teres)  this  condition 
indicates  the  union  of  two  primarily  distinct  muscles  which  had  a  common  insertion, 
or  which  were,  at  ali  events,  originally  inserted  close  togcther,  but  in  other  cases  it 
has  resulted  from  a  separation  of  an  original  muscle  into  two  portions.  The  ana- 
tomical  nomenclature  is  not  quite  consistent  as  regards  such  muscles,  since  it 
describes  the  biceps  femoris  as  a  two-headed  muscle,  although  its  two  heads  are 
fundamentally  distinct  organs  ;  while,  on  the  other  hand,  it  usually  regards  the 
psoas  and  iliacus  and  the  gastrocnemius  and  solcus  as  distinct  muscles,  notwith- 
standing  their  common  insertion. 

Fasciae. — Connecting  the  various  muscles  and  uniting  them  into  grouj>s,  and 
also  surrounding  the  cntire  musculature  of  the  body  and  separating  it  from  the 
deeper  layers  of  the  integument,  are  sheets  of  connective  tissue  known  as  fascia, 
These  sheets  are  by  no  means  isolatcd  portions  of  connective  tissue,  but  are  rather 
to  be  regarded  as  parts  of  the  general  interstitial  connective-tissue  net-work  which 
traverses  ali  parts  of  the  body,  thickeiied  to  form  more  or  less  definite  sheets  stand- 
ing  in  relation  to  the  neighboring  organs.  The  density  of  the  sheets  varies  gTeatly  ; 
in  some  regions  they  are  imperfectly  developed  and  may  contain  considerable 
amounts  of  fat,  while  in  others  they  form  dcnse,  glistening  sheets  resembling  the 
expansions  of  tendons  mentioned  ahove,  and  termed,  like  these,  apaneuroses. 

It  is  convenient  to  recognize  two  principal  layers  of  fasciae,  the  superficial  and 
the  deep. 

The  superficial  fascia  immediatelv  underlies  the  skin  of  the  entire  body,  and  is 
sometimes  considered  a  portion  of  it  and  termed  the  panniculus  adiposuSy  since, 
except  in  the  eyelids,  penis,  scrotum,  and  labia  minora,  it  contains  considerable  quan- 
tities  of  fat.  It  is  connected  with  the  suhjacent  deep  fascia  by  a  more  or  less  exten- 
sively  developed  layer  of  areolar  tissue,  which,  ho\vever,  is  lacking  in  certain  regions, 
such,  for  instance,  as  the  face,  the  palmar  surface  of  the  hand,  and  the  plantar 
surface  of  the  foot,  where  the  superficial  and  dce[)  fasciie  are  intimately  united. 

The  deep  fascia,  on  the  other  hand,  immediatelv  covers  and  invests  the  muscles, 
and  in  the  intervals  !>et\veen  them  becomes  continuous  with  the  periosteal  connec- 
tive tissue  enclosing  the  bones.  Those  lamelhe  of  the  fascia  which  dip  down 
lK'tween  the  muscles  of  the  limbs — the  intermuscular  sepia — are  frequently  of  con- 
siderable firmni^ss  and  serve  for  the  origin  of  fibres  of  the  neighboring  muscles,  and 
occasionallv  muscles  ie.g.,  soleus,  levator  ani)  take  their  origin  in  part  directlv 
from  portions  of  the  deep  fascia,  which  then  In^comes  thickened  along  the  line  of 
the  origin  to  form  strong  l)iin<ls,  termed  arcus  tendiuei,  attached  at  either  extremity 
to  neighl)orini»  hones. 

Certain  portions  nf  the  deep  fascia,  and  especiallv  of  the  intermuscular  septa, 
represeiit  j)ortions  of  the  muscular  svstem  which  have  undergone  tendinous  degen- 
eratirMi,  and  are  rey)resented  bv  muscular  tissue  in  the  lower  vertebrates.  Indeed, 
tlu'  relativ«*  amount  of  a|)oneurotic  and  tendinous  tissue,  «is  compared  uith  the  mus- 
rular,  is  verv  much  greater  in  th«»  hit^her  than  in  the  lo\ver  forms.  and  is  appre- 
ciablv  greater  in  the  human  embrvo  ihan  in  the  adult,  indicating  a  transformation 
of  one  tissue  into  the  other  dnring  the  lifc  of  tht*  indiviihial. 

Tendon -Sheaths.  \\'h<*re  tendons  run  in  j^rouves  of  l>ones,  lxmds  of  dense 
connective  tissue  extend  across  lK't\veen  the  lips  of  the  grooves,  being  continuous 
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regions  of  the  body  and  to  a  certain  extent  into  the  head  region,  there  beinp,  how- 
ever,  in  this  la^it  rcgion  a  considcrablc  area  in  which  the  muscle-plates  are  unrepre- 
sented. 

Thrtmuhoul  ihis  area  of  thu  head  rejfion  muscles  occur  vihich  arist-  in  rclation 
U)  the  brancliial  archcs  and,  accordinjily,  in  a  niuch  more  ventral  position  than  the 
inesdtlfrniic  somiles.  Furthtrmore,  thc-sc  muscles  are  siipplied  by  branches  from 
the  mix«l  cranial  ner\-es.  arisinj;  froiii  cells  siciiate<!  in  a  portion  of  the  mediiUa 
oblongata  uhiih  is  ctJinparahle  to  the  lateral  horn  of  the  spinal  cord  and  con- 
stitutinj;  what  are  teniietl  lateral  motor  roots,  in  cmilradistinction  to  the  nu-dtan 
or  antcrior  motor  roots   which  sn]iply  the  muscles  derived  from   tlie    nies<xiermic 


^J6^ 


There  are  thus  lwo  shar|>ly  detined  systems  nf  iimscnlature  :  the  one,  priniari1y 

cotitined  to  the  cr.inial  rf^ion,  is  siipplied  by  lateral  nuitor  nent-s,  an<!  frf>m  its  rela- 

tioti  to  the  branchial  arclies  riiay  be  terined  tiie  brandiiomerk  miisfulatuie ;  the  nther, 

supplied  by  anterior  motor  nerves,  is  arranjjcd 

Frn.  49J.  priniarily  ii)  a  series  o(  si-gmental  (  metameric) 

"  "^  plates,  and  mav  l>e  terniecl  the  nutameik  iiius- 

ciilalure.      Thesc  twii  svsteiiis  constitute  the 

lirsi  divisiiins  in  ihe  morphological  cht^silica- 

tion  iif  the  miisciilaHire. 

The  (iirtliiT  siibdivision  of  the  branchio- 
meric  mnsck--;  is  most  coineniontlv  made  with 

ttliich  thev  are  sii|iplie<i.  I-"<)r  the  nietanieric 
ntnsculatiirea  more  complicated  siilKhvision  is 
iMith  necws;iry  and  ccmvenient.  and  in  the  first 
plače  it  niay  be  di\  ideil  into  the  axial  and 
the  appendkular  miiscnlatiire.  For  the  latter 
jjriuip,  which  includes  ali  the  muscles  of  the 
limbs,  a  ilerivation  (roni  the  mescHlermic  so- 
niites  seeins  jirohabte.  ontjrrovths  from  certain 
snniitcs  e.\tendin>;  into  the  limb-l>uds  when 
these  develop  ;  Init  it  has  not  yet  been  possi- 
ble  to  demonstrate  thal  this  is  ihe  čase,  the 
limb  miiseles  reallv  making  their  appearance 
in  an  unset^niented  mass  of  iDesoblast  in  the 
1inili-!>ud  wliich  appcars  to  liuve  nn  connection 
vvith  the  mesobiastic  somites.  these  structures 
apparentlv  not  lx.'in|;  continned  into  the  limb- 
bnd,  luit  setniing  to  stop  ^hort  at  its  base.  In- 
deed,  it  is  quite  possibU-  that  the  hmb  tnuscles 
shimld  mit  l>e  included  imder  the  metameric 
mnsculatiire  ;  bi 
their  minle  n[  developmen 
condensaliun  of  the  embr 

■enis  |)referabte  to  r 
that  jn^otip. 

Thplater  development  of  ihe  cranial  mea- 
(vhat  (hfTercnl  from  that  of  the  others,  and  it  is  consequendy 
>iip  thea\ial  muscles  derive<l  from  tlieni  by  themselvcs.  And  since 
somitw  form  in  the  embrvo  two  clearlv  defincd  nroni)s,  it  seems  well  to  plače 
the  <lerivetl  nuisck-s  in  twd  j,'roiips  \vhich  may  hn  lermed  respectivelv  the  orbilal  and 
the  hvpcglosMil  '^xti\\\». 

TIr-  riniaininj;  somites,  whiih  niaylie  f;rnuped  ti'j,'ether  as  the  triink  somiles,  in 
their  lati-r  di-velii]>ment  underj;u  niinienHis  nioilitications,  some  of  uhich  mav  be 
regarded  as  fiindaineiita!  an.l  |.rimarily  affectint:  M  «i  the  series.  and  thns  aflordinR 
a  kisis  fiir  a  fiinher  siilKiivisiiui,  Tlic  nmst  iundamenlal  nf  tliese  modifications  is  a 
divi-iim  (i[  e:icli  snmiie  into  a  dorsul  anii  a  vfntral  pnrticm.  currespondinf;  respectively 
to  the  ]>riniary  clivisinns  ol  the  spiital  nerves,  and  permitting  the  rccognition  ol  a 


s  demonstrated  that 

is  not  a  secondarv 

■Uipical  hisior}-.  it 

II  them  as  menibers  of 


oblast io  s 
convcnicnt  tu  grm 


GENERAL  CONSIDERATION   OF  THE  VOLUNTARV  MUSCLES.   473 


dorsal  and  a  ventral  group  of  trunk  muscles.  The  portions  of  thc  ventral  divisions 
on  either  side  of  the  mid-vcntral  line  separate  to  form  a  subordinate  group  of  mus- 
cles which  may  be  termed  the  rec- 

Fig.  494. 

Dorsal  division  of  spinal  nerve 


Ventral  divi- 
sion of  spi- 
nal nerve 


fus  graiip  (Fig.  494),  the  more 
lateral  portions  giving  rise  to  a 
g[roup  which,  from  the  prevailing 
3blique  course  of  its  fibres,  may 
be  termed  the  obligiius  group; 
md,  finally,  from  the  more  dor- 
sal portions  of  the  ventral  muscu- 
lature  there  are  developed  in  cer- 
tain  regions  of  the  bocly  muscles 
A'hich  lie  ventral  to  the  bodies 
3r  processes  of  the  vertebrie,  and 
may  be  termed  the  hvposkeletal 
muscles,  in  contrast  to  the  re- 
maining  musculature  \vhich  ex- 
tends  bet\veen  the  skeletal  ele- 
ments  or  lies  dorsal  to  thcm,  and 
lience  is  termed  the  ep  i  skeleta  I  mus- 
milature. 

To  sum  up  the  classification 
proposed  it  may  be  represented  in  the  follouing  manner  : 


Dorsal  Kroiif) 


I-Iy|)oskcletal 
group 


Obliquus 
'    KTOUP 


—  Rectus  Rtoup 


DiaKTummatic  cross-scction  of  bcKlv,  showing  primary  groups  oJ 

trunk  muscles. 


I.  Branchiomeric  Muscles. 
II.   Metameric  Muscles. 

A.  Axial  Muscles. 

1.  Grbi  tal  muscles. 

2.  Hypoglossal  muscles. 

3.  Trunk  muscles. 

a.  Dorsal, 

b.  Ventral. 

a,  Reetus  set. 

b,  Ob/iguus  set. 

e.   Hvposkeletal  set, 

B.  Appendicular  Muscles. 

Nerve-Supply. — The  segmental  regularity  of  the  mesodermic  somites  is  but 
ilighdy  retained  in  the  adult,  numerous  rhodifications,  such  as  fusion,  tangential  and 
[ongitudinal  splitting,  mi^ration,  and  even  obliicration  taking  plače  in  them  to  pro- 
duce  the  various  muscles  of  the  adult.  The  various  moditications  have  not  in  ali 
irases  been  traced,  but  a  studv  of  the  nerve-supplv  of  a  muscle  gives  in  manv,  if  not 
Ul,  cases  an  important  clue  to  its  origin.  This  depends  upon  the  fact  that  the 
muscles  may  be  regarded  as  the  end-organs  of  the  motor  nerves,  and  that  the  seg- 
mental  relation  establishcd  in  the  embrvo  between  a  nerve  and  the  muscle- tissue 
Jerived  from  a  given  mesodermic  somite  is  not  disturbed  in  later  development,  no 
natter  what  changes  of  relation  the  muscle-tissue  mav  undergo.  Thus,  when  a 
muscle,  such  as  the  rectus  ahdominis,  is  found  to  be  su[)plie(i  by  a  number  of  spinal 
iier\'es,  it  is  l:)ecause  it  luis  l>een  formed  by  the  fusion  of  p<^rtions  of  a  corres[)onding 
lumber  of  mesodermic  somites  :  and  \vhen  a  muscle,  such  as  the  latissimus  dorsi, 
ying  mainly  in  the  lumbar  rci>:ion,  is  found  to  be  supplied  by  a  cervical  nerve,  it  is 
3ecause  it  has  u-andered  from  its  original  point  of  formation  in  the  cervical  region. 

Variations  in  the  nerve-su|)ply  are  occasionally  scen,  especiallv  in  the  limb  mus- 
:les;  but  it  seems  probai)lc  that  such  variations  are  only  apparent.  the  nerve-fibres 
iupplying  the  muscle  being  in  ali  cases  strictlv  equivalent,  arising  from  the  same 
region  of  the  spinal  cord.  even  although  thcy  mav  pursue  in  difTerent  individuals 
somewhat  difTerent  f)aths  in  order  to  reach  their  destination.  Thus,  a  muscle  which 
ciormally  is  supplied  by  tibres  from  the  median  nerve  mav  sometimes  be  found  to  be 
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supplied  by  the  ulnar  nerve,  the  nerve-fibres  using  the  ulnar  nerve  as  a  pathway  by 
which  to  reach  thcir  destination,  instead  of  the  median  nerve. 

It  is  important,  therefore,  both  froni  the  morphological  and  clinical  stand-ix>ints, 
that  not  onlv  should  the  nerve  along  which  the  tibres  pass  to  reach  their  destination 
be  known,  but  also  the  ner\'e-roots  by  which  they  issue  from  the  central  ner\'OUS 
system. 


THE  BRANCHIOMERIC  MUSCLES. 

The  branchiomeric  muscles  are  those  skeletal  muscles  which  are  derived  from 
the  mesoderm  associated  \vith  the  branchial  arches,  and  are  supplied  by  those  cranial 
nerves  whose  motor  fibres  constitute  what  are  termed  lateral  motor  roots.  These 
nerves  are  the  trigeminus,  facialis,  and  glossopharyngeo-vago-accessorius  groups, 
and  the  classitication  of  the  muscles  may  well  be  according  to  their  innervation  by 
these  three  ner\'e-groups. 

I.     THE  TRIGEMINAL   MUSCLES. 

The  trigeminal  muscles  stand  in  relation  primarily  to  the  first  embryonic  or  jaw- 
arch,  Jind  in  the  adult  to  the  structures  developed  in  association  with  this, — i,e,^  to 
the  mandible  and  the  malleus.  The  mandihtilar  muscles  are  represented  by  the 
muscles  of  mastication  and  two  muscles,  the  mylo-hyoid  and  the  anterior  bellv  of 
the  digastric,  \vhich  extend  between  the  mandible  and  the  hyoid  bone,  and  may  be 
termed  the  submaital  muscles.  Connected  with  the  malleus  is  a  single  muscle,  the 
tensor  tym[>ani,  and  an  additional  trigeminal  muscle  is  found  in  association  with  the 
soft  palate,  the  tensor  palati. 

{a)  TME  MUSCLES  OK  MASTICATION. 

1.  Massetcr.  3.   Pterygoideus  Externus. 

2.  Temporalis.  4.   Pterygoideus  Internus. 

I.   Masskter  (Fig.  495). 

The  masseter  is  a  strong  quadrilateral  muscle  composed  of  two  portions,  sep- 
arated  at  their  origin  and  ix)steriorly  by  a  quantity  of  loose  areolar  tissue,  but 
united  towards  their  insertion  into  the  mandible. 

Attachments. — The  superiicial  portion  arises  by  a  strong  aponeurosis  from 
the  anterior  t\vo-thirds  of  the  lower  border  of  the  zygoma,  while  the  deeper  part 
arises  directly  from  the  postcrior  third  of  the  lower  border  and  the  whole  of  tne  inner 
surface  of  the  zvgoma.  The  fibres  of  the  superficial  portion  pass  downward  and 
slightly  !>ackwar(i  to  be  inseried  into  the  outer  surface  of  the  angle  of  the  mandible, 
while  those  of  the  deeper  portion  pass  more  directlv  do\vn\vard  and  are  inserted  into 
the  outer  surface  of  the  ascending  ramus  as  high  as  the  bases  of  the  articular  and 
coronoid  processes,  encroaching  to  a  certain  e-\tent  upon  the  insertion  of  the  temporal 
muscle. 

Nerve-Supply. — By  the  masseteric  branch  of  the  anterior  ix)rtion  of  the  man- 
dibular  division  of  the  trigeminus. 

Action. — To  raisf  the  mandible  and,  by  its  su[)erficial  portion.  to  draw  it  for- 
ward  to  a  slight  extent.  Ovving  to  the  fibres  «»f  the  muscle  being  directe<l  almost 
per|H*n<iicularly  to  the  lever  ujmmi  which  it  at^ts,  the  massrter  \vorks  at  much  less 
mechaniral  (lisi<Ivanlage  than  is  usual.  and  its  action  is  therefore  excee(lingly  ix>werful. 

Relations. — \  consi<leral)lf  portion  of  the  masseter  is  subcutaneous.  Poste- 
riorlv,  howfV«'r,  thr  parotid  glaiid  rests  upon  its  outer  surface.  and  it  is  crossed  by 
tli<*  parotid  duct.  the  transvrrse  facial  arterv,  and  branches  of  the  facial  ner\-e. 
Antfriorlv  its  <ii.-ep  surfare  is  sfparaled  from  the  huccinator  muscle  by  a  wel!-deve!- 
oped  mass  of  fat.  the  bucral  fat -pad  ^  pag«'  4«^9  ). 

The  Parotideo-Masseteric  Fascia. — Covering  the  anterior  surface  of  the 
masseter  is  a  thin  laver  of  fascia,  the  masseteric  fascia,  attached  above  to  the  zygoma 
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and  fading  out  anteriorly  beneath  ihe  facial  muscles.  Posteriorly  it  becomes  thicker 
and  divides  into  two  layers  to  enclose  the  parotid  gland  (parolid  fascia),  the  super- 
ficial  layer  becoming  continuous  behind  with  the  layer  oi  the  deep  cervical  fascia 
which  endoses  the  sterno-mastoid  muacie,  whtle  the  deeper  layer  is  connected  inter- 
nally  with  the  styloid  process  and  joins  the  deep  cervical  fascia  below.  A  thickening 
of  this  deeper  layer  fornis  a  flat  band,  ihe  slylo-mandibular  ligament,  which  passes 
downward  and  oiitward  from  the  styIoid  process  to  the  angle  of  the  jaw. 

2.  Temporalis  (Fig.  495). 

The  temporal  fascia  forms  a  strong  aponeurotic  membrane  attached  abo'/e  to  the 

superior  temporal  line  and  the  portion  of  bone  betweeii  this  and  the  inferior  line, 

being  along  this  attachment  continuous  with  the  periosleum.      Beiow  it  divides  into 

two  layers  which  are  separated  by  a  quantity  of  adipose  tissue,  through  which  the 

Fig.  495- 


s"»-f= 


,    '^^^]e  temporal  artery  may  run,  and  is  attached  to  the  zvgoma,  its  superficiai  laj'er 

'"^'^»'ting  into  the  upper  border  of  the  arch  and  its  deeper  laver  intn  the  inner  surface. 

Attachments. — The  tcm|»oraI  nmscle  ariscs  from  the  iipper  half  of  the  deep 

ce  of  the  temjjoral  fascia  and  froni  the  whole  e\tent  of  the  fJoor  of  the  temporal 

-^.      Its  fibres  con\erge  to  an  e.\ceedingU-  stroiif^  tenduii.  nhich  iiisfiis  into  the 

*'^»ioid  process  of  the  mandiblc.  occiipying  l>oth  its  borders,  the  »vhole  of  its  inner 

*s*.ce,  and  a  varvinj^  anioiint  of  its  oiiter  surface. 

Nerve-Supply, — By  the  anti-rior  and  postcrinr  deep  temporal  branches  Irom 
-*nterior  portion  of  the  nianJilmlar  division  of  ihe  trigeminus. 
_  Action. — To  raise  the  niandil)k'.      The  more  posterior  tibres  serve  to  retract 
3aw,  acting  thus  as  an  antagonist  uf  the  e.\ternal  pterygoitI. 
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Relations. — Superficial  to  the  temporal  fascia  are  branches  ol  the  supetiidal 
tempontl  \'essels  and  the  auriculo -temporal  nerve.  Beneath,  the  muscle  is  in  reUtion 
to  the  internal  maxillary  artery  and  the  external  pterygoid  muscle- 

3.  Ptervgoideus  Externus  (Fig.  496). 

Attachments. — The  external  ptcrygoid  ariscs  by  two  heads.  The  upper 
hcad  takes  its  oriKi"  from  the  under  siirface  of  the  great  winjj  o(  the  sphenoid.  inter- 
nal to  the  infratcmporal  crest  (pterygoid  ridge),  while  the  lower  head  ariscs  from 
the  outer  surface  of  the  lateral  ptervKoid  platc.  The  tw(i  heuds  are  at  lirst  sej)arated 
by  a  narrow  triangutar  interval  through  ivhich  the  internal  maxillary  artery  {lasses, 
Init,  passing  back\vard  and  outHard,  ihcv  stion  unite  tu  be  iiiserted  into  the  anterior 
l>i»rder  of  the  intcntrtieular  fibr()-eartihige  of  the  mandibuhir  articulation  and  into  the 
neck  of  the  coiKlyloid  process  of  the 
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its  loiver  head  is  frequently  crossed  by  the  intei 
nerve,  and  antC'riorly  it  is  separatcd  from  the  m; 
dwp  surface  rests  iipon  the  nppcr  piirt  ol  the  i 
relatiiin  to  the  internal  maxillary  arterv  and  the  1 
ol  the  mandibular  division  ()f  the  trigeminus. 


landible, 

Nerve-Supply. — Bytheexter- 
nal  ptervgciid  briinch  of  the  anterior 
portion  ol  the  iiiandibular  division  of 
the  trigeminus. 

Action. — \Vhen  biith  musclcs 
aft  together.  tbey  draw  the  j;iw  and 
the  intcrarticnlar  fibro-cartilage  for- 
ward,  a  iniivenient  which  aliiavs 
acci)ni]i;inies  and  assists  in  the  de- 
jiressiim  of  the  jaw.  \Vhen  bnt  one 
muscle  acts,  the  ramiis  to  which  it  is 
attached  is  <lnnvii  for\vard.  \vhilc  the 
other  pivots  in  its  articular  surface, 
the  resiilt  !>t-ing  an  ajiparent  laterat 
movenicnt  of  the  jaw  tovvards  the 
pivotal  side. 

Relationa,— The  outer  surface 
of  the  external  ptervgoid  is  in  rela- 
tion  to  the  coroiioid  process  of  the 
niandible  and  the  temporal  muscle, 
iial  nKixi)lary  artery  and  the  buccal 
sseter  by  the  buccal  fat-pad.  The 
iternal  pterygoid  muscle,  and  is  in 
iferior  dental  and  lingual  branches 


4.  PTERV<;oMiia's  Intkrm-s  (Fig.  496). 
Attachments, — The  internal  ptervgoid  arises  from  the  walls  and  floor  of  the 
ptervgoid  fussa,  the  majoritv  of  its  fihres  biing  attacheti  to  the  inner  surface  of  the 
esternal  ptervgoid  plate  and  to  the  tulk-rositv  of  ihe  jialale  bone.  A  smaller  bundle 
of  tibres.  foriuing  «hat  mav  be  termed  ,1  sccond  bead.  separatcd  from  the  main  por- 
tion of  Ihe  miLSiie  by  the  loiver  head  of  the  exlernal  ptervgoid,  lrequently  arises 
fri)m  the  tulierosiiv  i>f  the  niaxilla  aiiil  the  adjaeent  portion  of  the  palatč  bone. 
l-nim  tliesf  origins  the  lilires  are  directed  do«n\vard  and  somevvhat  outward  and 
l)ackward  ti>  W  iuu-rUd  ini^.  tlie  inner  surface  ol  the  augU-  and  ranuis  of  the  mandi- 


Me  Ih-1..w  the 


vlo.livoid  )J 


;-Supply. — Hy    ihe  internal    ] 
man<lil>ular  division  oj  the  trigeminus. 

Action. — Its  chiel  aition  is  to  r.iisf  the  ja\v,  h 
potterful  action  as  the  niassel.-r.  (Iwing  to  the  di 
assist    ihi'  e\ternal  pleryj;oicl   in    jmiiruding  the  \.v 


\  branch   from  the    trunk   of    the 

ving  in  this  respect  almost  as 
eetion  of  iis  fibres,  il  »ill  aiso 
■  an<l   in   jiroducing  its  lateral 


Relations.— The  nut 

the  mandible,  the  internal  11 


■  snrfaii-  of  di,.  musrle  is  in  nlation  uith  the  ramus  of 
xiil,iry  arterv,  and  ihe  inferior  dental  and  lingtial  ner\'es 
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passing  between  the  muscle  and  the  bone.  Above  its  larger  head  is  covered  by  the 
external  pterygoid.  Its  inner  surface  is  in  contact  above  with  the  tensor  palati,  the 
superior  constrictor  of  the  pharynx,  and  the  ascending  palatine  artery,  while  to\vards 
its  insertion  it  is  in  relation  with  the  stylo-hyoid  and  posterior  belly  of  the  digastric 
and  with  the  submaxillary  gland. 

Variations  of  the  Muscles  of  Mastication. — ^The  muscles  of  mastication  are  ali  derivatives 
of  a  single  muscular  mass  represented  by  the  adductor  viandibulcF  of  fishes,  and  indications 
of  their  common  origin  are  not  infreguentlv  to  be  seen  in  partial  unions  of  the  various  muscles. 
Thus,  fibres  from  the  ix)Sterior  portion  of  the  deeper  head  of  the  masseter  niay  join  the  tem- 
poral,  fibres  from  both  the  temporal  and  masseter  sometimes  pass  to  the  anterior  border  of  the 
hbro-cartilage  of  the  mandibular  articulation,  and  connections  have  also  been  ()bser\ed  betvveen 
the  temporal  and  the  external  pter>'goid. 

Aaditional  independent  muscles  apparently  belonging  to  this  f^roup  sometimes  occur  in 
the  pterygoideus  proprius,  vvhich  extends  from  the  infratemporal  crest  of  the  sphenoid  to  the 
posterior  edge  of  the  extemal  pterygoid  plate,  and  in  the  pterygo-spinosus,  \vhich  has  for  its 
attachments  the  spine  of  the  sphenoid  ancl  the  posterior  border  of  the  extemal  pter\'goid  plate. 
The  significance  of  these  muscles  passing  betu'een  points  vvhich  are  immovable  is  somevvhat 
obscure.  The  close  relationship  vvhich  tne  pter>'go-spinosus  bears  to  the  spheno-mandibular 
ligament  seems  to  indicate  that  it  represents  the  musculature  of  that  portion  of  the  mandibular 
arch  which  has  become  transformed  into  the  ligament,  and  that  usually  it  is  represented  by  the 
connective  tissue  enclosing  the  ligament. 

{b)  THE  SUBMENTAL  MUSCLES. 

I.   Mylo-hyoideus.  2.   Digastricus  (Anterior  Bellv). 

This  group  of  trigeminal  muscles  contains  but  tvvo  representatives,  the  mylo- 
hyoid  and  the  anterior  belly  of  the  digastric.  This  latter  muscle,  as  ordinarily 
described,  consists  of  two  distinct  muscles  united  at  their  attachment  to  the  hyoid 
bone,  the  anterior  of  the  two  muscles  belonging  to  the  trigeminal  group,  \vhiie  the 
posterior  is  a  member  of  the  facial  group.  It  will  be  convenient  to  describe  the 
muscle  as  a  whole,  even  although  it  belongs  only  in  part  to  the  group  under  con- 
sideration. 

I.  Mylo-Hyoideus  (Fig.  497). 

Attachments. — The  mylo-hyoid  ariscs  from  practically  the  entire  iength  of  the 
inylo-hyoid  ridge  of  the  mandible,  from  \vhich  the  fibres  pass  inward  and  slightly 
backward  to  be  inserted  for  the  most  part  into  a  median  fibrous  raphe  common  to 
the  two  muscles  of  opposite  sides,  the  posterior  fibres,  however,  being  attached  to 
the  upper  border  of  the  body  of  the  hvoid  bone.  The  t\vo  muscles,  taken  together, 
form  a  muscular  floor  for  the  mouth,  the  diaphragma  oris,  upon  \vhich  the  tongue 
may  be  said  to  rest. 

Nerve-Supply. — By  the  mylo-hyoid  from  the  inferior  dental  branch  of  the 
mandibular  division  of  the  trigeminus. 

Action. — To  dra\v  the  hyoid  bone  up\vard  and  at  the  same  time  to  raise  the 
floor  of  the  mouth,  pressing  the  tongue  against  the  palate. 

Relations. — The  superficial  surface  of  the  mvlo-hvoid  is  in  relation  with  the 
anterior  belly  of  the  digastric  and  with  the  facial  arterv.  The  submaxillary  gland 
curves  around  its  posterior  free  margin  and  is  thus  in  relation  \vith  l)oth  its  surfaces, 
the  submaxillary  duct  nnining  for\vard  upon  its  decper  surface.  This  latter  surface 
is  also  in  relation  \vith  the  gcnio-hyoid,  genio-glossal,  hvo-glossal,  and  stvlo-glossal 
muscles,  with  the  sublingual  gland,  and  with  the  lingual  branch  of  the  trigeminus 
and  the  hypoglossal  nerve. 

2.   DiG-ASTRicus  (Figs.  497,  502). 

Attachments. — The  digastric,  as  its  name  indicates,  consists  of  two  bellies 
which  are  united  by  a  strong  cylindrical  tendon.  The  anterior  belh\  which  alone 
belongs  to  the  trigeminal  group  of  muscles,  ariscs  from  the  digastric  fossa  of  the 
mandible,  and  is  directed  downward,  backuard,  and  slightly  outward  to  become  con- 
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tiniious  with  the  intermediate  ttrndon.  This  is  lxnin<l  do\vn  to  the  greater  hom  and 
bodv  <if  thi-  hyi»id  lx>ne  by  a  jnilk-y-likc  hand  iif  ihe  cer\ical  fusci;i  and  to  a  certain 
cxtc-iit  t>y  tht-  Htylo-hy()id  musclu,  uhich  dividt-s  n«ir  its  inscrtioii  iiito  ihc  hyoid  into 
two  .sli|)s,  lK-twi'en  which  the  tendoii  nf  the  dij;astric  piissts. 

Tlit  postfriar  belly  (Fijj.  502 )  lakc-s  its  oiif^hi  from  tlif  niiistoi<l  uroovc  of  the 
tfm|K)ral  Inhii.'.  and  jKisses  d<iwnward  and  for\vard  to  lHXXime  connccted  with  the 
inlLrnifdiatf  tcndun. 

Nerve-Supply. — The  anterittr  b«;lly  is  sit|>])lk-d  l>y  tht-  niylo-hyoid  nervc  from 
ihi;  iiik-ridr  dtntal  hntnch  of  tht  mandibnlar  divisiiin  of  the  trit^eminus,  the  posterior 
l><.'lly  by  the  ihnastric  branch  nf  tht  facial. 

Action. — The  diy;istric  either  raises  the  hyoid  bone  or  depresses  the  jaw, 

I-H;.  jg7. 


acc(irdin(rasi)neorotherof  the  bones  is  tixed  by  the  anta^'omzinK  muscies.  Byraising 
tht  hyiiid  wheu  the  mundible  is  fixed,  it  assists  the  mylo-hyoid  in  pressing  the  tongue 
aftainst  the  jialatc  duritin  the  finit  portion  of  the  act  ol  dcglutition,  and  in  the  second 
|H)rti(in  of  that  ait  the  posteriur  t>elly  will  :i^sist  the  stylo-hyoid  in  <lrawing  the  hyoid 
upnard  and  iKirkuaril  and  so  hel|)  in  elevatinj;  the  larynx. 

Relations. — The  anterior  l)elly  rests  ui>on  the  mvlo-hvoid  muscle.  The  pos- 
terior  Ullv  is  ii.vered  by  the  sterno-ui;tsti lid  and  spleniiis  miisclcs,  and  crosses  both 
the  i-\ternal  and  internal  cartilid  arteries,  the  internat  jiignlar  vein,  and  the  pneumo- 
giL-itric  and  spinal  accessnrv  nerves. 


Varialions — \  d  ust 
the  iliuiLMrir.  aml  thi-re  is 
suniftimcs  uniountliiK  i'i 


elaliiinship  e« 
isiiallv  m..re  .1 
tuniiiktc  fiisi 


its  helu'een  the  niy!o-hyoid  ai«!  the  a _, 

1i-s>.  L'M-hii]i};t  >>[  lil>ri-s  1>elw(.-vn  the  tw-o  muscl«, 
in.    A  (lu))li(.'ity  of  ihe  anieriur  b<:lly  is  a  rather  fre- 
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c^aent  variation,  and  the  anterior  bellies  of  opposite  sides  may  be  united  by  the  more  or  less 
cromplete  conversion  of  the  fascia  which  typically  passes  between  them  into  muscular  tissue. 
^A.n  independent  niuscle  extending  belween  the  body  of  the  hyoid  and  the  symphysis  of  the 
niandible,  and  termed  the  mefUo'hyoid,  occasionallv  is  found  runnin|^  alongside  of  the  medial 
lr>order  of  the  anterior  belly,  and  is  to  be  regarded  as  a  separated  portion  of  that  muscle. 

As  regards  the  ix>sterior  belly,  it  niay  take  its  origin  froni  any  part  of  the  mastoid  groove 
^o^T  even  from  the  outer  portion  of  the  siiperior  nuchal  line,  and  occasionalIy  it  fuses  conipletely 
^^'ith  the  stylo-hyoid.  In  certain  cases  in  which  there  is  a  failure  of  the  anterior  belly  to  diflFer- 
e^rntiate  from  the  mylo-hyoid,  the  posterior  belly  is  inserted  into  the  angle  of  the  mandible 
isistead  of  into  the  hyoid  bone, — a  condition  recalling  the  arrangenient  tvpical  in  the  niajority 
f  the  mammalia,  in  which  the  posterior  belly  of  the  digastric  is  reprešented  by  a  depressor 


(r)   THE  TRIGEMINAL  PALATAL  MUSCLE. 
I.  Tensor  Palati  (Fig.  509). 

Attachments. — The  tensor  palati  (tensor  veli  palatini)  takes  its  origin  from 

fce  scaphoid  fossa  and  spine  of  the  sphenoid  and  from  the  outer  surface  of  the  car- 

mlag^inous  portion  of  the  Eustachian  tube.     It  descends  along  the  outer  surface  of  the 

ternal  pterygoid  plate,  and,  becoming  tendinous,  bends  at  right  angles  around  the 

^miilus  and  is  continued  inward  to  be  inserted  into  the  posterior  border  of  the  palate 

ne  and  into  the  aponeurosis  of  the  soft  palate. 

Nerve-Supply. — By  fibres  from  the  mandibular  division  of  the  trigeminus, 
hich  traverse  the  otic  ganglion. 

Action. — It  tends  to  dra\v  the  soft  palate  to  one  side.     The  two  muscles  acting 
^zz)gether  will  stretch  the  soft  palate. 


{d)  THE  TRIGEMINAL  TVMPAMC  MUSCLE. 
I.  Tensor  Tympaxi  (Fig.  1252). 

Attachments. — The  tensor  tympani  is  a  small  bipenniform  muscle  which  Hes 
a  bony  canal  situated  above  the  Eustachian  tube.  Its  fibres  take  their  origin  from 
e  cartilaginous  portion  of  the  Eustachian  tube,  the  adjacent  portions  of  the  great  wing 
the  sphenoid,  and  also  to  a  certain  extent  from  the  walls  of  the  bony  canal.  The 
mpanic  end  of  the  Eustachian  tube  is  separated  from  the  opening  of  the  canal  for 
e  tensor  by  a  bony  ridge,  the  processus  cochleariformis,  over  which  the  tendon  of 
e  tensor  bends  almost  at  right  angles  and  passes  outward  across  the  tympanic 
vity  to  be  inserted  into  the  manubrium  mallei  near  its  attachment  to  the  head  of  the 
ne. 

Nerve-Supply. — By  fibres  from  the  mandibular  division  of  the  trigeminus, 
ich  traverse  the  otic  ganglion. 

Action. — The  muscle  draws  the  handle  of  the  malleus  inward  and  so  tenses 
J  membrana  tympani. 


II.     THE   FACIAL   MUSCLES. 

The  muscles  supplied  by  the  facial  nerve  are  readily  divisible  into  two  groups. 

imarily  this  musculature  is  associated  with  the  second  branchial  or  hyoid  arch, 

resented  in  the  adult  by  the  lesser  cornu  of  the  hvoid  bone,  the  stylo-hyoid  liga- 

nt,  styloid  process,  and  stapes,  and  a  small  group  of  muscles — the  stylo-hyoid,  the 

sterior  belly  of  the  digastric,  and  the  stapedius — are  stili  found  in  relation  to  these 

ctures.     From  the  surface  of  the  mass  from  \vhich  these  muscles  differentiate 

e  is  separated  at  an  early  stage  a  laver  which  gradually  increases  in  extent  and 

ntuaUy  covers  aH  the  neck  and  head  in  a  co\vl,  as  it  were,  its  progress  from  the 

-oid  arch  being  followed  by  a  branch  of  the  facial  ner\'e,  which  eventually,  with  the 

wth  of  the  muscle,  increases  to  such  an  cxtent  as  to  appear  to  be  the  main  stem 

The  nerve.     From  the  muscular  sheet  numerous  supcrficial  muscles  of  the  head 

neck  develop,  and  the  entire  group  so  formed  mav  be  termed,  from  one  of  its 

ncipal  members,  the  platysma  group,  the  group  rctaining  the  primary  relationships 

ming  the  hyoidean  group. 
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Chence'  over  the  head  and  neck.  At  first  they  are  confined  eiitirely  to  the  neck  region, 
Ibut  even  in  the  lower  mammals  the  extension  upon  the  head  has  begun,  and  in  the 
tligher  members  of  this  group  two  portions  can  b^  distinguished  in  the  muscle-sheet. 
The  more  superficial  of  these  is  situated  in  the  lateral  and  posterior  portions  of  the 
■neck,  and  extends  thence  upon  the  sides  of  the  face  and  over  the  vertex  of  the  skuU 
*o  the  orbita)  and  nasal  regions  of  the  face.  The  deeper  one  lies  more  anteriorly  in 
£he  neck,  and  extends  upward  over  the  jaw  to  the  regiun  around  the  mouth. 

In  the  higher  forms  a  differentiaiion  of  both  layers  to  form  a  numbcr  of  more 
or  less  separate  muscles  takes  plače  and  reaches  its  highest  development  in  man, 
-**hose  niobility  of  facial  e.\presaion  is  due  to  the  esistence  of  a  considerable  number 
^z»f  platysnia  muscles.  These  muscles  have  arisen  from  the  common  sheets  by  the 
y:>3rtial  conversion  of  these  inio  connective  tissue,  by  the  secondiiry  attachmcnt  of 
^Dortions  of  the  sheets  to  the  skeleton,  by  various  modifications  of  the  primary  direc- 
■^ion  of  the  fibres,  and  by  the  obliteration  of  certain  portions  of  the  sheet  found  in  the 

Kio.  49S. 


•  ^>wer  animals,  the  cen-ic;il  poriinn  of  the  decp  laver,  for  instance,  bcing  normallv 
■-^cking  in  man.  the  laver  beintr  re]>rescntcd  oniv  hy  tho  muscles  of  the  lips. 
^  The  platysma  musculaturc  is  rhar;icleri;:ed  for  the  most  part  by  the  pale  color  of 

» ts  fibres,  by  their  a^^rcsation  ti>  form  thin  kinds  or  sheets  usuallv  more  or  less  inter- 
*"^ingled  with  connective -tissue  strands.  so  that  their  marjrins  are,  as  a  rule,  ill-defined. 
■^*.nd  by  their  attachmcnt  in  Ireciiient  cases  to  the  intetiument.  These  peculiarities, 
"*:ogether  with  a  consideriihle  amount  of  varialion  \vhich  i)ccurs  in  the  differentiation  of 
"«:  he  various  muscles,  have  hronj;ht  ab->ut  not  a  litde  difiercnce  in  the  number  of  muscles 
*~ecognized  in  the  group  by  various  aulhnrities,  some  recognizing  as  distinct  muscles 
Xnhat  others  regard  as  morelv  more  or  less  aberrant  or  imusuallv  developed  slips. 

(a)   THK   MrSCI.KS  OF  THE   SrPRRFICIAI,   I.AVKR, 
I.     Pl.ATVSMA    (Figs.  498,   49q\ 

Attachments. — The  platvsma  takes  its  ori\'rn  fr<»]i  the  skin  and  suhcutaneous 
tissue  over  the  pectoralis  major  and  delloid  musck-s  on  a  line  extending  from  the  car- 
tilage  of  the  second  rib  to  the  tip  of  the  acromion  process.     Its  fibres  are  directed 
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upward  and  inward  and  are  inserted  into  the  body  of  the  mandible  from  the  syin- 
physis  to  the  insertion  of  the  masseter,  the  more  posterior  fibres  extending  upward 
upon  the  face  towards  the  angle  of  the  mouth  and  becoming  lost  partly  in  the  fascia 
of  the  cheeks  and  partly  among  the  muscles  of  the  lips. 

Nerve-Supply. — By  the  inframandibular  branch  of  the  facial  nerve. 

Action. — The  contraction  of  the  platysma  results  in  drawing  the  lower  lip 
downward  and  outward  and  at  the  same  time  raising  the  skin  of  the  neck  from 
the  underlying  parts.  It  is  one  of  the  most  important  muscles  employed  in  the 
expression  of  horror  and  intense  surprise.  It  does  not  seem  probable  that  the 
musde  has  much  effect  in  producing  depression  of  the  mandible,  an  action  which 
it  might  be  expccted  to  possess  on  account  of  its  upper  attachment. 

Relations. — The  platysma  rests  upon  the  deep  fascia  of  the  neck  and  covers 
ali  the  structures  at  the  front  and  sides  of  that  region.  Upon  its  deep  surface  lie  the 
external  jugular  vein,  the  superficial  lymph-nodes  of  the  neck,  and  the  superficial 
branches  of  the  cervical  plexus.  It  covers  also  the  sterno-mastoid  muscle  and  the 
depressors  of  the  hyoid  bone,  and,  above,  the  digJLstric  and  niylo-hyoid  muscles* 
together  with  the  submaxillary  gland  and  the  lo\ver  portion  of  the  parotid. 

VarUtions.— -Thcre  is  iisually  more  or  Icss  deciissation  of  the  lwo  muscles  across  the 
median  line,  especially  in  ihcir  iipi>er  parls,  uhere,  iiideed,  a  ct- rtain  amount  of  decussation  may 
be  considered  a  nomial  coiulition.  The  muscle  is  sul)jecl  to  considorable  amounts  of  variation 
in  its developmeiit,  somelimes  fomiinjf  a  ver>'  thin,  palc  layer  lar)cely  interspersed  uith  connective 
tissue,  and  at  other  limes  it  is  composed  of  stron^,  deeply  colored  bundles  uith  much  less  inter- 
mixture  of  connective  tissue.  Its  exlension  upon  the  face  mav  also  var}-  considerably.  some- 
times  being  traceable  :ls  hiji^h  up  as  the  zveoma  and  extending;  backward  to  behind  the  ear.  On 
the  other  hand,  it  niay  Ik.*  very  consideraDi>'  reduced  in  size,  especially  below,  a  complete  absence 
of  the  lowcr  half  of  the  muscle  having  been  obser\'ed. 

2.  Occipito-Frontalis  (Fig.  499). 

Attachments. — The  occipito-frontalis  ( m.  epicranius)  is  a  muscular  and  aponeu- 
rotic  sheet  which  covers  the  entire  vertex  of  the  skull  from  the  occipital  region  to  the 
root  of  the  noše.  It  consists  of  two  muscular  j>ortions,  one  of  which,  the  occipitalis^ 
arises  from  the  superior  nuchal  line  and  inseris  after  a  short  course  into  the  posterior 
border  of  the  epicranial  aponeurosis,  while  the  other,  the /roti  fa/ts,  taking  its  origin 
from  the  anterior  border  of  the  galea,  is  inserted  into  the  skin  in  the  neighborh€>od 
of  the  eyebrows,  over  the  glabella,  and  into  the  superciliary  arches,  a  portion  of  it 
being  frequently  prolonged  downward  upK)n  the  nasal  bone,  form  ing  what  has  betm 
termed  X\iQ pyramidaiis  naši  (m.  procenis),  which  is  frequently  described  as  a  distinct 
muscle. 

The  epicranial  aponeurosis  C^alca  aponeurotica)  (Fig.  499)  is  a  dense  a]x>neu- 
rotic  shc*et  which  covers  the  entire  vertex  of  the  cranium  and  is  prolonged  laterally 
over  the  temporal  fascia  as  a  thin  layer  which  extends  almost  to  the  z^'goma.  On 
its  superficial  surface  it  is  intimately  associated  with  the  integument,  bemg  united  to 
its  deeper  surface  by  a  thin  but  close  and  resistant  laver  of  fascia  which  represents 
the  superficial  fascia  of  other  regions  of  the  lx>dy  and  in  which  are  embedded  the 
vessels  and  ner\'es  «»f  the  scalp.  The  under  surface  of  the  galea  is,  however,  smooth, 
and  is  connected  \vith  the  periosteum  by  a  lax  laver  of  connective  tissue,  so  that  it  is 
capable  of  considerahle  movement  to  and  fro  ujx)n  the  f>eric)steum,  the  skin  being^ 
carried  with  it  in  such  movements.  A  section  through  the  scalp  at  the  vertex  would 
show  from  withc)ut  inward  (  i  )  the  skin,  (2)  the  dense  superficial  fascia  with  its  vessels 
and  ner\'es,  (3)  the  epicranial  ajKineurosis,  (4)  loose  connective  tissue,  and  (5) 
periosteum  (Fig.  504). 

Nervc-Supply.  -The  occipitalis  is  supplied  by  branches  from  the  posterior 
auricular  branch  of  the  facial,  the  frontalis  by  i>ranches  from  the  rami  temporales  of 
the  Siun«'  ni'r\'e. 

Action. — The  r)cripitalis  arting  alone  \vill  dra\v  back\varcl  the  galea  a(>oneurotica, 
whilf  the  frontalis  draws  it  foruard.  If.  hout-vrr.  the  galea  In-  fixecl  by  the  (Kxipitales, 
the  acti«>n  nf  the  frontalfs  is  tf)  raise  th«'  eyi*bro\vs  and  throvv  the  skin  of  the  forehead 
int<»  tranMViTse  \vrinkles,  l>oth  of  ihes<*  artions  In-ing  greally  incn^aseil  by  the  simul- 
tane« »us  contraction  of  both  the  occipitales  and  the  frontales.      It  is  consequently  the 
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mnsde  employed  in  the  expressioii  of  interrogation  and  surprise  and  aiso,  in  con- 
junction  with  tlie  platysma,  in  that  of  horror. 

The  trtmsvertus  nucha  is  a  thin  muscular  band,  frequently  present,  arisjng  from  the 
«7ccipital  protuberance  and  extendin^  lateraJly  to  lemiinate  in  varioiis  attachmenis  ;  sometimes, 
f  or  Instance,  uniting  with  the  postenor  border  of  the  sterno-cleidomastoid  or  with  the  auricu- 
f  aris  ptosterior.  It  may  take  its  origin  either  superficial  to  or  beneath  the  attachment  of  the 
«.  rapezius  to  the  superior  nuchal  line,  and  in  the  former  čase  is  lo  be  re^arded  as  a  portion  of  the 
yr*lat;^-sma  ^Toup  of  muscles,  uhjle  in  the  latter  it  is  moru  probably  a  relic  of  the  primary  con- 
C««etion  betvveen  the  trapezius  and  the  stemo^leidu-mastuid  and  belongs  to  that  group  of 
^'■nisrles  (pafte  501 ). 

3.    AURICULARIS    POSTERIOR    (Fig.  499). 

Attachments. — The  posierior  auricular  {rčlrahens  anrem')  is  composed  of  a  few 
■f::ytitidles  of  fibres  which  arise  from  the  oiiter  extrcmity  of  the  superior  nuchal  line  and 
^^>e  base  of  the  mastoid  process  antl  pass  horizontallv  (ontard  to  be  inserted  Inlo  the 
j::»*«terior  surface  of  the  concha.  It  is  frequently  imperfecily  separaied  from  the 
^;y*;cipitali3. 

Nerve-Supply. — By  the  posterior  auricular  branch  of  the  facial  ncrve. 

Action. — To  draw  the  auricle  backward. 


Fig.  499- 


■tor  supercilli 
lari*  palpcbnnim 


4.  AORUll.ARlS    SfPERlOR    (Fig.   499"). 

•^ttachments. — The  superior  auricular  [allo/lens  aurem)  is  a  triangular  muscie 

^-^  ^1  arises  from  the  latcral  portion  <>(  the  galea  aponenrotica  or  from  the  tempoial 

^^^^  »~i*  ^^*'  ^"'^  converges  to  be  inserlcd  iiito  tlie   iipper  part  of    the  cartila^e  of   the 

34erve-Supply. — Hy  fibres  from  the  rami  temporalc-s  of  the  facial  ner\e. 
-Action. — To  draw  the  aiiricle  upward. 

5.  AcRTCfi.ABis  .■Vnteriob  f Fig.  499"). 

«»*-».^  -^ttachments.— The  anteri.ir  auricular  (atirahnis  aiirem^  is  frequently  con- 

t^^^S^      ^^b^'"«  with  the  preceding  musclc,  Iving  inimedJati-lv  anterior  lo  it.      It  arises  from 
*"^  t  ^--^     ^  ^teral  part  nf  thi-  gah-a  ajioncurntica  or  from  the  tcinporal  f:i.>icia  and  is  inserted 
^■■"^ -^      ^         ihe  upper  antcrior  part  nf  the  auricular  cartilage  or  iiito  the  fascia  itnmediately 
*~ior  to  the  cartilage. 
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Nerve-Supply. — By  fibres  from  the  rami  temporales  of  the  facial  nerve. 
Action. — To  draw  the  auricle  upward  and  fon%'ard. 


6.  Orbicularis  Palpkbrarum  (Figs.  499,  500). 

The  orbicuiaris  j^alpebrarum  (m.  orbicularis  oculi)  is  an  elliptical  sheet  whose 
fibres  have  their  origin  in  the  neighborhood  of  the  inner  angle  of  the  eye  and  cur\'e 
thence,  some  up\vard  and  outward  and  some  downward  and  outward,  around  the 
rima  palpebralis  to  terminate  in  the  neighborhood  of  the  extemai  anj^le.  The  course 
of  the  fibres  Hes  partly  in  the  substance  of  the  uppcr  and  lower  eyelids  and  partly  over 
the  bones  surroundinj^  the  marj^in  of  the  orbit.  In  «iccordance  with  these  relations,  it 
is  customary  to  rejjard  the  muscle  as  consisting  of  t\vo  main  ix)rtions,  iha  pars  paipe- 
bralis  and  the  par  s  orbitalis. 

The  inteniai  pa/pebrai  ii^a/nent  {\\\!j!imQVitvim  palpcbrale  mediale).  Where  the 
fibres  of  the  orbicularis  arise  at  the  inner  anj^jle  of  the  eye  there  is  a  dense  band  of 
fibrous  tissue  \vhich  is  attached  at  one  e.\tremity  to  the  frontal  process  of  the  maxilla. 
Thence  it  is  directed  outuard  across  the  outer  surface  of  the  lachrymal  sac  and  bifur- 
cates  to  Vhi  inserted  into  the  inner  border  of  each  tarsiil  plate.  Just  before  its  bifur- 
cation  the  lij^ament  gives  off  from  its  posterior  surface  a  bundle  which  is  reflccted 

iinvard  over  the  lachrymal  sac  and 
passes  behind  this  to  be  attached  to  the 
crest  of  the  lachrymal  l)one. 

This  ligament.  \vhich  isalso  known 
as  the  tvndo  oculi,  mav  be  regardcd  as 
the  tendon  of  orij^in  of  the  fibres  of  the 
orbicularis  ocnli.  A  t  the  outer  angle 
of  the  eve  there  is  a  certain  amount  of 
decussalion  of  the  fibres  of  the  muscle 
to  form  a  raphe  palpebralis  lateralis, 
but  there  is  no  distinct  formation  of  a 


Fig.  500. 

Intenial  pal|»ehni1  IiKanicnt        Orhiiularis  iial|M'hraruni 
Tviisurtarsi       \  \       I  i»i»«.r  l:irs;il  plate 
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Kxtomal 
]>;iliiebral 
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^L<»ucr  tarsal 
platc 


V^rbioiilaris 
}ia)iK*brarum 

Orhiculari!«i»aliK*hrarum  has hi*en disscclitl from  ils dtrcpor 
turfacv  arui  rcnoctcil  iiiuaid  witli  cyelids, shimiiiK  laclirymal 
piirtiuti  ortciisiur  larsi. 


fibrous  band  comparable  to  the  inter- 
nal  ligament. 

Pars  Palpebralis. — The  palpe- 
bral  portion  of  the  muscle  arises  partlv 
from  the  internal  paljK^bral  ligament 
and  |)iirtly  from  the  crest  of  the  lachr\'mal  tone.  The  fibres  \vhich  take  origin  from 
the  lij^ament  arch  outvvard  in  the  upper  and  h)wer  evelids  to  tenninate  in  the  lateral 
jKilpebral  raphe,  forminjj  a  thin,  pale  sheet  in  the  subcutaneous  tissue  of  the  evelid. 
Its  marginal  fibres,  sometimes  more  or  less  distinct  from  the  others,  form  what  has 
lK*en  tt-rmcd  the /<ir^  riliaris  or  muscle  of  Riolan, 

The  fil)res  \vhich  arise  frnm  the  posterior  lachrvmal  crest  are  usu«illy  rejjarded  as 
forming  either  a  distinct  muscle,  \vhich  has  In-en  termed  the  ieusor  iarsi  or  Homer' s 
MNscle,  or  else  as  a  separate  part  of  the  orbicularis,  the  pars  lacrinmlis.  It  is 
directed  horizontallv  outuard  behind  the  lachrvmal  siic.  restinj^  uj>on  the  posterior 
surface  of  the  refiected  bundle  of  the  internal  palpebral  ligament.  Touards  its  outer 
end  it  bifurcates,  sendinj^  a  slip  to  each  evelid  partlv  t(»  be  inserted  into  the  tarsal 
plates  and  partlv  to  fiisr  \\  ith  the  rest  of  the  pars  palpebralis. 

Pars  Orbitalis. — The  orbital  jM>rtion  of  the  muscle  is  usuallv  of  a  deeper  color 
and  someuhat  thicker  than  the  palpebral,  and  the  fibres  touards  its  jKTipher}'  tend 
to  scatter  themselves  amoiij^  the  adjacent  |)latvsma  musdes  and  to  make  numerous 
connections  \vith  thes<'.  Some  bundles  from  the  lateral  and  lo\ver  |)artsof  the  muscle 
whirh  e.\tend  dounvvard  and  forvvard  upon  the  cheek  have  lK*en  rifjjarded  as  a  dis- 
tinct musch*.  the  malaris. 

The  main  nuiscle  arises  imm  the  internal  palpebral  lij^ament,  the  frontal  process 
of  the  m.!.\illa,  and  the  inner  portions  of  the  upper  and  lo\ver  marj>^ins  of  the  urbit. 
The  fil>re>.  arch  outuard  to  the  lateral  palpebral  raphe.  a  portion  of  those  arisingfrom 
the  nM\ilIa  insertim^  into  the  intej^iunent  of  the  evebrou'  and  forminji;  \vhat  has  becn 
termed  the  eorrua^alor  supercilii  (  FijLj.  4gt) ). 

Ncrve-Supply. — \\\  the  rami  tem[K>rales  and  zvj^omatici  of  the  facial  nerve. 
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Action. — To  draw  upuard  the  skin  of  the  chin,  thereliy  cuusin^  protrusion  of 
the  \owiiT  lip,  fis  in  puuting.  VVhvn  its  action  is  conihine«]  uitli  cuiitractioi)  uf  the 
depressors  <>(  the  an^lc-s  of  tlic  month,  it  gives  an  t.'X|>rL-ssiini  of  hauglitiness  or  con- 
tonipt,  and  has  thciice  bttn  toniit-d  tlio  /«.  sup,r6us.  WhL-n  sli^ht]y  coiilraclt-d,  it 
givcs  an  c^prt^sion  of  tirmntiis  or  ilooisioii. 

Helonging  to  the  superAcial  layer  of  the  platy!>ma  musciilature  are  a  numbcr  ol 
additiona!  more  or  less  ru(linientary  musjclvs  attached  at  btith  extremitics  to  \'arious 
parts  of  the  cartilafre  of  the  conchii.  These  niuscies  will  be  conaidercd  in  connection 
with  the  description  of  the  ear  (page  1499). 

(*)  THE  MUSCLES  OF  THE  DEEP  LAVER, 
I.  Orbicllaris  Oris  (Kigs.  499,  501,  503). 

Attachments. — The  orbicularis  oris  is  a  rather  stronfr  elhptical  muscle  whose 
fibres  occupy  the  thickness  of  both  the  up]x.'r  and  lower  lijis  l>etween  the  skin  and 
the  niucous  membrane  of  the  mouth.  Kor  the  most  part  the  fibres  composinu  the 
muscle  are  fonvard  prolongations  of  the  buccinator,  liut  min^led  with  these  there  are 
fibres  from  ali  tlie  iiiuscles  which  are  insertcd  in  the  ^■icinity  of  the  mouth,  such  as 
the  zygoniaticus,  le\'ator  aiiguli  oris,  levator  labii  siijKTiiiris,  dvpressor  anguli  oris, 
depressor  labii  iiiferioris,  and  risorius. 

It  possesses.  however,  sume  slight  attachment  to  sktletal  Btructurcs  by  three 
{rroups  of  fibres  which  have  fri'<iiiently  been  retiarci«!  ;ls  distinct  mtiscles.  These 
groups  are  1(1)  the  inrisiti  labii  sn/h-rioris,  a  series  ol  Imndles  of  fibres  uhich  arise 
from  the  inctsive  fi>ssie  <>f  the  ma.\illie  and  |»a,ss  downward  and  outward  to  mingle 
with  the  other  fibres  of  the  orbicularis  at  the  aiigles  of  the  mouth  ;  (2}  the  iafisiz-i 
labii  inferioris,  ivhich  arise  from  the  alveolar  border  'if  the  mandible  lx;neath  the 
canine  ti-eth  and  nnite  with  the  orbicularis  at  the  aii^hs  of  the  mouth  ;  and  (3)  the 
drpressor  sipti.  c<imi>osed  of  the  uprurrmost  ribres  of  the  orbicularis,  «hich  bend  iip- 
ward  from  i-ither  si<t(r  in  the  m(.-dian  line  and  are  inserted  into  the  margin  of  the  scptal 
cartilage  of  the  nosiv 

Nerve-Supply. — From  the  rami  buccales  and  sii[>ramandib)ilar  branch  of  the 
facial  nerve. 

Action. — The  main  action  of  the  orbicularis  oris  is  to  bring  the  lijis  together, 

closing  the  mouth,  and  if  its  action  be  continue<i.  it  will  [iress  theli|>sagainst  the  teeth. 

Its  more  i)(:ripheral  tibres,  aided  by 

Fio.  501,  the  incisive  bundles,  uill  tend  to  pro- 

trude  the  li|>s. 

2.   Nasai.is  (Fig.  501), 
Attachments.  — The     nasalis 

■"  \      ,,.,,  ,;,„  forms  a  thin  slieet  which  arises  from 

\'    .  1  iiijioTM iiar«     the  n)axilla  in  close  association  with 

the  incisive  bundles  of  the  upper  lip. 

The  inore  niedial  fibres,  the  pars  alaris 

( dcprfssor  ala  naši),  are  inseried  into 

the  alar  cartilage  of  the  noše,  whi1e 

rKpii        the  more  lutend  ones,  the  parstraBs- 

versa  {coniprfssor  Hariunt),  often  re- 

ceiving  slijis  from  the  adjacent  levator 

labii  st]|>erioris  al;eque  nas!  and  the 

le^'at(lr  anguli  oris,  extend  fomard 

over  the  ala  of  the  noše  to  terminale 

iip<m  its  dop«il  siirf;ice  in  a  thin  aponeurosis  which  unitcs  it  to  the  muscle  of  Uie 

c.pi)<.site  side. 

Nerve-Supply. — From  the  zygi>matir  anii  Iniccal  rami  of  the  facial  nerve. 
Action. — The  mon-  median  filires  <lniw  the  alar  carlilagi-  downM-ard  and  in- 
w;ml.  uhite  the  more  latend  ones  slightlv  depress  the  tip  of  the  noše  and  at  the  saoie 
tirne  com|ir<-ss  the  motril. 
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Variations. — Fibres  from  the  nasalis  sometimes  pass  upward  upon  the  nasal  bones  arid 
inay  enter  into  the  formation  of  the  p^ramidalis  naši  ( page  482).  Frequently  the  pars  alaris  and 
pars  transversa  are  recognized  as  distinct  muscles,  the  former  being  lermed  the  depressor  alcg 
itasi  or  myrti/orfniSy  whiTe  the  latter  is  named  the  compressor  narium.  Uncertain  and  at  best 
ieeble  muscular  slips  on  the  outer  margin  of  the  nostrils  are  sometimes  described  as  distuict 
muscles,  the  dilatares  naris  atUerior  etposteriar. 

3.  Levator  Labii  Superioris  (Fig.  499). 

Attachments. — The  elevator  of  the  upper  lip  (m.  levator  labii  superioris  pro- 
prius)  arises  above  from  the  infraorbital  margin  of  the  maxilla  and  extends  almost 
-verticaliy  downward  over  the  infraorbital  vessels  and  nerve  to  join  with  the  orbicu- 
laris  oris  and  also  to  be  inserted  into  the  skin  of  the  upper  lip  between  the  insertions 
of  the  levator  labii  superioris  alaeque  naši  and  the  levator  anguli  oris. 

Nervc-Supply. — From  the  zygomatic  branches  of  the  facial  nerve. 

Action. — To  raise  the  upper  lip.  Acting  in  conjunction  with  the  levator  labii 
superioris  alaeque  naši,  it  plays  an  important  part  in  the  expression  of  grief. 

4.  Levator  Anguli  Oris  (Figs.  499,  502). 

Attachments. — The  elevator  of  the  angle  of  the  mouth  (m.  caninus)  arises  from 
"»he  canine  fossa  of  the  maxilla  by  a  rather  broad  origin,  from  which  its  fibres  con- 
"^rerge  to  be  inserted  into  the  skin  at  the  angle  of  the  mouth,  partly  mingling  with  the 
of  the  depressor  anguli  oris. 

Ncrvc-Supply. — From  the  zygomatic  branches  of  the  facial  nerve. 

Action. — To  raise  the  angle  of  the  mouth. 

5.    RisoRius  (Fig.  499). 

Attachments. — The  risorius  is  a  triangular  sheet  of  muscle  which  arises  from 
he  outer  surface  of  the  parotido-masseteric  fascia  and  from  the  integument  of  the 
heek  and  passes  for\vard  towards  the  angle  of  tlie  mouth,  \vhere  it  unites  with  the 
epressor  anguli  and  orbicularis  oris. 

Ncrvc-Supply. — From  the  rami  buccales  of  the  facial  nerve. 

Action. — To  dravv  the  angle  of  the  mouth  outuard.  Its  contraction  imparts 
tense  and  strained  expression  to  the  face  vvhich  is  termed  the  risus  sardonicus. 

Variation. — The  risorius  is  frequently  ahsent,   and   may  be   represented  only  by  some 
ttered  muscular  bands.     Its  intimate  association  \vith  the  depressor  angeli  oris  indicates  its 
lerivation  from  that  muscle. 

6.   Depressor  Anguli  Oris  (Figs.  498,  499). 

Attachments. — The  depressor  of   the  angle  of  the  mouth   (m.  trian^laris) 
kes  its  origin  from  the  outer  suriace  of  the  body  of  the  mandible  and  from  the  skin 
nd  passes  upward  to  the  angle  of  the  mouth,  where  its  fibres  are  inserted  into  the 
3cin  and  also  mingle  with  those  of  the  caninus,  risorius,  and  orbicularis  oris. 
Nerve-Supply. — From  the  supramarginal  branch  of  the  facial  nerve. 
Action. — To  draw  the  angle  of  the  mouth  downward  and  slightly  outward, 
iving  an  expression  of  sorrow. 


Variations. — A  bundle  of  fibres  not  infrequently  arises  from  the  anterior  border  of  the 

epressor  angeli  oris  near  its  origin  and  passes  obliquely  downward  and  inward  lowards  the 

edian  line  beneath  the  chin,  either  losing  itself  in  the  superficial  fascia  of  that  rejnon  or  unitine 

th  its  fellow  of  the  opposite  side.      This  slip  has  been  reji^arded  .is  a  distinct  muscle  and 

^mned  the  transversus  menti.     It  seems  exceedinjj:ly  probabk*  that  both  this  bundle  and  the 

^Vsorius  are  derivatives  of  the  depressor.  and  this  muscle,  notuithstanding  its  |X)sition  super- 

^zial  to  both  the  depressor  labii  inferioris  and  the  platvsma.  is  really  a  portion  of  the  deeper 

yer  of  the  p]atysma  musculature,  its  present  position  having  been  acquired  by  a  migration  from 

region  oli  the  upper  lip. 
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7.   BucciNATOR    (Fij;.  502). 

Bucco-Pharyngeal  Pascia. — The  buccinator  alone  of  thc  platvama  group  of 
muscles  is  co^ered  by  a  dLstinct  layt;r  of  fuscia  which  fortns  the  antcnor  part  of  the 
fasda  buccopharjotiea  and  is  a  dense,  rc-sistant  sheet  o[  connective  tissue  intiinately 


( i.i[iii(>Uir  tiipctcilU 

lialp..  palfcbial  pait 


iidht-rent  to  tho  oiiter  siirface  n(  thc  inuscie.  Antoriorlv  thc  fascia  thins  oiit  to  disap- 
pear  in  thc  tissue  o(  thc  lips  :  alx)ve  it  is  attachcd  tit  ihe  alvcolar  portion  ol  th« 
inaxilla  aml  to  the  intcrnnl  plerj-jtoid  plate  o(  thc  sphenoid,  and  thence  is  contintied 

backviani  o\'er  the  stiperior  con- 

Fn:.  503.  strictor  nnisrlc  of  the  pharj-nx 

to  mctt  witli  its  fellow  of  the 

.  oppositc  sidc  behind  ihe  phar- 

ynx  ;  l)ciow  it  is  attached  to  ihe 

posterior  part  of  thc  niylo-hyoid 

rid^e  of  thc  iiiandible.     Along 

a  line  which  dcscends  vcrticallv 

from  tile  tip  of  the  hamulus  uf 

tile  sphenoid  to  thc  posterior 

ai.iraHKuiionp,     p^,r^.[njty    ^f    jhc    mylo-hyoid 

rid^e  of  tile  mandible  the  fascia 

is   ^'reatly   thickencd,  fonning 

..iii.iu.r  (Ju-   pifrfgo-maiidibular    liga- 

menf,  frain  which  fibres  of  the 

InicciiMtor  arise  anteriorty,while 

is..raii  uiLTi,      l^stcrioriv  it  gives  origin  to  a 

|M)rti<in  i>f  thc  stiperior  constric- 

"""«  tor  of  the  pharynx. 

Attachments. — The  buc- 
«lc  Iving  immcdiatelv  enterior  to  the  mucoua 
rifrin  is  hurseshoc-shapcd.  extending  above 
'  of  thc  maxilla  and  thence  upon  the  hairiulus 


i-inator  fornis  a  thick  (inadriLitcral  mi 
inciiil>ranc  of  thc  chet.-k.  Its  line  of  , 
Al.mK  thc  alvei.lar  bor.lcr  an<l  tiit>ir.Kiit 
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of  the  internal  pterygoid  plate  of  the  sphenoid.     It  then  descends  upon  the  anterior 

lx>rder  of  the  pterygo-mandibular  raphe,  whence  it  passes  foru'ard  along  the  body 

of  the  mandible,  above  the  mylo-hyoid  ridge,  as  far  as  the  premolar  teeth.     From 

this  extensive  origin  its  fibres  are  directed  forward  to  become  continuous  with  those 

of  the  orbicularis  oris,  also  inserting  to  a  certain  extent  into  the  integunient  of  the  Hps. 

Nerve-Supply. — From  the  buccal  branch  of  the  facial  nerve. 

Action. — The  buccinator  dra\vs  the  angle  of  the  niouth  laterally,  pressing  the 

lips  against  the  teeth.     When  the  cheeks  are  distended  the  niuscle  serves  to  com- 

press  the  contents  of  the  mouth,  and  plays  an  important  part  in  mastication  in  pre- 

'^renting  the  accumulation  of  the  food  betvveen  the  cheek  and  the  jaws»  forcing  it 

iDack  between  the  teeth. 

Relations. — Superficially  \vith  the  bucco-pharyngeal  fascia,  which  is  separated 
^rom  the  anterior  part  of  the  masscter  and  from  the  zygomaticus  and  risorius  by  an 
^xtensive  pad  of  fat, — the  buccal  fat-pad,  This  is  prolonged  backward  into  the  zygo- 
smatic  fossa  between  the  temporal  and  pterygoid  muscles,  and  is  traversed  by  the  facial 
"^/essels  and  the  buccal  branches  of  the  trigeminal  and  facial  nerves. 

The  buccinator  is  pierced  from  withoiit  in\vard  by  the  parotid  duct  and  by  the 
branch  of  the  trigeminal  nerve  on   its  way  towards  its  distribution  to  the 
ucous  membrane  of  the  cheek. 


RACTICAL  CONSIDERATIONS  :     MUSCLES  AND    FASCIA   OF    THE 

CRANIUM. 

The  Scalp. —  The  Occipito-Frontal  Region. — The  layers  of  the  scalp  from 
ithin  outward  are  : 

I.  The  pericraniutn — as  the  periosteum  covering  this  part  of  the  skuU  is 
rmed — closely  invests  the  underlving  hones  and  is  firmlv  attached  at  the  sutures 
rough  which,  so  long  as  these  remain  iinunited,  it  is  continuous  (intersutural  mem- 

)  with  the  outer  laycr  of  the  dura, — the  cndosteum  of  the  cranium.     A  similar 


Fig.  504. 
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of  frontal  section  of  liead  hardtne<i  in  formalin.  shouinR  layers  of  scalp.  skull,  and  meninges.    X  2J4. 

more  constant  continuity  exists  throu^h  the  foramina.     As  the  dura  is  the  chief 

rce  of  bIood-supply  of  the  cranial  hones,  they  rarelv  necrose  after  accidents  which 

ip  the  pericranium  from  their  surface  (page  237).       Subpericranial  effusions  of 

~od,  or  coUections  of   pus,  are  limited  and  oullined  hy  the  lines  of  the  sutures. 

ephalhaematomata"  in  this  situation  correspond  in  shape  to  that  of  one  bone ;  thev 

commonly  congenital,  constitutinj^  a  form  of  caput  succedaneum,  following  head 

^Ssentations,  and  are  then  apt  to  be  found  over  a  pariclal  bone.  since  that  region  is 

^texposed  to  pressure  chiring  child-I)irth.     Tillaux  suggesls  that  in  earlv  life  they 

y  be  encouraged  by  the  ^oftness  and  vascularity  of  the  cranial  bones  and  the 
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laxity  of  the  f>ericranium,  and  that  their  greater  frequency  in  male  children  inay 
depend  upon  the  largcr  size  of  the  head  in  thc  male  fcetus.  The  close  association  of 
the  bloody  enusion  with  the  pericranium — an  osteogenetic  membrane — sometimes 
resiilts  in  the  development  of  bone  at  the  periphery  of  the  suelling.  The  hard 
ridge  uhich  is  usiially  present  at  this  situation  may  give  rise,  through  contrast  wilh 
the  relatively  depressed  centre,  to  the  mistaken  diagnosis  of  fracture  of  the  skuU. 

Occasionally  a  collection  of  blood  beneath  the  pericranium  communicates  with 
the  diploic  sinuses,  \vhen  it  will  probably  be  situated  to  one  side  of  the  cranium  :  or 
\vith  the  siiperior  longitudinal  sinus,  when  it  \vill  be  in  the  mid-line.  No  traumatic 
history  may  be  obtainable.  The  svveliing  will  be  soft,  reducible,  of  varying  tension, 
and  may  receive  from  the  brain  a  feeble  pulsatile  impulse. 

The  importance  of  the  emissary  veins  in  transmitting  extracranial  infection  to 
the  venous  channels  of  the  dura  may  be  mentioned  here,  but  can  better  be  under- 
stood  after  the  venous  system  has  been  described  (page  876). 

2.  The  subaponeurotic  connective  tissue  between  the  pericranium  and  the  apo- 
neurosis  of  the  occipito-frontalis.  This  is  so  loose,  thin,  and  elasdc  that  the  union 
betueen  these  layers  is  not  a  close  one.  The  motion  of  the  ' *  scalp* *  upon  the  skuU 
is  a  motion  of  the  parts  above  upon  the  parts  beneath  this  layer.  Movable  growths 
will,  therefore,  be  found  to  occupy  the  former  region  and  immovable  swellings  will 
probably  have  deeper  attachments.  Effusions  of  blood,  suppuration,  or  infective 
cellulitis  occurring  in  the  subaponeurotic  space  may  extend  uidelv,  and  may  be 
limited  onlv  by  the  attachments  of  the  musculo-fibrous  layer.  They  may  reach,  there- 
fore, posteriorly  to  the  superior  curved  line  of  the  occipital  bone,  anteriorly  to  a  little 
above  the  eyel)ro\vs,  and  laterally  to  a  leve!  somevvhat  above  the  zygoma.  Exten- 
sive  ha*matomata  are  uncommon,  as  the  vessels  in  this  cellular  tissue  are  few  and 
small.  If  thev  are  large,  thev  suggest  fracture  of  the  skull  \vith  laceration  of  a  branch 
of  the  middle  meningeal  artery  or  of  a  venous  sinus.  They  may,  however,  by  reason 
of  a  hard  l)<)rder  and  soft  centre,  be  mistaken  for  depressed  fracture  when  the  skull 
itself  is  uninjured. 

Suppuration  and  cellulilis  are  often  serious  on  account  of  the  tendency  to  spread, 
the  possible  extensi()n  to  the  meninges,  and  the  difficultv  in  applying  antisepsis,  in 
securing  drainage,  or,  later,  in  obtaining  the  rest  necessiirv  for  rapid  healing.  In 
abscess  the  diffusion  of  tlu-  pus  is  favored  by  thc  densitv  and  the  vitality  of  the  super- 
jacent  lavers,  \vhich,  in  conscquence  of  the  former  property,  do  not  soften  and  permit 
pointing,  and,  because  of  the  latter,  do  not  slough  and  thus  give  exit  to  the  pus,  which 
therefore  may  extend  in  the  line  of  least  resistance, — i.c,  along  the  loose  subapo- 
neurotic layer.  Wounds  involving  either  the  muscle  or  its  aponeurosis,  if  transverse 
to  the  direction  of  their  fihres,  gape  widely.  Their  healing  will  be  hastened  by 
(inn  kindaging  of  the  whole  cranium  so  as  to  control  and  limit  the  movements  of 
the  .scalp. 

3.  The  occipito-frontalis  muscle  and  aponeurosis  ;  4,  the  superficiai fascia  ;  5, 
the  skin.  These  three  layers  are  so  intimately  blended  that  from  the  practical 
stand-point  they  may  l)e  considered  together.  The  thin  aponeurosis  is  tied  to  thc 
skin  (which  is  here  thicker  than  anywhere  else  in  the  body)  by  dense,  inelastic, 
peqH'ndicular  and  oblique  fihres  of  connective  tissue,  endosing  little  shot-likemasses 
of  fat.  This  area  is  very  vascular,  almost  ali  the  vessels  of  the  scalp  being  found  in 
it  adherent  to  the  cellular-tissue  walls  of  the  fat-containing  compartments.  As  a 
result  of  these  anatomical  conditions  it  is  found  that  ( i )  sup|>uration  is  ver)'  limited 
in  extent  ;  (2)  superficiai  infeclions  Csuch  as  erysipelatous  dermatitis)  are  accom- 
panie<]  by  but  little  swelling  ;  (3)  incised  wounds  do  not  gape  ;  (4)  lacerated  and 
contused  wounds  are  not  foUoued  by  sloughing,  \vhich  is  also  rare  as  a  result  of 
continuoiis  pressure,  as  from  bandages  ;  (5)  hemorrhage  after  wounds  is  abundant 
and  is  persistent  because  of  the  adherence  of  the  vessel-walls  to  the  subcutaneous 
laver  of  fa.scia,  uhich  prevents  l>oth  their  retraction  and  contraction  ;  (6)  collections 
of  blnod  after  contusions  mav.  like  the  deeper  ones  alreadv  described,  become  very 
firm  at  the  poripherv, — in  this  čase  from  an  exress  of  fibrinous  exudate  and  from 
the  i>resenre  u\  j^iirticles  r>f  displaced  fat, — \vhile  the  inelastic  fibres  of  cellular  tissue 
(from  among  \vhirh  the  fat  particles  have  been  driven  out  by  the  force  of  the  blow) 
remain  depressed  in  the  centre  ;  these  appearances  have  not  infrequently  led  to  a 
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imstaken  diagnosis  of  fracture  of  the  skull  ;  (7)  lipomata  are  rare,  as  in  the  only 
layer  in  which  fat  is  found  its  abnormal  growth  is  resisted  by  the  density  of  the 
surrounding  connective  tissue. 

Baldness  affects  especiallv  the  area  of  the  scalp  which  directly  overlies  the 
occipito-frontal  aponeurosis.  It  is  attributed  (Elliott)  Iargely  to  the  lack  of  muscular 
fibres  in  this  region,  so  that  the  skin  is  not  "  cxercised"  and  the  lymph-current  is 
■nade  to  depend  chiefly  on  gravity.  The  density  of  the  superficial  fascia  connecting 
€he  skin  and  the  aponeurosis  allies  it  with  that  of  the  palmar  and  plantar  regions,  in 
lx>th  of  which  similarly  dense  fascia  is  found  and  hair  is  absent. 

Dermoids  are  common  over  the  anterior  fontanelle  and  the  occipital  protuber- 
snce  because  the  early  contact  of  the  skin  and  dura  mater  continues  longest  in  these 
regions.  **Should  the  skin  be  imperfectly  separated,  or  a  portion  remain  persist- 
^ntly  adherent  to  the  dura  mater,  it  \vould  act  precisely  as  a  tumor  germ  and  give 
arise  to  a  dermoid  cyst"  (Sutton). 

Wens  are  also  common  on  account  of  the  presence  of  large  numbers  of  seba- 
<zeous  glands.  In  removing  such  gro\vths,  if  the  dissection  is  carried  close  to  the 
^»ac,  the  subaponeurotic  layer  \vill  not  be  opened  and  ali  danger,  even  in  čase  of 
infection,  will  be  minimized. 

So-called  * '  horns' '  are  found  here  with  relative  frequency  by  reason  of  the 
number  of  sebaceous  glands. 

Emphvsema  of  the  scalp  may  occur  as  a  complication  of  fractures  involving  the 
p:)harynx,  the  frontal  sinuses,  or  the  etlimoid  or  nasal  bones.  The  air  infiltrates 
^ither  the  subaponeurotic  or  subcutaneous  ccHular  tissue. 

Pneumatocele  of  the  frontal  region  is  verv  rare,  but  has  occurred  in  a  few  cases 
^^s  a  result  of  a  communication  between  the  nasal  cavitv  and  bony  defects  in  the 
^»nterior  vvall  of  the  frontal  sinuses.  The  swelling  is  soft,  elastic,  and  resonant,  and  is 
«made  more  tense  by  forced  expiration,  less  so  by  pressure.  The  entrance  and  escape 
f  air  may  be  heard  on  auscultation.      The  air  is  al\vays  beneath  the  pericranium. 

Syphilis,  tuberculosis,  carcinoma,  and  sarcoma  may  affect  the  scalp  primarily, 
nd  are  mentioned  in  the  order  of  frequency  of  occurrence. 
Cirsoid  aneurism  is  especiallv  frequent  upon  the  scalp. 

The  Temporal  Rcij^ion.  —  Here  the  skin  is  thinner  and  less  intimately  adherent 

the  subcutaneous  fascia  than  in  the  occipito-frontal    region  ;  that  fascia  also  is 

^:>me\vhat  less  closely  connected  to  the  aponeun^sis  beneath.      Hemorrhage  between 

Siese  layers  is  therefore  more  easily  controlled  by  the  usual  process  of  picking  up 

Tid  tying  the  vessel,  the  walls  of  which  will  be  found  freer  from  attachments  to  the 

undles  of  fascia. 

The  fascia  over  the  temporal  muscle  itself  is  of  such  strength  and  thickness  that 

bscesses  beneath  it  rarely  point  above  the  zygoma,  but  are  directed  into  the  pterygo- 

axillary  region  and  thence  into  the  pharynx  or  into  the  neck,  or  along  the  anterior 

niporal   muscular   fibres   to  the    coronoid    process   and    thence  into  the  mouth. 

bscesses  above  it  have  no  special  anatomical  peculiarities. 

The  fat  in  the  temporal  fossa  is  abundant,   and  is  found  in  the  subcutaneous 

cia,  between  the  two  layers  of  the  temporal  fascia,  and  directly  upon  the  muscle 

If.     The  disappearance  of  this  fat  in  diseases  attended  by  emaciation  causes  the 

aracteristic  unnatural  prominence  of  the  zygoma  and  apparent  deepening  of  the 

m]x>ral  fossae. 

The  temporal  muscle  should  be  considered  with  the  ptervgoids  in  their  relation 
fracture  of  the  ramus  and  coronoid  process  (pages  245,  493),  to  dislocation  of 
e  inferior  maxiUa  (pages  246,  493),  and  to  reseclion  of  that  lx)ne. 

The  pericranium  of  this  region  is  thinner  and  more  adherent  than  that  of  the 
ipito-frontal  region,   and  the  subpericranial  connective  tissue  is  absent  ;    hence 
bperiosteal  abscess  or  h^ematoma  is  practically  unkno\vn. 

The  region  may  be  invaded  by  tumors  originating  in  the  orbit  and  spreading 
3X>ugh  the  spheno-maxillary    fissure  or  through  the  thin  orbital    process  of  the 
lar  bone. 

Trephining  and  other  operations  in  this  region  are  so  closely  related  to  intra- 
nial  diseases  and  middle-ear  disease  that  they  will  be  considered  in  that  relation 
ge  1509). 
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The  Mastoid  Region. — For  the  same  rcasons  the  practica]  anatomy  of  the  soft 
parts  covL-ring  the  remaining  region  of  the  skull — the  mastoid — will  be  taken  up 
later  (page  1508). 

The  Pacc.  -The  skin  of  the  fordiead  and  cheeks  is  thin  and  vascular  and  the 
cellular  tissiii;  bencath  is  loose.  Therefore  wuunds  bleed  freely  but  unite  rapidljr ; 
sluughing  is  rare  ;  culIulitLs  tcn<ls  to  spreud  ;  ccdenia  is  common  ;  superiicial  infcctions 
(favored  by  the  con.stant  cxposure  of  the  region)  areattended  by  much  redness  and 
suelling  and  little  pairi ;  if  they  result  in  abscess,  it  is  not  apt  to  attaln  a  iarge  size, 
as  the  deUcacy  of  the  skin  permits  of  early  puinlin^.  On  the  other  hand.  necrotic 
proeesses  (as  in  cancrum  uriš)  once  estabhshed  in  the  liKise  telliilar  tisstie  and  fat  of 
the  cheeks,  run  a  rajjid  mvS.  destnictive  conrse,  and  mav  be  follovied  by  great  dis- 
ligiirement  and  by  limitatiun  of  the  motions  of  the  inferior  maxilla. 

Abscesses  l«;ne;ith  the  buccinator  aponeiirosis,  like  fatty  growths  in  the  same 
situation,  pruject  touards  the  ca\'il)'  of  the  nioiith  ;  they  should  b«  opened  thruu|;h 
the  mncous  membrane. 


\;r 
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Over  the  lotter  third  of  the  nnse  the  skin  is  closelv  adherent.  as  it  is  over  the 
chin.  ivhere  it  is  aiso  very  dense.  Infections  in  those  rejjions  are  therefore  exception- 
allv  painful  (page  246).  The  vascularitv  and  mobiIity  of  the  skin  of  the  forehead 
and  i>f  the  cheeks  make  it  esi)ecially  uselul  in  pUistic  operations  npon  the  region  ol 
the  ni)sv  and  month. 

<  )n  accoiint  i>f  the  rich  l)Ioo(l.supply,  mevi  are  common  on  ali  parts  of  the  £ac«, 
iis,  1iy  reason  of  the  luinKTous  sweat  and  selxicemis  glands,  are  acneiform  eruptions. 

i.npns  and  mahgnant  pnstnie  are  freqiient  and  jjrsivc  forms  of  local  infection  : 
riKhTi  nlrvr  leiiilhelioma)  is  rommnn  ;  while  on  the  forehead  the  ejirlv  s>-philitic 
roscnia  or  ]>a|uite  (rorona  venerisl  and  aliont  the  lips  and  noše  the  later  tubercular 
sy[>hili<le  are  ofti-n  seen. 

l.i|)omata,  in  spite  of  the  considerable  fpiantitv  of  fat  in  the  snbctitaneous  tissue, 
are  verj-  rare.     The  mitss  of  fat  bctween  the  buccinator  antl  inasseter   1 
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"  boule  de  Bichat,"  "sucking  cushion"— is  believed  to  receive  and  distribute  the 
increased  atmospheric  preasure  which  follows  the  establishment  of  a  partial  vacuum 
in  the  mouth  during  sucking.  It  thus  aids  in  preventing  the  buccinator  from  being 
camed  in  between  the  alveoli.  It  is  relatively  smaller  in  adults  than  in  infants  and 
in  the  tatter  does  not  much 

<liminish  in  size,  even  tn  the  Fig.  506. 

presence  of  emaciation,  when 

the  general  subcutaneous  fat 

lias       largely       disappeared 

<  Ranke).    Suttonsays,  "The 

fiucking   cushions  sometimes 

«;n]arge  in  adults  and  simulate 

»Tiore  serious  species  of   tu- 

mors,  and  it  is  curious  that  in 

^Kttne  of   the  recorded    cases 

t.  he  eniargement  has  been  as- 

^ociated  with  the  impaction  of 

.^  salivarv  calculus  in  the  duct 

<z>I  the  paroiid  gland." 

The  importance  of  avoid- 
««i|;  conspicuoua  scars  on  the 
f  .Eice  leads  the  surgeon  to  make 
!"■  is  incisions,  »henever  possi- 
fc^le,  either  in  or  paralk-l  »ith 
t  S^e  lines  of  the  nalural  (urrowH 
^  i^e  skin  itself,  or  in  the  shadow  of  1 
^^^j^  W  the  lower  edge  of  the  iiifcri;>r 
^-jB  -=^sociated  with  the  difliculty  in  ;* 
— -»  X  y.  cicatricial  o\'erj;rowth  and  1 
^^  :^    the  tace. 

In  fracture  of  the  inferior  mu^illa  the  irregnlaritv  in  the  horizontal  planeš  of  the 
^-^.-^-o  fragments  (_the  anterior  bein)^  the  lovver)  is  due  to  (« )  the  M-ei^ht  of  the  chin  and 

opposite  side  of    the  jaw  : 
Fig.  507.  (-*)   the  action  on  the  an- 

ATiiiuinr.inincnce  tcHor  fragmcnt  of  the  di- 

gastricand  oiher  depres.sor> 
of    tile  chin  ;    and  (r)  the 
"     elTect  of  the  posterior  fibres 
''      otthelemporal,  the  interna! 
ptervgoiii,  and  the  super- 
it-     licial  fibres  of  the  masaeler 
in  elevating    the    posterior 
fragment  (Fig.  505). 

In  fracture  of  the  ramiis 
there  is  little  displacement, 
as  the  bone  lies  between  the 
tMO  iniisciilar  planeš  of  the 
ma.s.seter  and  intcrnal  pterv-- 
goid    iind    is   splintud    by 
them.       In  fracture  of  the 
ncck    of    the    condvle    the 
upper    fragment    is    dravtn 
ijl     upuard  and  foruaril  by  the 
e.\ternal  pter\gi)id  :  the  re- 
mainder  of  the  jaw  is  some- 
Hele\ated  by  the  masscter,  temporal,  and  internal  pierygoid.     The  difficultv  in 
^  -     -    *roximation  o(  the  fragments  niay  resiilt  in  excess  of  callns.  »hieh  greadv  interferes 
^-^  the  3iibsequent  movements  of  ihe  tempi)ro-maxillary  artiailation. 

The  mechanism  of  dislocation  of  the  lower  javc  has  already  been  described  ( page 


L'  to  the  insertion  of  some  of  the  facial  muscies  into 
erhanging  parts,  .ls  beaeath  the  upper  brow 
.\illa.  Por  a  reason  not  understood,  but  possibly 
iring  rest,  conibined  wilh  the  large  \'ascular  sup- 
:-  kcloid  are  both  relatively  common  after  wounds 
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246),  but  can  now  be  better  understood.  It  should  be  remembered  that  the  muscles 
of  mastication  are  cxceptionall)'  irritable  and  are  ali  supplied  by  the  motor  branch  of 
the  mandibular  division  of  the  fifth  nerve.  When  the  mouth  is  opened  very  widely, 
as  in  yawninf(,  or  in  an  efiort  to  take  an  tinusually  large  bite,  the  deep  posterior  ver- 
tical  nbres  of  the  masseter  (which  are  the  only  ones  attached  to  the  ramus  and  aidin^ 
in  closing  the  mouth  that  du  not  run  fonvard  as  well  as  upward)  are  cairied  behind 
the  centre  of  motion,  so  that  their  contraction  tends  stili  further  to  open  the  mouth 
or  to  keep  it  open.  Reflex  contraction  from  overstretchin^j  is  excited  in  the  genera) 
group,  and  the  estemai  plcrygoid  acting  wiih  most  advantage  in  that  position, 
draw5  the  condyle  into  the  zygomatic  fossa,  where  it  is  held  by  the  masseter  and 
in  tem  al  pterygoid. 

■■  Noisy  movement"  of  the  tem  poro -maxillar>'  jijint  Js  often  due  to  ueakness  of 
the  muscics  of  mastication,  permitting  the  joint  siirfaces  to  fall  apart  as  the  result  of 
the  slight  k-ngthcning  of  the  ligaments  produced  in  timc  by  the  »eight  of  the  ja«-. 

Paralysis  and  s|>asm  of  the  lacial  and  masticaton-  muscles  will  be  considered  in 
relation  to  the  ner\'es  supplying  them  (pagcs  13^$.  1348). 

The  most  (requent  congenital  defect  of  the  muscies  of  the  face  is  in  connection 

uith  harelip,  in  which  deformitv 

Fio.  508,  the  iKiition  of   the   orbiculans 

oris  c<)rrcsponding  to  the  deft 

is  absent. 

IJermoids  are  not  infre- 
qiiently  Ummi  at  the  angles  of 
the  orbit,  in  the  chceks  near 
the  corner  of  the  mouth,  in  the 
naso-labial  furrous,  at  the  root 
of  ihe  noše,  and  in  the  mid-line 
of  the  chin.  Reference  to  the 
ombryologj-  of  the  face  will  shov 
thatthese  are  localities  in  which 
epiblastic  indusion  b  likely  to 
occur. 

Marked  congenital  as^tn- 
metry  of  the  (ace  may  occur 
from  failure  of  de\'elopmental 
proceases. 

Landmarks. — Just  withia 

the   mid-point  of  a  line  dravn 

from  the  niastoid  process  to  ihe 

external  uccipital  protuberance 

>'ith  the  great  occipital  nen-e,  it  entera  the  scalp 


'.  p»niy 
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ihe  occipital  artery  can  be  felt  a 
on  its  way  to  the  vertex. 

The  stiperficial  temporal  artcrj-  can  be  felt,  and  often  can  be  scen  where  it  nins 
o\er  the  biLse  of  the  zvgoma  in  front  of  the  ear.  Its  vein  and  the  auriculo-temporal 
ner\-e  are  just  behind  it.  The  divisii>n  of  the  artery  into  its  anterior  and  posterior 
brunches  takes  plače  about  5  cm.  (2  in. )  above  the  zygoma,  These  branches  are 
easilv  palpiible  on  the  finn  uiideriving  stnictnres,  and  thus  afford  testimony  35  to  the 
prcscnce  or  absence  of  arterial  degenenition.  In  old  persons  they  are  often  tortuous 
and  plainly  visible,  especially  the  anterior  branch  where  it  crosses  the  anterior  por- 
tion  of  the  temporal  miisile.      The  region  is  a  frequent  seat  of  cirsoid  aneurism. 

At  the  junctinn  of  the  middle  uith  (he  inner  tbird  of  the  supra-orbital  bnny 
mai^in  the  supra-orbital  notch  mav  be  felt.  From  this  point  the  supra-orbital  nerve 
and  art(Ty  [»a.ss  almost  dirtrtlv  iipu-ard.  cnissing  ihe  orbital  margin.  Betn'een  that 
point  and  the  root  of  the  noše  the  frontni  artery  and  supratrochlear  ner\e  ascend 
ard  the  frontal  vein  (U-scemls. 

The  movement  of  the  condvle  of  the  inferior  maxilla  up  to  the  summit  of  the 
emim-ntia  artinilaris  when  the  mouth  is  ojun  ami  the  external  pterygoid  contracts, 
:in<l  its  rctuin  into  the  gtcnoid  c:tvity  when  that  muscle  is  relaxed  and  the  mouth  ts 
closed,  can  ])lainly  Ik;  felt. 
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The  relation  of  niany  of  the  bony  points  to  the  overlying  soft  parts  has  been 
<lescribed  (page  246). 

The  shape  of  most  of  the  muscles  cannot  be  separately  distinguished.  Com- 
parison  of  a  skull  with  a  partially  dissected  head  will  show,  however,  that  over  the 
-vault  of  the  cranium  from  the  supra-orbital  ridges  to  the  nucha  the  general  shape  of 
xhe  skull  determines  the  surface  form  during  life,  the  flattened  muscles  and  aponeu- 
rosis  closely  conforming  to  it.  In  the  temporal  regions,  in  spite  of  the  deep  bony 
fossa,  the  triangular  muscle  and  the  accompanying  fat  (page  491)  make  the  surface 
in  vigorous,  well-nourished  persons  slightly  convex.  The  outlinesof  the  muscle  can 
seen  when  it  is  in  contraction,  especially  the  portion  anterior  to  the  hairy  scalp. 

On  the  face  the  characteristics  that  distinguish  the  individual  are  due  largely 
the  presence  of  muscles  and  of  subcutaneous  fat.  The  edge  of  the  orbit  and  the 
naso-frontal  junction  are  covered  and  given  rounded  outlines  by  the  orbicularis 
j3alpebrarum  and  the  pyramidalis  naši.  The  muscles  running  from  the  malar  bone 
2i.nd  maxilla  to  the  upper  lip  aid  the  buccinator  and  the  fat  of  the  cheek  in  filling  up 
^he  great  hollows  beneath  the  malar  prominences.  The  orbicularis  oris  gives  shape 
£B.nd  expression  to  the  mouth.  The  masseter  fills  out  the  posterior  [X)rtion  of  the 
crheek  and  becomes  visible  in  outline  when  in  firm  contraction,  especially  the  vertical 
anterior  border,  just  in  front  of  which  the  facial  artery  crosses  the  inferior  maxilla. 

As  nearly  ali  the  facial  muscles  have  fibres  of  insertion  into  the  facial  integument, 
t  lieir  influence  upon  expression  and  upon  the  creases  and  folds  that  become  perma- 
ent  as  **wrinkles,"  '*crows'  feet,"  etc. ,  is  apparent. 

III.    THE  VAGO-ACCESSORV   MUSCLES. 

The  muscles  supplied  by  the  glosso-pharyngeal,   vagus,  and  spinal  accessory 

erves  may  be  grouped  together  both  on  account  of  their  relations  in  the  adult  and 

account  of  the  intimate  relations  which  exist  betvveen  the  three  nerves.     The 

osso-pharyngeal  and  vagus  correspond  to  the  posterior  branchial  arches,  the  glosso- 

S~iaryngeal  to  that  represented  in  the  adult  by  the  greater  cornu  of  the  hyoid  bone 

d  the  vagus  to  those  represented  by  the  laryngeal  cartilages.     Consequently  we 

d  the  muscles  supplied  by  these  nerv^es  to  be  those  associated  with  the  pharynx 

d  larynx,   one  of  the  muscles  of  the  soft  palate,  the  levator  palati,   being  also 

cluded  in  the  group.     The  pharyngeal  muscles,  for  the  most  part,  are  supplied  from 

e  pharyngeal  plexus,  into  which  fibres  from  both  the  glosso-pharyngeal  and  vagus 

n'es  enter.     The  laryngeal  muscles,  hovvever,  are  supplied  by  branches  coming 

ctly  from  the  stem  of  the  vagus  nerve. 

The  spinal  accessory  nerve  stands  in  such  intimate  relations  with  the  vagus  that 

nucleus  of  origin  may  well  be  regarded  as  an  extension  of  that  of  the  vagus,  and 

the  union  of  a  portion  of  its  fibres  with  those  of  the  vagus  to  form  a  common 

nk  opportunity  is  afforded  for  its  fibres  to  participate  in   the  formation  of  the 

s^ngeal  plexus,  and  there  is  evidence  pointing  to  the  origin  of  the  fibres  of  the 

^erior  laryngeal  nerve,  which  supplies  the  majonty  of  the  laryngeal  muscles,  from 

spinal  accessory  nucleus. 

In  addition,  however,  to  its  participation  in  the  supplv  of  the  pharyngeal  and, 
ibly,  the  laryngeal  muscles,  the  spinal  accessory  also  inner\'ates  the  trapezius 
stemo-mastoid  muscles,  and  these,  on  account  of  their  relations,  must  constitute 
iibgroup  distinct  from  the  other  vagb-accessory  muscles. 

(a)  THE  MUSCLES  OF  THE   PALATR   AND  PHARYNX. 

1.  Stylo-phar}'ngeus.  5.  Palato-pharvngeus. 

2.  Levator  palati.  6.  Constrictor  pharvngis  superior. 

3.  Azygos  uvulae.  7.  Constrictor  pharvngis  medius. 

4.  Palato-glossus.  8.  Constrictor  pharvngis  inferior. 

I.    Stvlo-Pharvngeis  (Figs.  502,  509). 

Attachments. — Tlie  styl()-pharyngciis  ar/srs  from  ihe   inncr  surface  of    the 
oid  process  near  its  base.      It  is  directcd  do\vn\vard,  the  glosso-pharyngeal  nerve 
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covering  ita  outer  suriace,  passes  between  the  middle  and  superior  constrictors  of  the 
pharynx,  and.  being  joined  by  tibres  from  the  palatu-pharyngeu3,  is  ifuerted  into 
the  posterior  border  of  the  thyroid  cartilage  antl  the  posterior  wall  of  the  pharynx. 

Nerve-Supply. — Uy  a  bninch  uf  the  ^losso-pharyngea]  nerve. 

Action. — To  draw  upward  the  jmsterior  wall  of  the  pharynx  and  the  thyroid 
cartilage. 

2,    Levator  Pai.ati  (Fig.  509). 

Attachments. — The  ele\'atur  of  the  sofi  ))alate  ( m.  levator  veli  palatini)  arises 
from  the  under  surface  of  iho  apex  of  the  petrous  i><)rtion  of  the  teni[>oral  bone  and 
fruiii  the  cartilaginous  i)ortiun  uf  the  Eustachian  tube.     It  descends  obliquely  down- 


MncI«  ol  pili 


tuhinil ;  jihnrj-ni  lxM  nj 

LTS  the  substarie'.'  of  the  soft  palat«.  i 


ward  :iii<l  forw;inl,  ;ukI,  bniadrnint;  i 
(Ik-  ;i|«.iieuri.sis  <.f  whidi  it  is  insriifd. 

Nerve-Supply. — I-Vcm  tlu- i>h;irynne;il  |ilixiis  by  fibres  nhich  probably  have 
ihcir  orijrin  in  tbf  aiitcrinr  \y.\xx  uf  ih<-  mulins  ol  the  ^pinnl  accessory  nen*e. 

Action Tu  elevale  thr  M.ft  |)alati-. 

t.    A/v<;i''<  Tvi  i.,i:  fFig.  509"). 

4  iivtil.i'  (m.  iivulae).  m)  imrned  on  th«  suppoahioa 
■urisisis  "f  tw('  n:(rro\v  sliiw  uhich  ariu  m>in  tbc 


Attachments.— Th 
(hat  it  uas  :iii  impuirt-il  1 
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.^poneurosis  of  the  soft  palate  and  from  the  posterior  nasal  spine.  They  pass  back- 
Mrard  and  downward,  almost  parallel  with  each  other,  into  the  uvula  to  be  inseried 
anto  its  aponeurosis. 

Nerve-Supply. — From  the  pharyngeal  plexus. 

Action. — To  raise  the  uvula. 

4.    Palato-Glossus  (Fig.  1339). 

Attachments. — The  palato-glossus  (m.  glossopalatinus)  b  a  thin  sheetwhich 
rtses  from  the  under  surface  of  the  aponeurosis  of  the  soft  palate  and  descends  in 
he  anterior  pillar  of  the  fauces  (arcus  glossopalatinus)  to  be  inseried  into  the  sides 
the  tongue,  mingling  with  the  fibres  of  the  stylo-glossus. 

Nervc-Supply. — From  the  pharvngeal  plexus,  probably  by  fibres  from  the 
nterior  part  of  the  nucleus  of  the  spinal  accessory  nerve. 

Action. — To  raise  the  back  part  of  the  tongue  and  at  the  same  tirne  to  narrow 
iie  fauces  by  causing  an  approximation  of  the  anterior  pillars.  Acting  from  below, 
t:  will  depress  the  soft  palate. 

5.    Palatg-Pharvngeus  (Fig.  509). 

Attachments. — The  palato-pharyngeus  (m.  pharyngopalatinus)  arises  from  the 
eurosis  of  the  soft  palate,  from  the  posterior  border  of  the  hard  palate,  and  also 
the  lower  j>ortion  of  the  cartilage  of  the  Eustachian  tube.     It  passes  downward 
d    backward  in  the  posterior  pillar  of  the  fauces  (arcus  pharjngopalatinus),  interna! 
thie  superior  and  middle  constrictors  of  the  pharynx,  and  is  inserted  into  the  pos- 
ior  border  of  the  thyroid  cartilage  and  into  the  posterior  wall  of  the  pharynx. 
^"t  p>ortion  of  the  muscle  \vhich  arises  from  the  cartilage  of  the  Eustachian  tube  is 
regarded  as  a  distinct  muscle  \vhich  has  been  termed  the  salpingo-pharyngeus, 
Nerve-Supply. — From  flie  pharyngcal  plexus,  probably  by  fibres  from  the 
xnor  part  of  the  nucleus  of  the  spinal  accessory  ner\'e. 
Action. — It  draws  the  pharynx  and  thvroid  cartilage  upward  and  at  the  same 
approximates  the  two  posterior  pillars  of  the  fauces.     Acting  from  below,  it 
"-^  1     ^depress  the  soft  palate. 

6.    CoNSTRiCTOR  Pharvngis  Superior  (Figs.  5O1,  510). 

.Attachments. — The  superior  constrictor  of  the  pharynx  forms  a  thin  quadri- 

sheet  whose  origin  is  closely  associated  with  part  of  that  of  the  buccinator, 

being  usually  some  interchange  of  fibres  between  the  two  muscles.     It  arises 

the  lower  part  of    the  posterior  border  of    the  internal  pterygoid  plate  and 

its  hamulus,  from  the  posterior  border  of  the  pter>'go-mandibular  ligament,  and 

nce  continued  upon  the  internal  oblique  line  of  the  mandible,  the  mucous  mem- 

ne  of  the  mouth,  and  the  side  of  the  tongue.     The  uppermost  fibres  pass  in  a 

backward  and  upward  and  are  inserted  into  the  pharyngeal  tubercle  of  the 

ipital  bone,  while  the  remainder  unite  \vith  the  muscle  of  the  opposite  side  in  a 

^ian  raphe  on  the  posterior  wall  of  the  pharynx. 

Ncrve-Supply. — From  the  pharvngeal  plexus  by  fibres  which  probably  arise 
the  anterior  portion  of  the  nucleus  of  the  spinal  accessory  nerve. 
Action. — To  compress  the  pharynx. 

Relations. — Between  the  uppermost  fibres  of  the  muscle  and  the  base  of  the 

^11  is  an  interval  in  \vhich  mav  be  seen  the  levator  palati  and  the  Eustachian  tube. 

^s  interval  has  been  termed  the  sinus  of  Morgagni,  and  is  closed  by  a  sheet  of 

ective  tissue  termed  the  fascia  phar^n^obasilaris,  which  is  an  up\vard  prolonga- 

to  the  base  of  the  skull  of   the  pharyngeal  portion  of  the  bucco-pharyngeal 

ia(page488). 

Extemally  the  superior  constrictor  is  in  relation  above  \vith  the  internal  carotid 

ry,  the  vagus  nerve,  and  the  cervical  svnipathetic,  and  below  with  the  upper 

of  the  middle  constrictor  and  the  stylo-pharyngeus.      Internally  it  is  lined  by 

ous  membrane  throiighout  the  greater  part  of  its  extent,  being  in  relation,  how- 

,  with  the  tonsil  and  the  palato-pharvngeus  muscle. 

32 
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Variatloni. — A  considembk-  amount  of  iiulepeiulenct  n]ny  <.'xist  U;twe«n  the  bupdles  tif 
nbrts  comini;  Iroiil  diffcrent  jMirtions  of  the  line  of  origiii,  and  llic  musck-  hiis  C(>nse<iu<.-nt]y  been 
(Ifscribed  as  consislinK  of  vnriuiLS  jHirtions  to  »hich  the  terms  pifrygo-pkaryiigettS,  bmcfit- 
pharyHgeui^  mylo-pkttrynKeHS.  and  jfltnso-pharvngim  lirivc  ln-fii  a|>|>lk'd. 

'Not  infre<iuently  n  Inindlc  of  tihri.'S  is  tu  \k  foiind  arisiii):  from  the  basilar  )x»1iiin  <>f  the 
ucripital  bone  <ir  (.-ven  frum  Ihcinfi-riorsurfiict-of  th(-|H-tr»us  iHirlionof  theIeni|K>rali)rih(:Kplne' 
uf  the  sphettoid.  and  i>assinK  (lott'iiu'Hrd  to  Im;  instricd  alim^  u'iih  the  pharyn)^>-|)alatinu>i.  A 
biindle  which  passes  trcim  the  canilaj;inous  iiiirtioii  of  tlic  ]-:iistachlan  tube  to  L>e  inserted  wilh 
the  palati>'pharyngeus  hits  l>een  temn.tl  the  sa/fringo-pliarj/ngais. 


Miuck*  M  phar 


7.     Cl'XSTKIrTiiK    l')IAKV 

Attachments.— The  mici.lU'  .onfiri 
»hich  .trisrs  from  the  stvlo-h 
tilirt-s   ]Kihs   hackwarii   to  I«- 


Mi:i'iis  fKi^.  5io>. 
iMii^^irictor  of  the  |iharvi).\  is  a  fan-shaped  sheet 
i:aTii<'iit  uiul  linili  .-MMitia  of  the  hyoidboiie.     The 
'(./  into  the  phurvii^val  raphe,  the  uppcr  fibres 
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overlapping  the  lower  part  of  the  superior  constrictor  and  extending  in  some  cases 
almost  to  the  occipital  bone,  \vhile  the  lower  fibrcs  are  overlapped  by  the  inferior 
constrictor. 

Nerve-Supply. — Froni  the  phar>'ngeal  plexus,  probably  by  fibres  from  the 
anterior  portion  of  the  spinal  accessory  nucleus.  It  is  said  to  be  suppUed  also  by 
the  glosso-pharyngeal  nerve. 

Action. — To  compress  the  pharynx. 

Variations. — As  in  the  čase  of  the  superior  constrictor,  the  fibres  from  different  parts  of 
the  origin  may  have  considerable  independence.  Thus  the  fibrts  from  ihe  greater  comu  of  the 
hvoid  have  been  recog^ized  as  a  muscie,  the  ceraio-pharyngeus,  distinct  from  the  rcmainder,  to 
which  the  term  chondrO'pharyngeiis  has  been  applied. 

8.    Constrictor  Pharvngis  Inferior  (Figs.  501,  510). 

Attachments. — Like  the  middle  constrictor,  the  inferior  is  also  a  fan-shaped 

^heet  and  arises  from  the  outer  surface  of  the  thyroid  and  cricoid  cartilages  of  the 

iarynx.     The  fibres  radiate  backward  to  be  insertcd  into  the  pharyngeal  raphe,  the 

•«-jpper  ones  overlapping  the  lovver  part  of  the  middle  constrictor,  while  the  lower 

^r:>nes  mingle  with  the  musculature  of  the  cesophagus. 

Nervc-Supply. — From  the  pharyngeal  plexus,  probably  through  fibres  from 
C:'Iie  anterior  part  of  the  nucleus  of  the  spinal  accessory.      It  is  said  to  receive  also 
bres  from  the  vagus  through  both  the  superior  and  inferior  laryngeal  nerves. 

Action. — To  compress  the  pharynx.     The  three  constrictors  of  the  pharynx 

^Ly  important  parts  in  the  final  acts  of  deglutition,   forcing  the  food  towards  the 

phagus.     They  are  also  important  agents  in  producing  modulations  of  the  voice, 

iT^ore  the  pharynx  may  be  regarded  as  forming  a  resonator,  alterations  of  whoseform 

naturally  result  in  modifications  of  voice. 

Variations.— The  portions  of  the  muscie  arising  from  each  of  the  two  lar>'ngeal  cartilages 
be  more  or  less  distinct  and  have  been  termed  the  thyro-pharyngeus  and  cricchpharyngeus. 

(d)   THE   MUSCLES  OF  THE   LARVXX. 

The  muscles  of  the  larynx  \vill  be  considered  in  connection  \vith  the  description 
lat  organ  (page  1824). 

(r)   THE  TRAPEZIUS   MUSCLES. 
I.    Stemo-cleido-mastoideus.  2.    Trapezius. 

This  group  includes  but  t\vo  muscles,  the  trapezius  and  sterno-cleido-mastoid, 

h  extend  from  the  skull  to  the  pectoral  girdle.      Both  are  in  reality  compound 

<:les,  formed  by  the  fusion  of  fibres  derived  from  the  branchiomeres  supplied  by 

spinal  accessory  with  portions  of  the  mvotomes  supplied  by  the  second,  third, 

fourth  cervical  nerves.      Strictlv  speaking,  therefore,  thev  belong  only  partially 

«l_^^      —  ^^eseriesof  branchiomeric  muscles,  but  the  union  of  the  elements  derived  from 

^^      "^wo  sources  is  so  intimate  that  anv  attempt  to  distinguish  them  in  a  brief  descrip- 

of  the  muscles  \vould  tend  to  confusion. 


t:  1-1 


:m 


I.    STERNO-CLEino-MASTOiDErs  (Fig.  541). 

Attachments. — The  sterno-mastoid  is  attached  below  by  two  heads  to  the 

•^^^^'"^^um  and  the  clavicle.      The  sternal  hvad arises  hy  a  strong  roundcd  tendon  from 

^^'»^     ^^nterior  surface  of  the  manuhrium  sterni,  uhilr  \\\q  c/aricuiar  head  is  more  band- 

*     and   takes  oriQ;in  from   the   upper  surface  of  the  sternal   end  of  the  clavicle. 

^     two  heads  are  directed  up\vard  and  hack\var(l,  the  clavicuhir  head  graduallv 

=*ing  beneath  the  sternal  one,  and  the  t\v(^,  eventuallv  fusing,  are  insertcd  \n\.o  the 

1j*^*"^t:oid  process  of  the  temporal  i^one  and  into  the  outer  part  of  the  superior  nuchal 
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Nerve-Supply. — The  cxternal  branch  of  tlii.-  spinal  accessory  and  the  second 
and  third  cervical  iicrves. 

Action. — Tht;  twu  niusok-s  of  opposit«  sidvs,  actinj;  togethcr.  will  draw  ihe 
head  f(jrward,  thus  bending  the  nuck.  Acting  singly,  eacli  musck-  will  tend  tudniw 
tht  head  lowards  its  own  side  and  at  ihc  sanio  tirne  to  rotale  it  towards  the  opposite 
side. 

Relations. — Superticia]ly  the  muscie  is  covered  by  the  platysnia,  and  is  crossed 
ob]iquely  by  the  exteriial  juj^ular  vein  and  in  varyiiig  dircctions  l)y  llie  !iu[>erficial 
branchi-s  of   the  cervical   plexiis.      It  covers. 
Fkj.  5:1.  alx)ve,  the  »p]»er  pari  of  the  posterior  bellv  of 

the  digastric,  the  splenius  capitia,  the  levator 
>)Caj>uia.'  and  the  scaleiii,  and  betow  it  crosscs 
the  omo-hyoid  and  co\'er!i  the  lower  attach- 
nients  of  the  sterno-hyoid  and  sterno-thyroid. 
It  aiso  covers  the  co^mion  carotid  artery  and 
the  ]ower  {Kirltons  of  the  external  and  internal 
carotids,  the  facial  and  internal  jugular  veins, 
the  cervical  ple.\us.  and  the  lateral  lobe  of  the 
thyroid  jjland. 

Variations.—  Consklerable  variation  exLSts  in  the 
anioiini  of  fusion  ni  the  luo  heads,  their  complete 
distinclness  Mn^^  <A  so  freqiient  ocairrence  as  to  be 
reKardtrd  n»  nominl  by  <4<>me  aiUhon.  R)it.  in  ad- 
tlitiim  to  ihi-se  luo  iiurtionti,  the  muscie  presents  fre- 
(|iiently  n  se)>arali<in  into  other  parts.  and  oompara- 
ti\'c  anatumj-  revt^als  a  primar>'  cunstilutkin  at  the 
miiscle  from  al  least  five  distinct  poflions,  any  one 
or  niore  of  »liich  niay  appear  as  distinct  bundles 
('■""«■  5")-  These  |M>nu>ns  are  arranged  in  lwo 
layen>,  the  superficiat  one  consisting  of  a  tt^<r/Uia/ 
sierno-masimd,  a  slemo-oeeipital,  and  b  cltido- 
ocdpital  portion,  uliile  ihe  deep  one  is  formcd  by 
a  drep  slema-masfotd  and  a  cletdo-tnastoid  portion, 
the  names  a|iplied  indicatini;  the  altachments  of  the 
various  bundles. 

( >C('nslona]1y  the  1ower  portion  of  the  muscie 
■(niliarity  of  interesi  in  connection  with  the  fonnuion 
■ed  fnim  diderent  niyotonies. 

2.    Trapezius  (Figs.  512,  559). 

Attachments. — The  trapczius  is  the  must  superficial  muscie  upon  the  doraal 
surface  of  the  body,  and  is  a  trianguhir  sheet  whose  base  corresponds  with  ihe  mid- 
dorsal  lino.  The  t»-o  muscles  of  opposite  sides  bcing  ihus  placed  base  to  base,  iorm 
a  rhoml»oidal  sheet  which  covers  ihe  nape  nI  the  neck  an<!  the  upper  part  of  the  back 
and  shonUiers,  rescmbhng  8oniewhat  a  monk's  v.-ow'l.  »hence  the  name  cuntl/arii 
'  sometinies  applied  to  the  mnsrle. 

It  arises  aly>\-c  from  tlic  sii[>eri<)r  nuchal  bne  and  the  external  occipilal  pro- 
ItilKTance,  and  ihence  alon^;  ihe  ligamentiini  nucha-  and  the  spinous  processes  o( 
ihc  sevcnth  cervical  and  ali  the  thoracic  \ertebra',  t<)gether  wilh  the  supraspinous 
Uganients.  The  iipper  fihres  p.iss  do\inward  and  otitward,  the  niiddle  oncs  directiv 
oiituard,  and  the  1o\ht  oncs  npnurd  and  ontw-ard,  and  are  inserlcd,  the  iipper  onea 
into  the  oiiter  ihlrd  of  the  iKtslcrior  border  of  the  davicle,  the  middie  ones  into  the 
inner  l)order  and  iij>per  surface  nf  the  acrnniinn  procesa  and  the  iip|)er  liorder  of  the 
spine  i>f  the  scapula,  and  the  louer  ones  intn  a  tubercle  at  the  lxise  of  the  scnpular 
spine. 

Thnnij;hont  the  jf''<^f''  ['■^vi  of  its  Ivni^th  the  ori^jin  (i(  the  muscie  is  by  short 
lendinotis  tibres  interminuled  wilh  nuis<!e-tissne.  biit  fr'>m  alKiiit  the  niiddle  of  ihe 
liiratncntnin  nncha'  li>  the  spinoiis  processof  the  sicnnd  thoracic  vertebra  it  is  entirely 
tcnilinoiis.  I-urtherniore.  thn )iij,'hniit  the  njiper  half  ni  this  |>ortion  of  the  origin  the 
tendinoiii  fibn^s  ^nidiLdlv  increasi-  in  lenj-th  and  thrmi>rhi>iit  ils  lower  half  thev  aj^n 
dimininh,  so  ihut  there  is  forined  by  the  two  muscles  of  opposite  sides.  in  this  region. 


Quadrlcl|>ilal  Ivpe  nf  Mit\ 
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-.  rhomboidal  tendin« 


which  has  been  termcd  the  oval 


a  well-marked  oval  ( 
apotteurosis. 

In  their  course  to  their  inseriion  the  lower  fibres  pass  over  the  smooth  surface 
at  the  base  of  the  spine  of  the  scapula,  and  sometimes  a  bursa  mucosa  is  developed 
between  the  bone  and  the  musclc. 

Nerve-Supply. — From  the  external  branch  of  ihe  spinal  accessory  and  from 
the  third  and  fourth  cervkal  nerves. 

Action. — Acting  from  above,  the  upper  fibres  draw  upward  the  point  of  the 

shoulder,  while,  acting  from  below,  they  draw  the  head  backward.     The  middle  and 

lower  fibres  draw  the  scapula  towards  the 

p,o    JU  mid-dorsal    hne  and  at    the   same    tirne 

rolate  it  so  as  to  raise  the  point  of  the 

shoulder. 

VariationB. — Like  the  stemo-mastoid,  the 
trapezius  is  a  compound  miiscle  consisting  of 
three  distinct  portions.  That  portion  of  the 
muscie  which  itiseris  initi  the  tuberosityo(  the 


aiKl  ndjacvnl 


^Kf:-.£*piilar  spine  represents  what  is  lernied  in  the  lower  mammals  the  dorso-scapularis  inferior, 
^j^'f^ile  the  portion  wh{ch  inserts  into  tht  spine  and  acromion  process  represents  the  dorso-seap- 
Bir  r^-''"~f'r  mberior.  The  clavicnlar  |X)rtiun.'  <m  the  other  hand,  is  in  the  louer  forms  associated  with 
«1^^  cleiao-occipitalis  element  of  tlie  steniu-cleidu-niastoid,  and  may  thcrefore  be  lermed  the 
^-^^^'mdo-occipiiaiti  ctrvicalis. 

Indications  of  this  triple  constituliim  are  tu  Ih'  seen  in  a  more  or  tess  distinct  separation  of 
•-**^  clavicular  portion  of  Ihc  miiscIe  from  the  rest  and,  less  {rei|nently,  by  a  separation  of  the 
■^;**'er  from  the  middle  portinn  ( FiR.  513!.  Oci:asioniilly,  too.  biindles  pass  from  the  aiilerior 
F*"^«"«Jt;r  of  the  clavicular  {Hirlion  to  ioin  Ihi-  cleido-occipilalis  pc)rtion  of  the  stemo-cleido-masloid, 
•"«*»cr3tinR  the  coninion  oripn  of  ihe  two  nnisclirs.  \"ariations  like«isc  (K.-cnr  in  the  e.\It-n[  of 
*^^  Kpinal  attachmeiil  of  the  tra|>ei!ins,  ouinK  to  the  rediu-tion  of  oni  or  other  of  its  parts.  and  it 
'T***>'  ne  remarked  ihat  this  allachnu^nt  nsually  extends  lottcr  in  ihe  muscie  of  Ihc  righl  side 
«1»«^    in  that  of  thelett, 

_  Of  especiat  interesi  from  the  comp.^rativc  sland-jMiinl  is  ihe  occasional  i-.iisleiice  of  a  htindle 

^*  J* ^»»■es  wnieh  Uesl>enealh  thfcervi(.-al|H)rti(inof  the tra]x-)!iiis,  and  is  attached  Lil  one  extremity 
:  onter  end  of  the  clavicle  or  lo  Ihc  acromion  process  and  above  tollielransverseprocesses 
ne  of  the  upper  cervical  vertebr;e,  usnallv  the  atlas  and  axis.  It  is  ap|>arcnliy  ihe  equivalent 
s  omo-lransversariiis  of  tliu  lu« er  maniinals,  a  nmscle  »liich  is  cl(isely  associated  »lilh  the 
»ers  of  the  trape/iiis  si^onp. 
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Nerve-Supply. — The  external  branch  of  the  spinal  accessory  and  tlie  second 
and  third  cervical  tiL-rvcs. 

Action. — Tliu  two  muscies  of  opposite  sides,  actiii^;  togctlitr,  will  draw  ihe 
head  fonvard,  tlius  bendiiijj  the  iKck.  Acting  »iiigly,  eacli  musclt  will  tend  todraw 
the  head  tuwards  its  owii  ^de  and  ut  the  samo  tiiiie  to  rotate  it  tovvards  the  op{>Osite 
fiidc. 

Relattons. — Superliciaily  the  muscle  is  covered  by  the  platysnia,  and  is  crossed 
obUquely  by  tlie  exteriial  jugular  veiii  and  in  varyinj;  dircctions  by  the  superlicial 
branches  of    the  cervical   plexus.      It  covers. 
Fic.  511.  above,  the  iipper  part  of  the  posttrior  belly  of 

the  di^astrie,  the  splenius  cnpitis,  the  levator 
iicapulu;  and  the  seaicni,  and  below  it  crosses 
the  onio-hyoid  and  cu\'eri>  the  lower  attach- 
nients  <if  the  stemo-hyoid  and  !itemo-thyroid. 
It  aljio  covers  the  coijimon  carotid  artery  and 
the  lower  jiortions  of  the  external  and  interna) 
carolids,  Ihe  faciai  and  internal  jugular  veins, 
the  cer\'ical  plexu!>,  and  the  lateral  lobe  of  the 
thyroid  gland. 

VariationB.—  ConsidtrablevariationeKistiiinthe 
anioinit  of  fusiun  ni  the  two  heads  Ihcir  complete 
diiitiiictnesK  )K-'iiiK  of  so  fretjueni  occiitrence  as  to  bt 
reKiirdfd  ils  normal  by  some  aiithors.  Rut,  in  ad- 
dition  tli  tliese  tvvo  portions,  the  muscie  presenis  Ire- 
((iicntlv  a  Keparation  iiitu  uther  pans.  and  compara- 
ti\'e  anatomy  re\'eHls  a  primar^'  constitiition  of  the 
mnscIe  (rom  at  leasi  fi\e  distinct  purtions,  «ny  one 
ur  more  of  whic1i  niav  ap|>ear  as  distinct  bundles 
( FiR.  51 1 ).  Thest  [Kinions  are  atranged  in  In-o 
layers,  the  superficial  one  runsisting  of  a  a^trJSeia/ 
slerno-maslotd,  a  ilemo-ocripital,  and  a  cieido- 
orripital  |)ortion.  while  the  deep  one  is  fonned  by 
a  aetp  stemo-mastoid «nA  a  clndo-masloid  •p'^'"~ 

Occasioiially  the  low' 
Ls  traversed  by  a  tendinons  iniersvction,  a  peculiaritv  iif  Interesi  in  coni 
of  the  niiiscle  by  the  fiision  of  portions  derived  from  diflcrent  myolomes. 

2.    Trapezius  (Fitjs.  512,  559). 

Attachments. — The  trapezius  is  the  most  sujicriicial  muscie  upon  the  dorsal 
snrface  ol  the  body,  and  is  a  triangular  shect  whosc  biise  corresponds  with  the  mid- 
dorsal  line.  The  two  inuscies  nI  opjMsite  sides  l)einK  thus  placed  base  to  base.  (onti 
A  rhnmtmidal  sheet  which co\ers  the  na|>e  of  the  neck  and  the  upper  part  of  the  back 
and  shoulders.  rescinbling  soniewhat  a  nionk's  eowl,  uhcnce  the  name  cvcnllaris 
'  sotnetiines  applied  to  the  muscie. 

It  arisfs  almve  irom  the  siipcrior  nucha!  line  anti  the  extemal  occipjtal  pro- 
tul>erance,  and  thence  along  ihc  ligamentum  micha'  and  the  spinous  proccsscs  of 
theseventh  cervical  and  ali  the  thoracic  vertebr.f,  to^cther  with  the  supraspinous 
ligaments.  TIic  upper  fibri-s  pass  downwur<l  and  outwar<l,  the  middle  ones  directiv 
nutward.  and  the  limer  ones  upnard  and  outivard,  and  are  inseried.  the  upper  ones 
into  the  (luler  thinl  of  the  posterior  border  ol  the  clavicle,  the  middle  ones  into  the 
inner  l)OrdiT  and  iip|«-r  siirfaoe  ol  the  acromion  process  an<l  the  upper  Imrder  of  the 
spine  iif  the  Hca]>u]a,  and  the  loiver  ones  into  a  tubercic  at  the  base  of  the  scapular 
spine. 

'rhroiiffhout  the  greater  [uirt  nI  ils  h-ngth  the  origin  ol  the  niuscic  is  by  short 
lendindus  fibn-s  interniinglei!  viih  inuscli-tissue.  Init  from  abiiut  the  middle  o(  ihe 
li)>anii-ntum  nucha' to  the  s|nnous  jimcess  nf  the  s<Tr>n<l  thoracic  vertebra  it  is  entirelv 
ti-ndinnus.  Furlhcrniorc.  thrnuj;himl  the  upper  half  i)[  tliis  portion  of  the  origin  ihe 
tt-ndimnis  fihri^s  grailu.dlv  incre.ise  in  Icngth  and  throughout  its  lower  half  thcv  again 
<]iinini.-<h,  so  tliat  there  is  formetl  by  the  two  muscles  of  op[>osite  sides,  in  this  rcgion. 
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ft  well-marked  oval  or  rhomboidal  tendinous  area,  which  has  been  tcrmed  ihe  oval 

n  the  lower  fibres  pass  over  the  smooth  surface 
at  the  base  of  the  spine  of  the  scapula,  and  sometimes  a  bursa  mucosa  is  developed 
between  the  bone  and  the  muacle. 

Nerve-Supply. — From  the  external  branch  of  the  spinal  accessory  and  from 
the  third  and  fourth  cervical  nerves. 

Action. — Acting  from  above,  the  upper  fibres  draw  upward  the  point  of  the 

shoulder,  while,  acting  from  below,  the/  draw  the  head  backward.     The  middle  and 

lower  fibres  draw  the  scapala  toward3  the 

Pio    jij^  mid-dorsal    hne  and  at   the    same   tlme 

rotate  it  so  as  to  raise  the  point  of  the 

shoulder. 

Variation«. — I.Jkethestemo-mastoid,  the 
trapeziiLS  is  a  compouitd  miiscle  consisting  of 
three  disiinct  potlions.  That  portion  of  the 
muscie  vchich  inserts  intu  the  luberus:ty  of  the 


scapular  spine  represents  what  is  tcrmed  in  the  lower  mammals  the  dorso-scapularis  inferior, 
»■hile  the  portion  which  inserLs  into  the  spine  and  acromion  process  represents  Ihe  dorso-scafi- 
mlarii  suferior.  The  claviciilar  [Mirtionlonlhe  otherhand.  is  inthelo»erfontis  associated  ivith 
the  cleido-occipitalis  element  of  the  sterno-ck-ido-mastoid.  and  maj'  thtrefore  be  tenned  the 
cleido-otti^aiis  ctrvicalis. 

IndicationK  of  this  triple  constitutiiin  are  lo  be  seen  in  a  more  or  less  distinct  se|Mration  of 
the  clavicnlar  portion  uf  the  mnscic  from  the  rest  and.  less  fre(|iien{|y.  hy  a  »eparation  of  the 
lowerfrom  the  middle  portion  (Fi^.  513).  Occasicmallv.  t<K),  biindles  pass  from  the  anlcrior 
border  of  the  clavicular  [Kirtion  l<i  ioin  Ihe  cleido-occipitalis  (»ortion  o(  the  stemo-cleido-mastoid, 
indkatinK  the  common  iiriKin  of  tne  t\vo  ninsctes.  \'ariali(>ns  likeuise  occnr  in  Ihe  e\tent  of 
ihe  spinal  atlachment  uf  the  trapczius,  ouin);  tu  the  reduclioii of  oiit  or  other  uf  its  parLs.  and  it 
rnay  oe  reniarked  that  this  attachnient  iisnallv  exteniis  lou^i-r  in  the  muscie  of  the  rijjhl  side 
titan  in  that  of  the  left. 

Of  especial  interi-st  frcmi  thec<imparativestand-|x>int  is  the  occasional  existenceuf  a  tiundlc 
of  fibres  wliich  iies  heneath  ihe  cervical  ]W)rlion  of  the  tra|H'zills,  and  is  attached  at  one  extremity 
to  the  outer  end  of  the  clavicleor  to  ihe  acromion  process  and  above  tu  the  trans verse  processes 
of  someof  the  upper  cervical  v  ertelirje,  iisiuillv  the  atlas  and  a\is.  It  isapparently  theeguivalenl 
jf  the  omo-lransversarim  oi  the  lower  mammals,  a  muscie  «  hich  is  closely  associaled  wilh  the 
members  of  the  trape/ius  j,'roup. 
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THE  METAMERIC  MUSCLES. 


A.     THE   AXIAL   Ml'SCLES. 

As  has  been  pointcd  oiit.  ihe  liistorv  of  the  antirior  two  groups  of  myotomes, 
supplied  by  cranial  iicrvc-s.  diHcrs  somcwhat  fron]  tliat  of  the  remainin];  ones,  and 
it  is  conveniciit,  theroforu.  to  consider  the  muscles  derivcd  from  these  tnyotomes 
separately  frutn  the  res  t. 

I.    THE  ORBITAL  MUSCLES. 
r.   Le\'ator  palpebrK  superioris.   ,  4.   Rectus  inferior.     , 

2.  Rectus  superior.  -  5.   Rectus  externu9.  .- 

3.  Rectus  internus.  '-  6.  Obliquus  sui>erior.'. 

7.  ObUquus  inierior.  ■ 

The  most  anterior  of  the  pcrsistent  niyotomes  are  three  in  number,  supplied  by 
the  oculo-motor,  trochlear,  and  al>ducent  nerves.  They  glve  rise  to  the  muscles 
situated  in  the  orbit. 


I.    Levator  Pai-PKIir-«  Superioris  (Fig.  516). 

Attachments. — The  levator  palpebne  supcrioris  is  a  rathcr  slender  musde 
which  lies  in  the  greater  portion  of  its  course  in)niediately  beneath  the  periosteal 
lining  of  the  roof  of  the  orbit.     It  arises  at  the  back  of  the  orbit,  a  short  distance 

abo\e  tlic  upper  margin  of 
Fig.  514.  the  optic  foramcn,  and  is 

directed  forward.  broad- 
cning  as  it  goes,  to  be  in- 
seried  hy  a  broad  aponeu- 
rosis  principally  into  the 
upper  Ix)rder  of  the  tarsal 
piate  of  the  up|>er  eye- 
Jid,  the  uppennost  fibres 
iningling  somevhat  uith 
tliose  of  the  palpebral 
))orti(>n  of  the  orbicularis 
oculi. 
jue  The  a|>oneurosis  b\' 

which  the  levator  inserts 
,u^     into    the    tarsal    platc    IS 
larj;i-ly  coniposed  of  non- 
siriated  tnuscular  hbres. 
which  constitute  what  has 
been   terniL-d    the  orbito- 
palpebral  miiscle.      This 
>ri>    is    triangular   in    shape. 
with  llie  truncated  apex 
..ri.il  ■  lin  ii..r  ni      i""l<^'<l  t"  ibe  lcvati>r  and 
■i"i  '  uith    the    Uise  attached 

to  the  extenial  |)alpebral 
;iiid  the  tnternii]  |>nlpebral  ligamcnt. 


raphc,  the  t:irs;il  plate  of  the  nppi' 

Nerve-Supply.  — IVimi  Ihi-  iniii.)-ni'.ti>r  lu-rvi'. 

Action.— T<.  dr;i«  lin-  »[.[n-r  iy.!iil  ii[.w;.r<i  anil  backwar.l. 

Relations.— linnu-diatciv  almve  thi!  ]c\:iti>r  palpclirit-  siipi-rii iris.  l>etween  it  and 
ihe  pi'i'i"Mruii)  "i  tlu-  riii.t  nf  tho  orbit,  an-  thi,-  tniuliU-ar  anil  froiiial  nen-es  and  ihe 
siipra-i irbitat  vessd^      lifli>w  it  rests  upon  the  nuilia!  half  u\  the  rectus  suj>erior. 
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2.  Rectus  Superior  (Fig.  514). 

Attachments. — The  superior  rectus  arises  from  the  uppcr  portion  of  a  fibrous 
ring  termed  the  annulus  of  Zinn  (annulus  tcndineus  cunimuiiis),  which  iiurrounds  the 
optic  foramen  and  is  formed  by  a  thickenlng  of  tlic  orbital'periosteum  in  that  region. 
Thence  the  muscle  is  directed  forward  oier  the  eyeball  and  is  inserted  into  the 
sclera  a  little  abo\'e  the  upper  margin  of  the  cornea. 

Nerve-Supply. — From  the  oculo-motor  nL'r\-e. 

Action. — To  rotate  the  eyeball  so  that  the  pupil  is  direcled  upward  and  at  the 
same  time  somewhal  inward. 

3.  Rectus  Internus  (Fig.  514). 
Attachments.— The  interna)  rectus  (m,  rectus  mcdialis)  arises  from  the  inner 

portion  of  the  annulus  tendineus  communis  and  passes  forward  along  the  inner  »ali 
of  the  orbit  to  be  inseried  into  the  sclera  a  short  distance  behind  the  inner  margin  of 
ihe  cornea. 

Nerve-Supply. — From  the  oculo-motor  nerv-e. 

Action, — To  rotate  the  eyeball  so  that  the  pupil  is  directed  inward. 


Sptacno-nuiilbr)- 1« 


8j(hl  orbit  9«n  IroRi  before,  shoving  stumps  of  ocuUr  miiacln  aiiaihed  \o  cominon  lendlnou)  ring  of  origin. 

4.  Rectvs  Inferior  (Fig.  516). 

Attachments. — The  inferinr  rectus  arises  [rom  the  Iower  portion  of  the  com- 
mon  tendinous  ring,  its  line  of  origin  lx.'ing  continiious  uith  that  of  the  rectus  internus. 
tt  is  inserUd  into  the  sclera  a  shnrt  distance  t>elow  the  inferior  margin  of  the  cornea. 

Nerve-Supply. — From  the  oculo-motor  nene. 

Action. — To  rotate  the  eycball  so  that  the  pupil  is  directed  downward  and  at 
the  same  time  someuhat  inward. 

5.  Rkcti-s  ExTRRNi's  (Fig.  514). 

Attachments. — The  external  rectus  (m.  rectus  latcralis^  arises  by  two  heads, 
one  of  »'hich  is  attachcd  to  the  lower  and  outcr  portion  of  the  common  tendinous  ring 
and  to  the  spine  on  the  louer  l«>rtlcr  of  the  sphenoidal  fissiire,  and  the  other  to  the 
\ipper  and  outcr  part  of  the  common  tendinous  ring.  It  passes  along  the  outer  \vall 
of  the  orbit  and  is  inserted  inlo  the  sclera  ;» little  behind  the  outer  border  of  the  cornea. 

Nerve-Supply. — From  the  aliducens  or  sixth  ncr\e. 

Action. — To  rotate  the  evcball  so  that  the  piij>il  is  directed  outu.ird. 

Relations. — Het«een  the  two  heads  of  the  external  rectus  ihere  pass  the  oculo- 
motor,  nasal,  and  abduceiit  nerves  and  the  ophthahiiic  vcin. 
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6.    Obliquus  Superior  (Fifjs.  514,  516), 

Attachments. — The  superior  oblique  muscle  of  the  eyeball  arises  a  little  in 
front  of  the  inner  part  of  the  optic  forameii  and  passes  fonvard  alon^  the  upper  and 
inner  waH  of  tlie  orbit  to  terminatc  in  a  round  tendon  which  passes  through  a  ten- 
dinous  loop,  the  liocklea,  attached  to  the  fovea  trochiearis  of  the  frontal  lxine. 
Thence  it  is  reflected  outward,  downward,  and  backward,  and,  passing  beneath  the 
superior  rectus,  Is  uiserted  into  the  sclera  beneath  the  oulcr  margin  of  that  muscle 
and  at  about  the  eqiiator  of  the  eyeball. 

Nerve-Supply. — From  the  trochiearis  or  fourth  ner\'e. 

Action. — To  rotate  the  eyeball  so  that  the  pupil  is  directed  !nward  and 
downward. 

Fig.  516. 


t.evilor  palpcbis  auperforf; 


ippcr  lid  haji  been  putled 


7.    Obliqi)1's  Inkerior  (Fig.  516). 

Attachments. — The  inferior  obIique  muscle  arises  near  the  margin  of  the- 
orbit  from  a  small  depression  on  the  orbital  surface  of  the  maxilla.  It  is  directed  out- 
ward,  backward,  and  upward,  and.  passing  betwecn  the  inferior  rectus  and  the  Iloor 
of  the  orbit,  is  inserted  into  the  sclera  a  little  behind  the  equator  of  the  eyeball  and 
under  cover  of  the  extemal  rectus. 

Nerve-Supply. — From  the  oculo-motor  nerve. 

Action. — To  rotate  the  L-yol>all  s<)  that  ihc  pupil  is  directed  upvvard  and  outward. 

Fascisc  of  the  Orbit. — The  musclos,  ncrves,  and  vessels  of  the  orbit  are  em- 
fjeddcd  in  a  niass  of  loose  areolar  tissue  which,  abundantty  intermingled  with  a  soft 
fat,  completely  lills  the  orhital  cavity.  Around  the  \essels,  ner\es,  and  muscles  this 
areolar  tissue  condenses  to  fomi  their  shcHths.  and  a  spccial  condensation,  the 
eapsuk  of  Tenoii  (fascia  bulbi).  surronnds  the  posterior  four-fifths  of  the  cyeball. 
forming  a  sockct  lor  it.  The  inner  surface  of  this  capsule  is  smooth  and  is  united  to 
the  onter  snrfuce  of  the  sclera  oniv  by  la.«:  and  slender  t^inds  of  fibres  which  travcrse 
a  distinct  Ivmph-space  termed  the.t/arc  o/  Tenon  Cspatium  intcrfasciale),  which  jnter- 
vencs  lK'tween  the  eapsuk-  and  the  eveball,  thus  faciiitatinfj  the  movements  (rf  the 
huter  in  the  sockct.  Posteriorl/  the  capsule  is  continiious  with  the  sheath  of  the 
oplic  ntrve  and  untcrioriv  it  joins  \vith  the  conjunctiva  anterior  to  the  line  of  insertion 
of  the  ri'1-tiis  muscles  into  the  sclera.  The  tondims  of  the  rectus  muscles  conse- 
qnently  pt-rfuralt-  the  capsule,  which  is  prolongcd  backw;ird  upon  tlic  tendons  for  a 
short  <list.'inre,— in  the  casc  of  the  superior  ol>lique  as  far  as  the  trochlca. — nnd  then 
becomt.-s  ctmiinunus  with  the  areolar  sheaths  of  the  muscles  which  are  intimately 


THE  AXIAL   MUSCLES. 


505 


adherent  to  the  muscle-tissue  and  constitute  tlie  fascife  musculares.  These  fasctse  are 
somewhat  thicker  in  their  anterior  portions  than  more  posteriorly,  and  give  oR  pro- 
longations  to  neighboring  parts.  From  the  fascia  of  the  rectus  superior  a  prolonga- 
tion  passes  to  join  the  tendon  of  the  ievator  palpebrs  superioris,  and  onu-  from  the 
rectus  infcrior  passes  to  the  lower  border  of  the  tarsal  plate  of  the  lower  eyeUd,  these 
two  recti  thus  acquiring  a  certain  amount  of  action  upon  the  eyehds.  From  the 
lateral  surface  of  the  fascia  of  the  external  rectus  a  rather  strong  prolongation  is 
given  oR  which  attaches  to  the  orbital  surface  o(  the  zygomatic  bone,  fomiing  what 
has  been  termed  the  extenial  check  ligament  of  the  eyebali,  while  from  the  medial 
surface  of  the  fascia  of  the  internal  rectus  a  similar,  although  somewhat  laser,  prolon- 
gation passes  to  the  crest  o(  the  lachrymal  bone  and  the  reflected  portion  of  the 
internat  palpebral  Ugament. 

The  Movements  of  the  Eyeball. — The  four  rccli  muscies  of  the  eyebaU 
may  be  regarded  as  forming  a  cone  whose  apex  is  at  the  annulus  tendineus  communis 

Fig.  517- 


tKBRranimaUc  sajtiltal  secliori  IhiouKh  othil.  shoving  relalions  ol  iascia  10  muKl«,  r>TlHll,  bihI  orhital  »-»rr. 

and  the  base  al  the  insertions  of  the  muscles  into  the  sclera.  The  Hne  joining  the- 
insertions  of  the  muscies  is  not,  however,  a  circie,  but  rather  a  spiral,  the  insertion 
of  the  internal  rectus  bcing  nearest  t()  and  that  of  the  rectus  superior  farthest  from 
the  edge  of  the  cornea.  The  axis  of  the  cone  does  not  correspond  in  direction  with 
the  antero- poster ior  axis  of  the  i.-yebatl.  but,  owinji  to  the  divci^t-nce  of  the  a.ves  of 
the  two  orbiLs,  is  inclined  to  it  from  \vithin  oiitward  at  an  angle  of  alMiul  20°. 

It  follous  from  this  that  during  the  contraction  of  either  the  superior  or  infe- 
rior  rectus  the  a.\is  of  rotation  o(  the  eycball  wiU  not  coincide  with  iis  tr.insverse 
axis,  but  wiU  be  inclined  to  it  ( Fij^.  51S),  and  conBequently  the  action  of  either  of 
these  muscles  in  directin^  ihe  pupil  iipward  or  dovvnuard  vvill  Ik-  ciimplicaled  by  a 
cerlain  amount  of  oblique  moveinint,  in  the  one  čase  inward  and  in  the  other  čase 
outward.  In  ])r()ducing  purclv  upward  or  <inwn\vard  movemciits  of  ihe  pupil  the 
rectus  muscles  are  assnciated  »ith  the  oblkjue  ones,  the  coijrdinatiim  of  the  inferior 
oblique  with  the  sn])erior  rectus  jiriHlucin^;  a  purcly  ujnvaai  rotation,  uhile  that  of  the 
superior  obli(|iie  \vith  the  inffrior  rectus  proiluces  a  purely  downward  movement. 
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It  has  been  demonstrated  also  that  the  oblique  movements  of  the  eyeball  are  by 
no  means  clue  to  the  action  of  the  superior  and  inferior  oblique  muscles  acting  alone, 

but  that  in  every  such  movement  there  is 
a  coordination  of  two  of  the  recti  muscles 
vvith  one  of  the  obliques.  Thus,  in  rotations 
which  direct  the  pupil  upward  and  in\i'ard 
the  superior  and  internal  recti  cooperate  with 
the  inferior  obHque,  and  in  the  downward 
and  outward  movements  the  inferior  and 
external  recti  cooperate  with  the  superior 
oblique. 

A  purely  outward  or  inward  rotation 
can  be  produced  by  the  action  of  the  external 
or  internal  rectus,  as  the  čase  may  be.  But 
it  is  to  be  noted  that  the  movements  of  the 
eyeball  are  always  bilateral,  and  that  the  in- 
ward  rotation  of  the  one  eye  is  generally  as- 
sociated  with  the  outward  rotation  of  the 
other,  the  combined  movements  thus  re- 
quiring  the  cooperation  of  different  muscles. 
In  ali  movements  of  the  eyeballs  there 
is,  accordingly,  a  coordination  of  \'arious 
orbital  muscles,  and  \vhen  the  combined 
oblique  movements  are  performed  this  co- 
ordination becomes  somewhat  complicated. 
The  direction  of  both  pupils  upward  and  to 
the  right  requires  the  coordination  in  the 
right  eyc  of  the  inferior  oblique  and  the  su- 
perior and  external  recti  and  in  the  left  eye  of  the  inferior  oblique  and  the  sui>erior 
and  internal  recti. 


t        1 

DiaKTam  showin;( action  of  ucular  muscles.  S,  S^, 
Q%Q\*  sau^ttal  and  transversc  axcs  of  cyeball ;  di- 
rection of  puli  of  muscles  is  indicate<l  by  lines; 
dotted  lines  indicate  axes  around  which  superior 
and  inferior  recti  and  oblique  muscles  rotate  eve- 
hall ;  vertic^l  axis  (O)  correspoiids  to  axis  of  rota- 
tion of  internal  and  external  recti.     {Landois.) 


Variations.  But  fevv  variations  have  l)ecn  observed  in  the  orbital  muscles.  Absence 
of  the  levator  pal|K*!)ra;  superioris  has  l)een  noted,  and  a  slip  from  this  muscle,  termed  thtr 
tensor  trochlar^  sonietimes  passes  to  the  trochiea. 


II.   THE   HVPOGLOSSAL   MUSCLES. 


1 .  Genio-glossus. 

2.  Hvo-glossus. 


3.  Stvlo-glossus. 

4.  Lingualis. 


It  is  well  known  that  the  hvpoglossiil  nerve  represents  the  anterior  roots  of 
three  spinal  nerves  which  have  secondarily  been  taken  up  into  and  Consolidated  with 
the  cranial  region.  Corresponding  to  these  three  nerves  are  three  myotomes  which 
combine  to  give  rise  to  muscles  connected  with  the  tongue. 

I.  Genio-Glossus  (Fig.  1339). 
The  genio-glossus  is  described  with  the  tongue  (page  1578). 


2.   Hvo-Glossus  (Fig.  1339). 
The  hyo-glossus  is  described  with  the  tongue  (page  1578). 

Variations. — The  fi!)n-s  uhirh  arist-  froni  tht-  lesser  cornii  of  the  hyoid  bone  are  frequently 
separate  frnin  the  rest  of  the  miisele  and  havt-  !)een  cles(:ri!x'd  ils  the  chondra-glossus^  and  the 
fihres  arisinj;  troni  the  IkkIv  of  tlu-  hvoid  art-  fre(|iiently  separated  by  a  distinct  inter\*al  fn>m 
ihosf  arisin;^  froni  the  jjreatcr  conui.  the  fonner  ronstitutrn^::  a  nuiscle  which  has  been  termed 
the  hasin-js^lossus  and  the  lattcr  tht-  tt-fafn-i^/ossns.  A  hnndh-  of  fi!)rtrs,  forming:  what  has  been 
tf-mifcl  \hv  ffifitro-ir/ossiis,  sonietimes  ariscs  fmni  the  rartila^jo  triticea,  situated  in  the  lateml 
hvo-ihyn>i(l  huanunl.  and  passes  upuard  and  foruard  to  insert  alon^  uith  the  posterior  fihres 
of  l!ie  hyo->;h>ssiis. 
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3.  Stvlo-Glossus  (Fig.  1339). 
The  stylo-glossus  is  described  with  the  tongue  (page  1579). 

Variations. — ^The  sty)o^lossiis  is  occasionally  absent,  and  may  in  such  cases  be  replaced 
by  a  myiO'£^lossuSy  which  arLses  from  the  inner  suiiace  of  the  angle  of  the  mandible  or  from  the 
stvlo-mandibalar  ligament  and  is  inserted  into  the  sides  and  under  surface  of  the  tongue. 
Tnis  muscle  is  usuallv  present  in  the  form  of  some  small  bundles  of  fibres  havinsr  the  attach- 
roems  described. 

4.    LiNGUALIS  (Fig.    1340). 

The  lingualis  is  described  with  the  tongue  (page  1579). 

III.    THE  TRUNK  MUSCLES. 

THE  DORSAL  MUSCLES. 

In  en[iploying  the  term  dorsal  to  indicate  a  group  of  muscles  it  must  be  clearly 
understood  that  the  group  does  not  include  ali  the  muscles  which,  in  the  adult  con- 
dition,  are  found  upon  the  dorsal  surface  of  the  body.  The  term,  so  far  as  it  has 
a  topographic  significance,  refers  to  a  phylogenetic  stage  in  which  the  muscles  it  is 
intended  to  designate  were  the  only  dorsal  muscles,  and,  as  here  employed,  it  indi- 
cates  only  those  muscles  which  are  derived  from  the  dorsal  portions  of  the  embryonic 
inyotomes  and  are  supplied  by  the  posterior  divisions  (dorsal  rami)  of  the  spinal 
nerves. 

An  examination  of  the  muscles  of  the  back  readily  shows  that  they  consist  of 
two  distinct  sets.  There  is  a  superficial  sei,  consisting  of  broad  and  flat  muscles, 
which  are,  with  few  exceptions,  attached  to  the  skeleton  of  the  fore-limb,  and  a 
deeper  sety  consisting  of  elongated  and  relatively  thick  muscles,  whose  attachments 
are  confined  to  portions  of  the  axial  skeleton.  The  muscles  of  the  former  set,  which 
may  conveniently  be  designated  the  spino-hiimeral  muscles,  are  ali  supplied  by 
branches  from  the  ventral  rami  of  the  spinal  nerves  ;  they  ha  ve  reached  their 
present  (>osition,  in  which  they  almost  completely  cover  in  the  true  dorsal  muscles, 
by  a  secondary  migration  from  the  more  ventral  portions  of  the  trunk,  and  prop- 
erly  belong  to  the  system  of  limb  muscles,  in  connection  with  which  they  will  be 
described. 

The  true  axial  dorsal  muscles  are  ali  included  in  the  deeper  set.  Viewed  from 
the  surface,  they  appear  to  form  elongated  columns  of  muscle-tissue,  extending  con- 
tinuously,  more  or  less  parallel  with  the  spinal  column,  over  considerable  stretches 
crf  the  back  ;  but  when  the  more  sui>erficial  portions  of  the  columns  are  removed,  it 
will  be  seen  that  the  deeper  portions  are  associated  with  the  individual  vertebrae, 
their  fibres  possessing  a  more  or  less  distinct  segmental  arrangement.  The  columns, 
indeed,  are  to  be  regarded  as  formed  by  the  fusion  of  a  number  of  orig^nally  inde- 
pendent  muscle-segments,  derived  from  the  dorsal  portions  of  a  corresponding 
number  of  myotomes,  a  mode  of  formation  also  indicated  by  the  fact  that  the 
columns  are  supplied  by  nerves  from  a  greater  or  less  number  of  successive  spinal 
nerves,  from  just  as  many,  indeed,  as  there  are  myotomes  entering  into  their 
composition. 

Comparative  anatomy  demonstrates  that  the  dorsal  musculature  mav,  further- 
more,  be  regarded  as  consisting  of  t\vo  parallel  portions  or  tracts,  a  median  and  a 
lateral.  The  former  portion,  which  includes  the  majority  of  the  dorsal  muscles,  is 
composed  of  those  muscles  \vhich  fundamentally  arise  from  the  transverse  processes 
of  the  vertebra*  and  are  inserted  into  the  spinous  processes,  and  mav  therefore  be 
termed  the  franszrrso-s/>/mj/  portion  ;  while  the  more  lateral  tract  consists  of  mus- 
cles which,  taking  their  origin  primarilv  from  the  transverse  processes,  are  inserted 
into  the  ribs  or  their  homologues,  and  mav  accordinglv  be  termed  the  transz^erso- 
costal  portion.  A  certain  amount  of  overlapping  of  the  median  tract  by  the  lateral 
one  occurs  in  man  ;  indeed,  in  the  lumbar  region  the  two  tracts  fuse  to  a  certain 
extent  to  form  the  sacro-spinalis  ;  but  throughout  the  thoracic  and  cer\'ical  regions 
thcy  are  fairly  distinct 
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The  deep  fascia  of  the  back  invests  ali  the  muscles  of  the  dorsal  group, 
geparadng  ihem  from  the  spino-humeral  ^roup.  Above,  the  fuscia  is  not  especially 
stron^,  and  in  the  cervical  and  upper  thoracic  regions  forms  what  is  tcrmed  the 
fascia  nuctaa:,  which  lies  beneath  the  trapezlus  and  rhoinboid  muscles.  In  the  lower 
thoracic  and  lumbar  regions,  however,  the  fascia  becomes  considerably  thickened, 
especially  that  portion  which  invests  the  »acro-spinalis  {veriebral  aponeurosis) .  form- 
ing  a  strong  rhomboidal  sheet  cxtending  from  about  the  leve)  of  the  sixth  thoracic 
vertebra  to  the  tip  of  the  sacrum,  its  anterior  borders  giving  attachment  to  various 
muscles,  while  the  posterior  ones  are  attached  to  the  posterior  portiona  of  the  iliac 

crests,  where  it  becomes  cofitin- 
FiG.  5ig,  uous  with  the  fascia  lata  covering 

the  gluteal  muscles. 

This  dense  layer  is  tenned 
the  fascia  lumbo-dorsalb  (Fig. 
559),  and  is  generallv  r^arded 
as  consisting  of  two  lateral  por- 
tions  which  are  practicallv  united 
in  the  mid-dorsal  line  Dy  their 
common  attachment  to  the  spi- 
nous  processea  of  the  vertebrae 
and  the  supraspinous  ligaments. 
Each  of  these  lateral  portiona  is 
again  considered  as  consisting 
of   two   layer3  which    together 

invest   the  sacro-spinalis  (Fig. 

519),  the  posterior  layer  bcing 
that  which  has  already  been  described,  while  the  anterior  layer  is  attached  medially 
to  the  tips  of  the  transverse  processes  of  the  lunibar  vertebra;.  above  to  the  lawer 
border  of  the  twelftli  rib,  and  below  to  the  crest  of  the  ilium.  It  passes  outward 
beneath  the  sacro-spinal!s,  separaiing  it  from  the  quadratiis  lumbonim,  and  at  the 
outer  border  of  the  former  muscle  it  fuses  with  the  posterior  layer  to  form  a  strong 
aponeurotic  band,  from  which  the  latissimus  dorsi  and  the  intemal  oblique  and  trans- 
verse abdominal  muscles  take  partial  origin,  and  which  is  continued  ventTally  over 
the  inner  surface  of  the  transversus  abdominia  as  ihe/ascia  transversaiis. 


*nd  relaliotn  nf  lumbo-dorul  faicU 


(ni    THE  TRANSVERSO^OSTAL  TRACT. 


I.  Sacro-spinalis. 
3.   Ilio-costalis. 


3.  Longissimus. 

4.  Splenius. 


I.    Sacro-Spinai.is  (Fig.  520). 

Attachments. — The  sacro-spinalis,  sometimes  termeil  the  eredor  spina,  forms 
a  large  muscular  mass  occupying  the  lumbar  portion  of  the  \crtebral  groove.  ll 
takes  its  origin  from  the  under  surface  of  the  lumbo-dnr^al  fascia,  the  crest  of 
the  ilium,  the  j>osterior  svirface  of  the  sacnnn,  and  the  spiites  of  the  lumbar  v«- 
tibru-.  Antt.'riorly  it  diiides  into  three  separate  muscles,  two  of  uhich,  the  ilio- 
costalis  and  the  longissimus,  belong  to  the  transverso-costal  group,  while  the  ihird, 
the  spinalis.  is  a  membcr  of  the  transvcrso-spinal  series. 

Nerve-Supply. — The  iKisterior  di^isions  of  the  lumbar  ncr\es. 


2.    Ii.Ki-OiSTAi.is  (  Fifj.  520), 


Attachments. — The  ilio-i-ostalis,  aiso 
lateral  of  the  three  muscles  into  which  the  s 
continuatitm  of  the  jiortiori  of  that  nuisclc  v 
Thi;  niusile  is  cuntinui-d  upwar(l  in  tlie  v<Tt 
iingks  fif  the  ribs  as  far  as  the  fimrlh  cerv 
sions  from  tlie  rilfs  as  it  passes  over  them. 


termed  the  saao-lumbalis,  is  the  most 
icro-spinalis  divides,  and  is  ihe  forward 
liich  arises  from  the  crest  o(  the  ilium. 
;bral  groiive  inimediately  internat  to  the 
ical  verti-bra,  receiving,  however.  acccs- 
The  fibres  which  arise  from  the  iliac 
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crest  are  mainly  inserted  into  the  lo\vcr  six  or  seven  ribs,  and  form  what  is  termcd  thc 
iliO'COstalis  lumbonim.  With  the  remainder  of  the  iliac  fibres  bundles  arising  froni 
the  lower  ^\^,  six,  or  seven  ribs  associate  themselves  to  form  the  ilio-costalis  dorsL 
also  termcd  the  accessorius,  which  inserts  into  the  upper  ^\^  or  six  ribs  ;  and,  iinallv, 
the  uppermost  portion  of  the  muscle,  the  ilio-costalis  ccr\icisor  ccrvicalis ascaidcns^  is 
fornied  by  the  union  of  bundles  arising  from  the  upper  six  or  seven  ribs,  and  is  in- 
serted into  the  posterior  tubercles  of  the  transverse  processes  of  the  fourth,  fifth,  and 
sixth  cervical  vertebne. 

Nerve-Supply. — From  the  posterior  divisions  of  the  spinal  ner\'es  from  the 
lo\ver  cervical  to  the  first  lumbar. 

Action. — The  various  portions  of  the  ilio-costalis  tend  to  bend  the  spinal 
column  backward  in  the  lower  cervical,  thoracic,  and  lumbar  regions,  and  also  to 
draw  it  somewhat  to  one  side.  They  may  likewise  have  some  action  in  drawing 
down  the  ribs,  assisting  in  forced  expiration. 

3.    LoNGissiMUS  (Fig.  520). 

Attachmenta. — The  longissimus  represents  the  upward  prolongation  of  that 
portion  of  the  sacro-spinalis  which  arises  from  the  dorso-lumbar  fascia  and  the 
lumbar  vertebrze.  It  is  continued  upward  immediately  medial  to  the  ilio-costalis  to 
be  inserted  into  the  mastoid  process  of  the  temporal  bone,  but,  like  the  ilio-costalis, 
it  receives  in  its  course  accessory  bundles  and  also  gives  of!  bundles  which  are 
inserted  into  the  skeletal  parts  over  vvhich  it  passes. 

The  fibres  which  represent  the  direct  continuation  of  the  sacro-spinalis  are  con- 
tinued as  far  up\vard  as  the  first  thoracic  vertebra,  and  are  reinforced  by  short  acces- 
sory  bimdles  from  the  transverse  processes  of  the  lowersix  thoracic  vertebrae  to  form 
what  is  termed  the  longissimus  dorsi.  The  fibres  of  this  portion  of  the  muscle  are 
inserted  along  two  lines.  the  medial  of  which  passes  along  the  accessory  processes  of 
the  lumbar  vertebra;  and  the  transverse  processes  of  aH  the  thoracic  vertebrae,  while 
the  lateral  line  passes  along  the  transverse  processes  of  the  lumbar  vertebrae  and  the 
angles  of  the  ribs  as  far  fonvard  as  the  second.  From  the  transverse  processes  of 
the  upper  six  thoracic  vertebrae  bundles  arise  which  unite  to  form  the  lonj^issimns 
cenicis  or  transirrsalis  cervieis,  which  continues  the  line  of  the  longissimus  to  an 
insertion  into  the  posterior  tubercles  of  the  transverse  processes  of  the  second  to 
the  sixth  cer\'ical  vertebrae  ;  and,  finally,  the  lonKissimas  capitis  or  tracheio-mastoid 
is  formed  by  bundles  arising  from  the  transverse  processes  of  the  three  upper 
thoracic  vertebrae  and  the  articular  processes  of  the  three  lower  cer\'ical,  and 
up\vard  to  be  inserted  into  the  m<istoid  process  of  the  temporal  bone. 

Nervc-Supply. — From  the  posterior  divisions  of  the  spinal  ner\'es  from  the 
third  cervical  to  the  second  sacral. 

Action. — The  thoracic  and  cervical  portions  of  the  longissimus  will  draw  the 
spinal  column  backvvard  and  to  one  side  ;  the  longissimus  capitis  wiU  have  a  similar 
action  on  the  head. 

^  \>\ 

4.    Splenius  fFig.^ao). 

Attachments. — The  splenius  forms  a  fiat  muscle  which  arises  from  the  spinous 
processes  of  the  upper  four  (»r  six  thoracic  and  the  seventh  cervical  vertebrae  and 
from  the  lo\ver  half  of  the  ligamentum  nuchie.  It  passes-  upward  and  s]ightly 
laterallv  aiul  divides  into  t\vo  portions,  ihe  lower  of  which,  curving  around  the  outer 
edge  of  the  upper  portion.  passes  to  an  insertion  in  the  i)osterior  tubercles  of  tke 
uj)per  three  cervical  vertebrae,  form  ing  the  splenius  een^icis.  The  upper  porfibn,  ■ 
\\  hich  is  termed  the  splenius  eapitis,  continues  npward,  and  is  inserted  by  a  short  -♦ 
tendnii  into  the  posterior  border  of  the  mastoid  process  of  the  temporal  bone  and 
intn  the  <»uter  part  of  the  supiTior  nuchal  line. 

Nerve-Supply. — From  thc  posterior  divisions  of  the  second  to  the  eighth  ccr- 
\ioal  n<Tvrs. 

Action. — Tlu-  splenius  cervicis  \vill  <ira\v  the  upper  cervical  vertebrae  backward 
an«l  \vill  rotat<*  thc*  atlas  to\vards  the  side  of  the  muscle  in  action.     The  action  of 
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the  splenius  capitis  upon  the  head  will  be  similar  ;  the  simultaneous  action  of  the  two 
muscles  of  opposite  sides  will  bend  the  head  backward,  each  muscle  neutralizing  the 
rotatory  efiect  of  the  other. 

{d)    THE  TRANSVERSO-SPINAL  TRACT. 

1.  Spinalis.  6.  Intertransversales. 

2.  Semispinalis.  7.  Rectus  capitis  posticus  major. 

3.  Multitidus.  8.  Rectus  capitis  posticus  minor. 

4.  Rotatores.  9.  Obliquus  capitis  superior. 

5.  Interspinales.  10.  Obliquus  capitis  inferior. 

I.    Spinalis  (Fig.  520). 

Attachments. — The  spinalis  in  its  lower  portion  is  the  continuation  of  the 
<ieeper  and  innermost  fibres  of  the  sacro-spinalis,  and,  like  the  longissimus,  with 
-^•hich  it  is  partly  associated,  it  is  regarded  as  consisting  of  a  thoracic,  a  cervical, 
and  a  cranial  portion.  The  spinalis  dorsi  ariscs  from  the  spinous  processes  of  the 
upper  two  lumbar  and  the  lower  t>^'0  or  three  thoracic  vertebrae  by  tcndons  common 
to  it  and  the  longissimus  dorsi.  It  forms  a  thin,  flat  muscle  \vhich  passes  upward, 
inseriing  as  it  goes  into  the  spinous  processes  of  the  thoracic  vertebrae  from  the 
second  to  the  eighth  or  ninth,  but  one  vertebra  intervening  between  its  uppermost 
tendon  of  origin  and  its  lowermost  tendon  of  insertion.  The  spinalis  cervicis  arises 
from  the  spinous  processes  of  the  upper  two  or  four  thoracic  and  the  lower  two 
cervical  vertebrae,  and  ascends  alongside  the  spinous  processes  of  the  cer\'ical  ver- 
tebrae to  be  inserted  into  those  of  the  second,  third,  and  fourth  vertebrae.  The 
spinalis  capitis  consists  of  bundles  arising  from  the  spinous  processes  of  the  upper 
thoracic  and  last  cervical  vertebrae,  and  passes  up\vard  to  be  inserted  with  the  semi- 
spinalis capitis. 

Ncrvc-Supply. — From  the  posterior  divisions  of  the  spinal  nerves  from  the 
third  cervical  to  the  last  thoracic. 

Action. — To  extend  the  spinal  column. 

2.    Semispinalis   (Fig.  520).  \ 

Attachments. — The  semispinalis  forms  the  superfieial  layer  of  the  muscles 
iying  in  the  groove  betueen  the  spinous  and  transverse  processes  of  the  vertebrae. 
Three  portions  may  be  recognized  in  it.  The  semispinalis  dorsi  arises  from  the  trans- 
verse processes  of  the  lower  six  or  seven  thoracic  vertebrae  ;  its  tibres  are  directed 
obliquely  upward  and  medially  and  are  inserted  into  the  spinous  processes  of  the  five  or 
six  upper  thoracic  and  last  t\vo  cer\ical  vertebrae.  The  semispinalis  cervicis  arises 
from  the  transverse  processes  of  the  ^\^  or  six  upper  thoracic  vertebrae  and  is  inserted 
into  the  spinous  processes  of  the  second,  third,  fourth,  fifth,  and  sometimes  the  sixth 
cer\ical  vertebrae.  This  portion  of  the  muscle  is  almost  concealed  beneath  the  upper- 
most portion,  the  semispinalis  capitis,  which  arises  from  the  transverse  processes  of  the 
upper  six  thoracic  vertebrae  and  the  articular  and  transverse  processes  of  the  lower 
three  or  four  cer\ical  vertebrae.  The  fibres  are  directed  almost  vertically  upward, 
and  are  joined  by  the  spinalis  capitis  to  form  a  broad  muscle-sheet  \vhich  is  inserted 
into  the  under  surface  of  the  squamous  portion  of  the  occipital  bone  between  the 
superior  and  inferior  nuchal  lines. 

An  intermediate  tendinous  intersection  usually  divides  the  semispinalis  capitis 
into  an  upper  and  a  lo\ver  portion,  and  is  much  more  distinct  in  the  more  medial 
bundles  than  in  the  lateral  ones.  F'requently  thcse  more  medial  bundles  are  sep- 
arated  somewhat  from  the  others,  and  they  have  been  considered  a  distinct  muscle 
and  termed  the  biventer,  the  lateral  portion  of  the  muscle  being  nanicd  the  compie.vus, 

Ncrvc-Supply. — F^rom  the  posterior  divisions  of  the  spinal  nerves  from  the 
second  cer\ical  to  the  last  thoracic. 

Action. — The  semispinalis  dorsi  and  cer\'icis  extencl  the  vertebral  column  and 
rotate  it  some\vhat  to\vartls  the  opposite  side.  The  semis|)inalis  capitis  draws  the 
head  backward  and  also  rotates  it  slightly  towards  the  opposite  side. 


r 
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3.    MULTIKIDOS  (FiffS.  520,  521). 
Attachmeats. — The  muttifidus  {multifidus  spina)  constitutes  the  middle  layer 
of  the  muscles  occupyint[  the  groove  betMctn  the  tninsverse  and  spinous  procesMS 


of  thi'  ven<-bra-.  an<l  is  covcre«!.  in  the  th'>ntdi-  and  cinical  rejiions.  by  the  senu- 
s|>inalis.     It  takis  iti  orij^in  (nun  the  dorsat  snrfacc-  of  the  s;tcruni  and  from  the  trans- 
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"^erse  or  articulating  processes  of  ali  the  vertebrae  as  far  up  as  the  fourth  cervical. 
The  fibres  from  each  vertebra  pass  over  from  two  to  four  of  the  succeeding  vertebrae 
^nd  are  inserted  into  the  spinous  processes  of  the  third  to  the  fifth,  the  en  tire  insertion 
of  the  muscle  extending  from  the  spinous  process  of  the  last  lumbar  vertebra  to  that 
of  the  axis. 

Ncrvc-Supply. — From  the  posterior  divisions  of  the  spinal  nerves  from  the 
^ird  cervical  to  the  last  lumbar. 

Action. — ^To  bend  the  spinal  column  backward  and  rotate  it  towards  the  op- 
posite  side. 

4.     ROTATORES    (Fig.   521). 

Attachments. — The  rotatores  {rotatores  dorsi)  form  the  deepest  layer  of  the 
Tnuscles  occupying  the  spino-transverse  groove.  They  form  a  series  of  small  muscles 
liardly  distinguishable  from  the  bundles  of  the  multifidus,  beneath  which  they  lie. 
They  are  to  be  found  along  the  entire  length  of  the  spinal  column  from  the  sacrum  to 
"the  axis,  arising  from  the  transverse  process  of  one  vertebra  and  passing,  some  of  the 
iibres  to  the  bsise  of  the  spinous  process  of  the  next  succeeding  vertebra  {rotatores 
^eves)  and  the  rest  to  a  corresponding  point  of  the  second  vertebra  above  {rotatores 
Jongi), 

Nerve-Supply. — From  the  posterior  divisions  of  the  spinal  nerves  from  the 
third  cervical  to  the  last  lumbar. 

Action. — To  bend  the  spinal  column  backward  and  rotate  it  towards  the  op- 
posite  side. 

5.   Interspinales  (Fig.  521). 

Attachments. — The  interspinales  are  relatively  small  muscles  which  pass  be- 
Tween  the  spinous  processes  of  succeeding  vertebrae.  They  are  usually  absent 
throughout  the  greater  portion  of  the  thoracic  region,  occurring  only  in  connection 
ivith  the  first  and  the  last  two  spines,  but  they  are  exceptionaHy  well  developed  in 
the  lumbar  region  and  are  usually  paired  in  the  cervical  region,  where  they  stop  at 
the  axis. 

Ncrvc-Supply. — From  the  posterior  divisions  of  the  spinal  nerves  from  the 
third  cervical  to  the  fifth  lumbar. 

Action. — Acting  together  to  bend  the  cervical  and  lumbar  portions  of  the  spinal 
oolumn  backward. 

6.    Intertransversales  (Fig.  521). 

Attachments. — ^The  name  intertransversales  (mm.  intertransversarii)  has  been 
spplied  to  a  series  of  small  muscles  occurring  in  the  cervical  and  lumbar  regions  and 
^extending  between  the  transverse  or  mammillary  processes  of  successive  vertebrae. 
Jn  each  of  the  regions  named  two  sets  of  intertransversales  are  recognized,  but  it 
seems  probable  that  only  one  of  the  sets  in  such  region  belongs  to  the  dorsal  group 
of  muscles.  This  set  will  alone  be  considered  here,  the  other  (anterior)  one  being 
<lescribed  with  the  ventral  muscles  of  the  regions  in  which  it  occurs. 

The  intertransversarii  posteriores  occur  only  in  the  cervical  region  and  extend 
l)etween  the  posterior  tubercles  of  the  transverse  processes  of  succeeding  vertebrae. 
The  intertransversarii  mediales  occur  only  in  the  lumbar  region  and  extend  bet^^'een 
the  mammillarv  processes  of  successive  vertebrae. 

Ncrvc-Supply. — Probably  by  fibres  belonging  to  the  posterior  divisions  of  the 
cervical  and  lumbar  nerves,  but  it  is  at  present  insufificiently  determined. 

Action. — To  bend  the  cervical  and  lumbar  portions  of  the  vertebral  column 
laterally. 

7.    Rectus  Capitis  Posticus  Major  (Fig.  522). 

Attachments. — The  greater  straight  muscle  (m.  rectus  capitis  posterior  major) 
arises  from  the  apex  of  the  spinous  process  of  the  axis  and  passes  upward  and  out- 
ward,  broadening  as  it  goes,  to  be  inserted  into  the  middle  portion  of  the  inferior 
nuchal  line. 

33 
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Nerve-Supply. — By  a  branch  from  thc  pustorior  division  of  the  suboccJintal 
Action. — To  tlraiv  the  hcad  b;ickward  and  to  roUite  it  towards  the  same  side. 

8.    Rectus  Cahitis  PosTicrs  Minor    (Fig.  522). 

Attachments. — The  lesser  straight  musclc  ( m.  rectus  capitis  posterior  minor) 
arises  from  thc  pusteriiir  tubercle  of  the  atlas  ai)d  passes  iipward,  broadening  as  k 
goes,  to  I)e  imerlfd  into  the  inncr  jKirtion  of  the  inferior  nuchal  line. 

Nerve-Suppl/. — By  a  branch  from  the  posterior  division  of  the  suboccipital 

Action. — To  draw  the  head  backuard. 


Fig.  521. 


:,W»; 


Deep  diuKtion  of  n«k.  ihowtn|i  >ubocci|iiul  Kivti|i  ol  muKk*. 

9.    OBLiguLs  Capitis  Sl'perior  (Fig.  522). 

Attachments. — The  su])erior  obIiqiie  muscle  of  the  head  arises  (rom  the  tians- 
verse  process  of  the  atlas  and  |>asses  iipward  to  be  mseried  into  the  squainous  portion 
of  the  occipital  iinniediatelv  above  the  outcr  part  of  the  Inferior  nuchal  line. 

Nerve-Supply. — By  a  branch  from  the  posterior  division  of  the  suboccipitJ 
ner\e. 

Action. — To  draw  the  head  )vi(kwurd  and  slightly  laterally. 

10.    OBi,iyris  Capitis  Inferior  (Fig.  522). 

Attachments. — The  infirior  titi]i(|ite  muscle  of  ihe  head  arises  from  the  tip  of 
ihe  spiimiis  priMi-ss  of  the  asis  and  is  directcd  niitward  and  upward  to  be  inseried  into 
the  iransverse  pri«-ess  tA  the  atlis. 

Nerve-Supply. — By  a  branch  Imni  the  posterior  division  of  the  subocdfHtal 
niTve. 

Action.— To  nilatu  the  axis  tonards  the  same  siile. 
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The  SacrO'Coccy^eus  Posterior. — Tlie  reduction  of  the  caudal  vertebrae  in  man,  indicated 
by  the  condition  of  tne  coccygeal  vertebrai,  has  brought  about  a  reduction  of  the  terminal 
portion  of  the  dorsal  axial  musculature,  it  being,  as  a  rule,  represented  only  by  the  ligaments 
upon  the  dorsal  surface  of  the  coccyx.  Ouite  frequently,  however,  muscular  fibres  occur  inter- 
mingled  with  the  connective  tissue,  and  occasionally  a  distinct  muscle,  the  sacro-coccygeus 
posterior,  may  be  found,  extending  from  the  last  sacral  vertebra  or  even  from  the  greater  sacro- 
sciatic  ligament  to  the  coccyx. 

THE    VENTRAL    MUSCLES. 

The  ventral  trunk  musculature  includes  ali  those  axial  muscles  which  are  supplied 
from  the  anterior  divisions  (ventral  rami)  of  the  spinal  nerves.  As  already  indicated 
(page  473),  it  is  divisible  into  three  subgroups  :  a  group  of  more  median  muscles,  char- 
acterized  by  their  fibres  retaining  more  or  less  perfectly  a  longitudinal  direction  and 
constituting  the  rectus  gronp ;  a  more  lateral  group,  in  which  the  fibres  possess  a 
<iistinctly  oblique  or  transverse  direction,  and  may  consequently  be  termed  the 
obliguus  group  ;  and,  finally,  2,  hyposkeletal gronp^  whose  fibres  have  a  longitudinal 
direction,  and  which  is  situated  anterior  or  ventral  to  the  spinal  column. 

Instead  of  considering  the  various  muscles  belonging  to  each  of  these  groups  in 
succession,  it  seems  more  convenient  to  combine  a  topographic  classification  with 
the  morphological  one,  and  to  describe  the  various  groups  as  they  occur  in  the  neck, 
thoracic,  abdominal,  and  perineal  regions.  It  must  be  understood,  however,  that 
the  delimitations  of  these  regions  are  some\vhat  arbitrarily  chosen,  and  that  there  is, 
so  far  as  the  muscles  are  concerned,  a  considerable  amount  of  overlapping  of  certain 
regions,  portions  of  myotomcs  which  strictly  belong  to  the  thoracic  region,  for 
instance,  being  found  \vithin  the  limits  of  what  is  recognized  as  the  abdominal  region. 
In  many  cases  these  overlapping  myotomes  have  united  with  myotomes  of  the  lower 
region  to  form  a  continuous  muscle,  and  it  is  consequently  impossible  to  refer  them  to 
their  proper  topographic  position  without  doing  violence  to  the  individuality  of  the 
muscles  which  they  help  to  form  ;  but  when  they  remain  practically  distinct  from  the 
muscles  of  their  adopted  region,  they  will  be  referred  to  the  region  from  which  they 
have  come. 

It  will  be  convenient  to  consider  first  the  muscles  of  the  abdominal  region,  there- 
after  taking  up  in  succession  those  of  the  thoracic  and  cervical  regions,  those  of  the 
|)erineal  region  being  left  until  the  last. 

THE    ABDOMINAL    MUSCLES. 

The  Superficial  Fascia  of  the  Abdomen. — The  superficial  fascia  of  the 
abdomen  is  usually  described  as  consisting  of  t^^'o  layers.  These,  however,  are  well 
marked  only  over  the  anterior  and  especially  the  lower  part  of  the  abdominal  wall, 
losing  their  distinctness  laterally  and  above,  where  they  pass  over  into  the  superficial 
hsciae  of  the  back  and  thorax.  The  superficial  layer  {Camper  s fasda)  usua]ly  con- 
tains  a  considerable  amount  of  fat,  except  at  the  umbilicus,  and  may  occasionally 
reach  a  great  thickness  owing  to  the  development  of  that  tissue.  The  deeper  layer 
immediately  underlies  the  fatty  layer,  and  is  a  connective-tissue  membrane  of  vary- 
ing  density,  containing  a  considerable  amount  of  yellow  elastic  tissue.  It  is  con- 
nected  to  the  deep  abclominal  fascia  which  covers  the  muscles  of  the  abdominal  wall 
by  loose  areolar  tissue,  except  along  the  median  line,  where  it  is  firmly  adherent 
along  the  linea  alba  and  around  the  umbilicus.  A  short  distiince  above  the  sym- 
physis  pubis  it  gives  off  a  band  which  is  largely  composed  of  elastic  tissue  and  is 
mserted  below  into  the  fascia  of  the  penis,  forming  the  suspensory  ligament  of  that 
organ  (Fig.  528). 

In  the  inguinal  region  the  deep  laver  of  the  superficial  fascia  is  especially  well 
defined,  forming  what  has  been  termed  the  fascia  of  Scarpa.  Laterally  it  passes 
down  over  Poupart's  ligament  to  unite  with  the  fascia  lata  of  the  thigh,  the  super- 
ficial vessels  and  lymph-nodcs  of  this  region  Iving  between  it  and  the  superficial 
layer.  More  medially  it  is  continued  d<)wn  over  the  spermatic  cord,  becoming  con- 
tinuous belovv  partly  with  the  deep  laver  of  the  superficial  fascia  of  the  perineum 
{fascia  of  Collrs)  and  |>artly,  after  fusing  vvith  the  superficial  layer,  which  loses  its 
fat,  with  the  dartos  of  the  scrotum. 
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(a)  THE  RECTUS  MUSCLES. 
I.   Rectus  abdominis.  2.   Pyramidalis. 

I,  Rectus  Abdominis  (Fig.  525). 
Attachmeots. — The  rectus  abdominis  forms  a  flat  but  strong  muscie  which 
traverses  the  entire  Icngth  of  the  ventral  abdominal  wall  immediately  iateral  to  the 
linea  alba.  It  arises  from  the  anterior  surface  of  the  »iphoid  process  o(  the  stemutn 
and  from  the  cartilages  of  the  tifth,  sixth,  and  seventh  ribs,  and  is  inserted  by  a  strong 
tendon  into  the  crest  and  !iymphy!9is  of  the  pubis. 


The  fibres  are  ihR-cted  limjjitmhnallv,  an 
ticcasi()nally  fimr  Ininsversc  linirs  bv  Inuhnims  i 
tlRsi'  iiiscriplionis  triidiiiiiF  orrurs  almiit  ihe  li 
alTictinji  onlv  ihe  medial  portion  of  the  mustli 
luuc-r  murijin  u[  tho  th<>rax,  and  ih.-  ihird  liis  al 
fonrth,  whi'n  pn-sent.  fri:(]iifnlly  is  lirnititl  to  ihi 


are  interrupted  along  three  and 
terseclions  <if  the  muscie.  One  of 
el  of  the  umbihcus,  another,  often 
corrL-s|Minds  approximate]y  to  the 
mt  midway  l>etwecn  the  two.  The 
LHil  purtion  of  the  muscie,  and 


irciirs  alMnit  niidway  bctu'eeii  thf  luvd  of  thu  unibilicus  and  the  crest  of  the  pubis. 
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Nerve-Supply. — From  the  anterior  divisions  of  the  thoracic  nerves  from  the 
tnfth  to  the  twelfth. 

Action. — The  recti  act  as  fiexors  of  the  thorax  upon  the  pelvis  or,  acting  from 
^^bove,  they  flex  the  pelvis  on  the  thorax.  They  also  aid  in  the  compression  of  the 
<^abdominal  viscera  in  defecation  and  parturition  and  in  strong  expiratory  eflorts. 

Variations. — The  origin  of  the  rectus  sometimes  ascends  to  the  fourth  or  third  rib  or  even 
■ligher.  The  tendinous  inscriptions  are  probably  the  persistent  representatives  of  the  connective- 
missue  partitions  between  certain  of  the  myotomes  of  which  the  niuscle  is  composed.  They  are 
sjubject  to  a  certain  amount  of  variation  in  niimber,  five  or  six  occasionally  occurring.  while,  on 
^he  other  hand,  they  may  be  reduced  to  two. 

2.    PVRAMIDALIS    (Fig.   523). 

Attachments. — The  pyramidalis  is  a  somewhat  variable  muscle  which  arises 
l>elow  from  the  upper  surface  of  the  body  of  the  pubis  and  from  the  symphysis  and  is 
Jnsertčd  above  into  the  Hnea  alba,  somewhere  between  the  umbilicus  and  the  sym- 
physis. 

Ncrvc-Supply. — From  the  anterior  divisions  of  the  eleventh  and  t>;v'elfth 
thoracic  nerves. 

Action. — To  tense  the  linea  alba. 

Variations. — The  extent  to  which  the  muscle  is  developed  varies  greatly,  its  insertion  some- 
times extending  well  up  towards  the  umbilicus,  while,  on  the  other  hand,  it  is  not  infrequently 
^bsent.     This  latter  condition  has  been  estimated  to  occur  in  over  16  per  cent.  of  cases. 

{b)  THE  OBLIQUUS  MUSCLES. 

1.  Obliquus  extemus.  4.   Transversalis. 

2.  Obliquus  internus.  5.   Quadratus  lumborum. 

3.  Cremaster.  6.   Intertransversales  laterales. 

1.  Obliquus  Externus  (Fig.  524). 

Attachments. — The  external  oblique  forms  a  muscular  sheet  in  the  lateral 
portions  of  the  anterior  abdominal  wall.  It  arises  by  se  ven  or  eight  fleshy  digitations 
irom  the  corresponding  number  of  lower  ribs,  the  upper  digitations  altemating  with 
<lig^tations  of  the  serratus  magnus,  while  the  lower  three  alternate  with  those  of  the 
latissimus  dorsi.  The  fibres  from  the  lo\vest  ribs  pass  vertically  downward  to  be  in- 
^erted  into  the  crest  of  the  ilium  ;  the  remainder  are  directed  mainly  downward  and 
ionvard  and,  above,  directly  fon\'ard  to  join  a  broad  aponeurotic  sheet  which  con- 
"tributes  to  the  formation  of  the  ventral  abdominal  aponeurosis. 

Ncrvc-Supply. — From  the  anterior  divisions  of  the  eighth  to  the  twelfth 
thoracic  nerves  and  from  the  ilio-hypogastric  and  ilio-ing^inal  nerves. 

Action. — Since  the  external  oblique  is  a  cur\'ed  sheet  which  passes  from  the 
lateral  portions  of  the  abdominal  wall  towards  the  mid-ventral  line,  contraction  of  its 
fibrea  will  tend  to  compress  the  abdominal  contents  and  so  assist  in  micturition,  defe- 
cation. parturition,  and  expiration,  its  action  in  the  last-named  process  being  increased 
by  the  power  \vhich  it  possesses  of  drawing  the  lower  ribs  downward.  Furthermore, 
according  as  it  acts  from  belovv  or  above,  it  will  flex  the  thorax  and  spinal  column 
upon  the  pelvis  or  the  pelvis  upon  the  spinal  column,  at  the  same  time  producing  a 
slight  rotation  of  the  thorax  to  the  opposite  side  and  the  pelvis  to  the  same  side. 
\Vhen  the  two  muscles  of  opposite  sides  act  together,  the  rotatory  action  of  each  will 
be  neutralized.  By  the  most  lateral  fibres  a  lateral  flexion  of  the  thorax  or  pelvis 
will  be  produced. 

2.  OBLigrrs  Internus  C  Fig.  525). 

Attachments. — The  internal  ()blique  muscle  lies  immediatclv  beneath  the  ex- 
temal  one.  It  arises  from  the  outer  t\vo-thirds  of  Poupart's  ligament,  from  the 
whole  length  of  the  middle  lip  of  the  crest  of  the  ilium,  and  from  the  lumho-dorsal 
fascia.  From  this  extendeii  origin  its  fibres  spread  out  in  a  fan-shaped  manner,  the 
more  posterior  ones  passing  upward  and  slightly  forvvard  to  be  inscrted  into  the 
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lower  three  ribs,  whilc  of  the  rest  the  more  antt-rior  ones  pass  forward  anci  upward, 
those  from  ihe  ncighborhood  ttf  tlit  ;iiiteri<>r  su])ori<ir  iliac  spine  tiir(.'cUy  fonvard,  and 
those  from  Poupan's  lij^ament  fonvurd  iind  dnvtiivard.  ali  ioininjf  in  a  Hat  aponeu- 
rosis  which  unites  with  the  ant(.'ri<ir  abduiniiial  aponeurosis  at  the  linea  seiniiunaria. 
In  its  loMormost  pnrtion  the  aptineurosis  unites  ivilh  that  of  the  transversalis  to  form 
what  is  tcrined  the  conjomed tindon.  and  by  this  it  is  attiiched  to  the  cresl  of  the  pubts. 

Fi(i.  5J4- 


Nerve-Supply.— Krnni  the  anterior  divisiiiiis  of  the  eiHJUh  to  the  tw-elhh 
thnnidc  nerves  and  from  the  ilio-hy|M)^wtric  and  ilio-injjiiinal  ntrves. 

Action. — The  intenial  ohlLqiteacts  vv-ry  similarly  tu  the  fsteriial  in  oompressing 
thf  alHlumina!  contenls.  in  li^al^-in^J  the  loM-er  ril)s  iiownward,  imd  in  flexinR  the 
thiirax  or  [nlvis  lalerallv.  It  uill  also  rte\  the  tliorax  and  vertibral  column  upon  the 
|Hlvis  lir  Ihe  pelvis  ii|win  the  vi-rteiiral  cohniin.  bnt  in  these  artions  the  acconipanying 
rolatiim  \vill  Ik-  in  a  dirt-ctiim  timtrarv  to  that  (•aiisi'd  by  the  estenial  obUque,  the 
thi>rax  tn-int:  mtali-d  to  tlie  sime  side  and  ihi-  ]K-lvis  tu  the  opposite  side.  It  may  he 
rt-marki-cl  that  the  nitatorv  action  of  the  ext<rnal  nhliipie  of  the  one  side  and  the 
inK-nial  <iblii]iie  of  the  other  will  f»e  in  the  sune  directiim. 
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3.  Cremaster  (Figs.  525,  167 i), 

Attachments. — The  cremaster  musde  consistH  of  a  series  of  somewhat  scat- 
tered  loops  of  muscle-tissue  derived  frum  thc  lower  part  of  the  intemal  ubliquc  and 
to  a  sli^ht  extent  froni  the  trans versal is.  It  is  attached  laterally  to  Foupart's  liga- 
ment  and  media]ly  to  ihe  anterior  iayer  ol  the  sheath  of  the  rectus.  The  loops  de- 
scend  through  the  inguinal  canal  along  w:th  the  sperniatic  cord,  the  musclc  being 

Fn;.  515. 


well  developed  only  in  the  nmlc.  and  spread 
the  testis  and  spennatic  cord,  Thi;  loops  are 
part  d  the  crcmastiric  fiiscia. 

Nerve-Supply. — By  the  j;i-iiital  bmnch  of  the  peniti 
Action. — To  draw  the  testis  ii|>ward  towar<ls  the  exti 

4.  Transversai.is  (Fijr-  52fiy 
(m.  transvcr; 


t  in  thi-  tirnica  vuKinalis  communis  o( 
ited  l>v  riiiiiiLCtive  tlssue  which  forms 


-iTunil  ner\-e. 

rna!  a  bd  oni  i  na!  ring. 


Attachments. —The  traiisvers;ilis 
layer  of  muscle  on  the  latcrul  alKlominal 
oblique.     It  ariscs  (roni  the  cartila^es  of  the  low 


.  abilominisi  is  the  deepest 
medialelv  underlies  the  internal 
six  ribs,  from  the  lumbo-dorsal 


520 


HUMAN   ANATOMV. 


fascia,  the  inncr  lip  of  the  crest  of  the  ilium.  and  the  outer  tivo-thirds  of  Poupart's 
li((ainciit.  Its  fibres  pass  horizonully  inward  to  join  the  ventral  abdominal  aponeu- 
rosis  aIoti>;  the  linea  svniilu naris  ;  the  iower  ones,  however,  bending  somewhat  down- 
ward,  pass  into  an  aponeurosis  which  unites  wilh  that  of  the  internal  oblique  to  ionii 
the  conjoined  tendon  attached  to  the  crest  of  the  pubis. 

Nerve-Supply. — From  the  anterior  divisions  of  the  se\'enth  to  the  tweUth 
thoracic  iier\'es  and  from  the  ilio-hypogastric  and  ilio-in^inal  ner\es. 

Action. — To  compress  the  contents  lA  the  abdomcn. 

Fig.  5a6. 


RiuiiK,  cOTered  h>-  bI 


The  fascia  transversalis  is  a  thin  layer  of  crmnective  tissm-  which  lincs  the 
iiiiKT  (dwper)  siirface  of  the  trans\ers;dis  ninsrle.  Piisteriorly  it  is  continuous  wilh 
the  stronKapimeiinitic  hiiid  fonm-d  by  the  fiision  of  the  siiperficin!  and  dcep  Iayers  oS 
the  htmlMi-dorsiil  [asm,  ;mteri<irly  it  eombincs  uitli  the  deti>er  layer  of  the  ventral 
i'lKiiiiniiiiil  apiineiinisis  tci  fiirm  the  posterior  layer  of  the  sheath  of  the  rectus  muscle, 
anii  alMJve  it  iinites  wilh  ihe  fasda  cov<Tinj;  the  liwer  surface  of  the  diaphrafjm. 
Hclott'  its  latend  }K)rtion  is  altichL-d  to  the  crest  of  the  illuni  and  the  outer  part  of 
l'ini|>iirt's  h}ranK-nt  whirf  it  iH-ronii-s  rcinlinnoiis  with  the  iUac  fasciit,  biit  more  medially 
it  is  roniinm-d  downwan)  iM-iu-alh  I*oiiprirt's  li^ameiit  tf)  form  the  anterior  wall  of  the 
sheat))  of  the  feinonil  \esstls,  the  portion  of  it  ininie(Mately  iibove  the  vessela  betng 
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thickened  somewhat  to  form  the  deep  criiral  arck  (Fig.  1496).  More  niedially  štiil  i 
is  attached  to  the  free  edge  of  Gimbernafs  ligamcnt  and  to  the  upper  surface  of^h« 
superior  ramus  and  body  of  ihe  pubis.  q 

A  httle  over  1  cm.  above  Poiipart's  Ugament,  and  about  half-way  b<;tween  ■Rn 
anterior  superior  iliac  spin«  and  the  symphysis  pubts,  the  transversalts  fascia  ii>  tfri 
forated  by  the  spermatic  cord  in  the  mate  and  by  the  hgamentum  teres  of  the  utenis  in 
the  female.  The  fascia  is  continued  downwar<!  and  forward  over  the  cord  or  Ugament 
to  form  a  somewhat  funnel-like  investment  for  it  ternied  the  infundibiilifomt  fascia,  the 
inner  margin  of  the  funnel  marktng  the  position  of  the  interna!  abdominal  ring. 

5.     QL-Ar)RATUS    LUMBORUM  (Flt^.   52;). 

Attachments. — The  quadratus  lumboruni  is  a  flat  cjuadrilateral  muscie  which 
lies  towards  the  back  part  of  the  ab- 
dominat  wall.  extending  between  the 
crest  of  the  ilium  and  the  lower  bor- 
der  of  the  tuelfth  rib.  It  consists  of 
two  layers  of  fibres  which  ^e<(Hetitly 
are  distinguishable  froin  each  othei 
only  with  difliculty.  The  anterior— 
!ayer,  which  arises  from  th&  trans- 
verse  processes  of  the  lower  foiir  him- 
bar  vertebrse  and  from  the  posterior 
part  of  the  iliac  crest,  is  inseried  into 
the  !ower  border  of  the  twelfth  rib ; 
the  posUrior  Iayer  (Fig.  527)  arises 
from  the  crest  of  the  ilium  and  is  in- 
serted  into  the  lo\ver  border  of  the 
twelfth  rib  and  into  the  transverse 
processes  of  the  upper  four  lumbar 
\-ertebrae. 

Nerve-Supply. — By  branches 
from  the  lumbar  pl«xus. 

Action. — Ta'draw  downward  the 
last  rib  and  to  bend  the  tumbar  por- 
tion  of  the  spinal  cohimn  Iaterally. 

Relations. — The  quadratus  him- 
borum  rests  behind  iipon  the  deep 
layer  of  the  bsda  lumlxi-dorsalis  (  Fig. 
519),  which  separates  it  from  the  spino- 
sacral  muscie.  Its  anterior  surface  is 
in  relation  to  the  kidney  and  the  as- 
cendingordescendingcolon,  iscrossed 
by  the  lumbar  arteries,  and  is  co\ered  towards 

6.    I\TERTRAXSVERSAI.KS    LaTERALES  (Fig.  52l). 

Attachments. — The  lateral  intertransversales  are  a  series  of  small  quadrilateFa]  ,_^^ 
muscies  u-hich  estcnd  l>ctwecn  successive  tr.ins\erae  proce.sses  of  the  lumbar  vertebr*. 

Nerve-Supply. — Probahlv  from  the  anterior  rami  of  the  lumbar  ncr\'es. 

Action. — To  l>end  laterallv  the  tumbar  portion  of  the  spinal  column. 

The  Ventral  Abdominal  Aponeurosis  (Fig,  528). — The  broad  apnneurotic] 
sheets  into  which  the  ob!iquo  and  transVerse  muscies  of  the  abdfimen 
at  their  anterior  f  medial)  cdgi-s  unile  more  or  less  intimatelv  «ilh 
with  the  fascia  transversiilis  to  form  ihe  ventral  abdominal aponcuro^ 
various  layers  of  which  this  aponeurosis  is  ciimp<K*e<l  are  I"  a  ccrta 
ble,  since  the  lincs  along  ivhich  the  fit>res  o(  the  three  muscks  ] 
neurosis  do  not  coinci<l(',  ihat  of  the  e.vti-rnal  <il)lique  e.\tending  fron 
of  the  rectus  muscie  above  iibliquely  downward  and  laterallv  Ii>  th< 
spine  01  the  ilium,  while  those  of  ttie  interna!  oblique  and  transvt 


•ntinucd 
':  another  and 
(M.  Laterallv  the 
in  e,\tent  discemi- 
»ass  into  the  aiH>- 
11  the  nuter  tjorder 
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le  outer  hnrdcr  of  thc  rcctus,  cxcc|)t  lK-h)\v,  wherc  they  lic  a  little  lateral  to 
jscle.  More  incdiallv,  hout-vcr,  the  layc*rs  bccoinc*  intiinatclv  iisstKriatcd  and 
Iv  Ik*  separatinl  arliticiallv. 

it  thc  <uilcr  l>«>r(irr  of  ihtr  rcctus  nuisck*  the  aponcurosis  dividcs  into  two  lavtTS 

^2i),  ,1)  \vhich  pass  one  in  front  anii  llie  otlu.T  l>chin(]  tlu-  rt-ctiis.  lluis  fornun>^  a 

h  for  it  {  vai^iiia  inusculi  rccti ).     The  line  of  tlie  division  is  indicateil  on  the  surface 

iC  alxlonien  I)y  a  slij^ht  j^roove,  and  conslitutes  \vhat  is  ternied  the  /i»i'a  sifni- 

ris.      When  ihev  reach  the  niesial  border  of  the  rectiis  the  two  layers  unite  and 

)nie  continuous  in  the  middle  line  \vith  the  aponeiirosis  of  the  opposite  side  t(» 

n  a  stron^  tibrous  band  which  i"Xtends  from  the  front  of  the  xiphoiil  pr(K*essof  the 

slerniini  al^)ve  to  the 
Kk;.  528.  syniphysis   pubis   Ih*- 

lo\v,  and  is  termeii  tlie 
/ifira  a/6a.  In  its 
upper  {Kirt  this  lxind 
is  fairly  l)road,  I  nit 
l)elo\v  the  imibiliciis, 
\vhich  is  situated  in 
the  lxmd.  it  suddenlv 
narroNvs  to  a  thin  line 
\vhich  iHiconies  o»n- 
tinuous  Ix.*1j>w  with  the 
siiperior  piibic  lijja- 
ment,  behind  the  in- 
sertion  of  the  recti,  bv 
a  trian^ulare.\ixinsion 
which  occasionallv 
contains  miisde-fibns 
and  is  ternied  the  ad- 
miniculum  lineac  atbae. 
'Y\\^  posti  rior  /avt-r 
of  the  a|K)neiirosis, 
\vhich  forms  the  poste- 
rior  wall  of  the  slu-ath 
of  the  rectiis,  is  fairlv 
thick  alx)ve,  but  a  lit- 
tle below  the  level  o{ 
the  umbiliciis  it  siid- 
denly  l)ecomes  ver>' 
nuich  thinner  along  an 
arche<i  line,  the  con- 
ravitv  of  \vhii'h  is  do\vn\vanl,  and  mav  somelinies  be  reprcsented  by  a  distinct  fold. 
This  marji^in  is  ternied  the  //;//•  i^r  /Wi/  o/  /)oni^/as  (linea  semiclrcularis )  (F*ij2r-  523). 


fiirovrffd, 
fibrt-s  <»f  i.'\lv,'i- 


Aiitcrior 
tus  riuslIc 


Antfrior  supcrior 
lllili'  'ipiiu: 
liiUTiiiluinnir 
filircs 

F\ti'rii;il  alKlomi- 
iiul  riiiK 

S|K.Tiiiatii  runi 


Lin(*ir 
trmi^vcrsiv 

_  Liiiva  aiiKt 


('o\lH.'<l  fX- 

U-iii.il  iiblititK* 


I.iiit-a 
sfiniluiiaris 


— .Sii>|K,'iisfir\' 
\         li^ainriit 
\        ut  iKTiiis 


SupL-rfii  ial  tlissfi  t(i>ii  of  .ili«l«iin<-ii.  s))ii\mii>;  viMittal  a|K)iu'Urfisis. 


Varioiis  sll;;;r^-sti< »ns  havi*  bfi-n  niade  in  exp]anati()n  of  this  siidclen  chanjjt*  in  the  thickness 
of  the  |xistrni>r  lavt-r  oi  tlu«  slu-alli  oi  ilu-  rectiis.  It  h. is  In-rn  siip|x >*;<•<  1  ihat  it  \vas  rnnnfrt«! 
uitli  the  pa»»s.iv:t" '»f  llu/  inierior  epii^astric  artrrv  iiit<»  ihr  siibst.inrf  of  thr  iiuiscrle  (llenlt*),  a 
s«niu*uhal  in<iiii-i|ii:it(-  raiist-  f\rii  it  thi'  point  <>t'  p.iss.mr  ot  tlu- artiTv  ihnuijjh  the  sheath  cor- 
r(*s|Hin(1i'<1  \\iih  llir  M-mirinnlar  liin-.  'I'lif  ilninu-ss  <ii  thi-  puriimi  ut  the  sheath  heh>w  tht*  line 
lias  Uril  (■x|)|:(iiir(t  «Mi  tln'  i^nmnd  thal  il  rt-pn-snits  tlu*  pi>rii<iii  \\iih  vvliirh  the  iirinar\'  bladder 
u.is  ii)  r«iMt.ut  in  In  tal  litt-  K  lf^<-iiliaur  1,  and  aNo  l»\  tlu-  \iiw  that  \\\v  strain  exerted  «>n  this 
jHirtiiMi  <»t  tlu"  shi-ath  is  Irss  iliaii  tliat  pla»i'(l  iipnn  ihi-  iipprr  part.  sinrt"  the  latter  is  art«I  on 
i»v  lil»rrs  i»f  tlu-  oMiijiu-  ,im<I  transMisi«  luusclrs  \\liirli  havi-  Imhiv  attarliments  dra\vn  upivani 
(liirin-  iiiNpir.itiiin.  \\liilr  tlu-  |i»\\it  pari  is  in  ri-lati»Mi  tti  tlu;  li-ss  aitivt*  ri!»res  attachecl  to  the 
iiii^iiiii.il  li:^aiiu-iit  (Si»lv;rr.. 

lin.ilK.  it  nia\  Ih-  siati-i|  tliat  ihi-  iinini-diaii-  caiisr  i«ir  ihr  siuhlen  <'han'y;r  in  thickness  has 
l>i-i-n  .is-^i-Mi  li  tli  iln-  «l«-\<-lMpm(iit  ut  tlu-  i»nH  i-ssii«^  \  a^^iiMlis  |M-ritoM.ii.  tlu*  p<iiirh  of  iRTitoneuir 
uliiih  m  tlu   rmlii\ii  ilts(  tiiils  intM  tlu-  -^i-iiital  s\\rllin-^  aiul  v:ivt.-s  risi-  iii  the  male  t(»  the  tunic; 
\.i:'in.ili^  It  >ii-..      Tlu-  tulili, iti« lil  nt  ilii^  pi-ritinuMl  piuu  li  is  lu-Id  t<»  pn  Vfiit  thi*  l<iwer  |)ortion 
I  it  tlu-  jni«,!i  siiir  lav'-r  t.!  tlu*  al"lniniiial  .ipuiu-iirusis  uliicli  ar»-  <liTi\iMl  tnmi  the  a|>onelin>ses « 
tlu    Miiiin.il  iiMii|iu-  .iiul  tfaiisMTsalis  ttuiii  j>as>iiiv.  l»»-liiiul  tlu-  n-itus  imiscK«,  the  |xisteriorw: 
uT  it-  sjii   itli  Ih  iri^  tiiriiuil  milv  l»v  tlu-  tas«  ia  traiisM-isalis  (  j-iisli-i  ;. 
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In  the  lower  part  o(  the  anterior  ubdominal  wall  the  lowennost  fibres  of  the 
abdotninal  aponeurosis — those  exiending  between  the  anterior  supehor  spine  oC  the 
ilium  and  the  pubic  spine — form  a  strong  tigamentous  band,  the  ligament  of  Pou- 
part  (ligamentum  inRuinale)  (Figs.  524,  530),  the  outer  portion  of  which  gives  rise  tO 
some  of  the  fibres  of  the  internal  oblique  and  transversalis  muscles,  while  the  fascia 
lata  of  the  thigh  is  attached  to  it  belim,  Near  its  media!  end  some  of  its  fibres  pass 
inward  to  be  attached  to  the  llio-pectineal  hne  of  the  pubis,  forniing  a  horizontal  trian- 
gular  sheet  whose  free  concave  laterai  border  forms  the  medial  boundary  of  t\\^/emo- 
rai  rirtg  (annulus  femoralis)  through  which  the  femoraf  hernias  make  their  exit  from 
the  pelvis.  This  retlection  (Fig.  531)  is  the  ligament  of  Gimbernat  (ligamentum 
lacnnare).  Furthermore,  a  sheet  of  fibres,  variable  in  its  development  and  termed  the 
triangular fascia  (liKamentum  incuinale  reBeium),  or  ligament  of  Colles  (Fig.  1485). 
is  reflected  upward  and  medially  from  the  inner  portions  of  Poupart's  and  Gimbemat's 
ligaments  in  front  of  the  lower  medial  portions  of  the  aponeuroses  of  the  internal 
oblique  and  transversalis  muscles  to  the  anterior  layer  of  the  sheath  of  the  rectus. 

The  Inguinal  Canal. — At  an  early  stage  in  the  development  of  the  fcetus  an 
outpouching  of  the  lower  part  of  the  abdominat  wall  occurs  on  each  side  to  form  the 
genital  swellings,  which  later  become  the  scrotum  in  the  male  and  the  labia  majora 

Fig.  519- 


Dai^nu  sho#inj- 


in  the  female.  The  points  at  which  the  outpouchings  occur  are  those  at  which  the 
iower  ends  of  a  ligament  descending  from  the  primitive  kidneys  (mesonephri)  are 
attached  to  the  abdominal  wall,  and  thcse  ligaments,  consequendy.  are  carried  through 
the  length  of  the  ontpouching  beneath  its  peritoneal  lining  to  attach  to  the  ivalls  of 
the  scrotum  or  the  hbia.  In  the  female  the  ligaments  become  in  part  the  round 
l^ments  of  the  iitenis,  bnt  in  the  male  the  relations  of  the  outpouchings  become 
■nore  complicated.  Owing  to  the  descent  into  them  ol  the  testes  (page  2040),  the 
ligaments  are  drawn  completely  into  the  pouch,  forming  the  gubernacula  ol  the  testes, 
while  the  vaša  defcrentia  and  the  vessels  and  nerves  of  the  testes  are  also  carried 
into  the  pouch,  uniting  to  form  the  spermatic  cord.  There  are,  consequently.  pass- 
ing  from  the  abdominal  ca\ity  into  each  pouch,  in  the  female  the  round  ligaments  of 
the  uterus  and  in  the  male  the  spermatic  cord. 

At  first,  and  in  the  malo  fnr  a  considerable  time  attcr  birth,  the  commuiiiaition  of 
the  pouch  with  the  alnlominal  cavity  is  widely  open  ;  but  later,  in  the  upper  part  ol  the 
pouch  in  the  male  anii  throughont  its  entire  length  in  the  female,  the  lumcn  beconies 
reduced.  and  finally  is  com|)letely  oblilerated  by  the  union  of  its  walls  to  the  sj>er- 
matic  cord  or  the  round  ligament,  its  lower  portion  persisting  in  the  male  as  the  space 
which  exists  bctween  the  visccral  and  parielal  lavers  of  the  tunica  \aginalis  testis. 
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As  a  result  of  these  processes  the  lower  portion  of  the  abdotninal  wall  b 
traversed  on  either  side  by  the  spermatic  cord  or  by  the  hgamentum  teres  of  the 
uterus,  and  it  is  customary  to  regard  the  space  occupied  by  the  one  or  the  other  of 
these  structures  as  a  canal,  which  is  termed  the  tnguinal  canal.  It  should  be 
understood,  however,  that  an  actual  space  surrounding  the  cord  or  ligament  does 
not  exist,  the  waHs  of  the  canal  being  unitcd  to  the  structure  contained  within  iL 
Nevertheless,  the  union  is  by  no  means  a  strong  one,  the  region  of  the  abdominal 
»ali  traversed  by  the  ligamcntum  teres  or  especially  by  the  spermatJc  cord  bdi^ 
relatively  weak  and  not  infrequently  the  seat  of  an  inguinal  hemia. 

The  inguinal  canal  is  somewhat  over  3  cm.  (i}^  in. )  in  length  and  is  situated 
immediately  above  Poupart's  ligament,  which  it  crosses  obliquely  from  above  down- 
ward,  medially,  and  for*-ard.  Its  upper  or  inner  end  is  about  midway  between  the 
anterior  superior  spine  of  the  ilium  and  the  spine  of  the  pubis,  and  lies  about  1 2  mm. 
( yi  in. )  above  the  line  of  Poupart's  ligament.  It  is  marked  by  a  more  or  !eas  distinct 
depression  on  the  posterior  surface  of  the  abdominal  wall  surrounding  the  spermatic 
cord  or  round  hgament.  teimed  the  internal  abdominal  ring  (annnlns  I      '     " 


^^^  — Ai>oneuioii5(if  eiilem«lob1iqiie 

*nleriotsiiperiorilt«ci  ^^^  ~~" 


atMlomiols).  The  depression  (  Fig.  532)  is  due  to  the  transversalis  fascia  bdng  pro- 
Innged  diiwnward  over  the  si>ermatic  cord  as  a  funnel-like  sheath,  the  infuHdihdi- 
form  fascia.  The  1owlt  or  medial  end  of  the  canal  ct>rrespond3  to  the  extem«I 
abdominal  ring  (aonulus  abdominalis  sultcntancus )  (Figs.  523,  530),  and  lies  just 
latoral  ti>  and  a  littlc  above  the  spine  of  the  pubis  and  is  surrounded  by  the  low«r 
medial  iKirtiun  of  the  uponeurosis  of  the  e.xternal  oblique.  The  fibres  of  the  aponeu- 
rosis  »-hich  lx>und  this  ring  are  somewhat  thickeneil,  forming  what  are  temied  the 
fiillars  Ctrura )  iif  the  ring,  the  upiM;rmost  i.>f  which,  the  inlernal pillar  fcrus  snperier), 
cnnsists  (if  tibres  jjiLssing  to  the  svmjihvsis  pubis  ;  the  Iowtr  one,  the  r.rlemai  piVar 
icnis  inferiiir),  is  fonnitl  by  the  tibres  p;is.sing  to  the  pubic  spine,  and  corresponds 
tli  tlie  medial  end  i>f  I'(m|i;irt's  liganu-nt.  Sintching  across  lK;tween  the  two  cmra 
an-  mimenms  <ibliquely  arching  hiUnohimnar  Jibres  ( librac  i n tereni rales)  which  extend 
hilirallv  alniost  as  far  mit  ;is  the  anterior  superior  spine  of  the  ilium,  From  the 
margins  of  the  e.Mernal  ring  an  attenuated  prolonnation  of  the  aponeurosis  of  the 
t-M.-rnal  obli^ue  is  conlinued  down\vard  over  the  spermatic  cord  as  a  thin  membrane 
kiiott-n  as  the  intercoluitniar  or  e.\lfrnal  spermatic  fascia. 
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Owing  to  the  obIique  direcdon  of  the  canal,  that  portion  of  the  aponeurosis  of 
the  extemal  oblique  which  is  strengthened  by  the  intercoiumnar  fibres,  together  with 
a  portion  of  the  internal  oblique,  forms  its  anterior  wall,  while  its  poslerior  wall  is 
formed  by  the  aponeurosis  ol  the  transversalis,  together  with  the  more  medial  lower 
portion  of  that  of  the  intemal  ob]ique,  these  two  layers  of  fascia  uniting  in  this  region 
to  form  what  is  termed  the  conjoined  lendon,  which  is  attached  below  to  the  body  and 
superior  ramus  of  the  pubis,  and  mcdially  is  especially  thickened  to  form  a  band,  the 
lals  ingaioalis,  lirmty  attached  along  its  medial  border  to  the  tendon  of  the  rectus. 
More  laterally,  where  it  forms  the  medial  boundary  of  the  internal  atidominal  ring,  it 
is  aiso  thickened  (Fig.  531),  forming  the  ligament  of  Hesselbach  (ligameatum  inter' 
Ibvcolare).  Between  these  two  thickenings  the  abdominal  wall  is  weaker  (Fig.  1493) 
and  niay  give  way  to  internal  pressure,  permitting  a  hemia,  which  comes  to  the  sur- 
bce  at  the  extemal  abdominal  ring  without  having  traversed  the  inguinal  canal,  and  is 
therefore  spoken  of  as  a  direci  hernia.  in  contradistinction  to  the  more  usual  obiigue 
haiuawhich  entcrsthe  canal  at  the  intemal  abdominal  ring. 

Fig.  531. 


oi  CDnJointd  tendon  i 


A  small  fasciculiLs  of  muscle-tissue  is  sometimes  found  close  to  the  medial  border  of  the  . 
interna]  abdominal  ring.  It  is  the  m.  inUrfoftolaris  (Fig.  531 ),  and  arises  from  the  superior 
ramus  of  the  pubis,  passinE;  almost  directly  upuard  to  spread  oui  on  the  posterior  surface  of  the 
transveisalis.     It  is  generally  regarded  as  an  alierrant  purtion  of  the  transversalLs  muscie. 

The  Posterior  Surface  of  the  Anterior  Abdominal  Wall. — Throughout 
its  entire  e.xtent,  with  the  exception  of  a  small  area  in  the  median  line  below,  the 
posterior  surface  of  the  anterior  abdominal  wall  is  lined  by  peritoneum.  In  the 
exceptional  area  the  peritoneimi  is  kept  from  nctual  contact  with  the  wall  by  a 
band  of  fibrous  tissue,  the  itrachus,  which  e.\tends  from  the  apex  of  the  urinary 
bladder  to  the  umbilicus  and  supports  the  peritoneum  somewhat  in  the  manner 
of  a  ridge-pole  of  a  tent,  sn  that  between  it  and  the  abdominal  wall  there  is  an 
interval  occupied  only  by  loose  areolar  tissue  and  termed  the  pmesical space  of 
Rettiui  (page  1906). 

Laterally  from  the  urachus  a  (ibrous  cord,  the  lateral  ligament  of  the  umbilicus, 
inay  be  seen  on  each  sidc,  passing  from  the  side  of  the  bladder  to  ihe  umbilicus  and 
representing  the  obliterated  hvpogastric  artcries of  the  foctus  :  »hile  stili  more  laterally 
there  may  be  seen  coming  friim  the  extcrnal  iliac  artery  the  inferior  or  deep  epigas- 
tric  artery,  which,  passinu  immediatoK-  to  the  inner  side  of  the  internal  abdominal 
ring  and  posterior  to  the  interfoveoUir  ligiiment  (Fig.  532),  cstcnds  upward  and 
invard  to  penetrato  the  posterior  laver  of  the  sheath  of  ihe  rectus  a  short  distance 
below  the  level  of  the  unibilicus.  13oth  these  stnictures  produce  a  slight  ridj^ng  or 
foldof  the  peritoneum.  that  formed  by  the  obliterated  hvpogastric  arterv  being  tcnned 
Xhc  filiea  umbiliealis  lattralis,  \vhile  the  othcr  is  the /t//V<7  epigasirica.  These  Vko 
fdds,  together  with  the  urachus,  mark  of!  the  louer  portion  of  the  abdominal  wall 
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into  three  areas  or  foveje  (Fig.  532).  The  median  of  these  foveae  lies  between  the 
urachus  and  the  luteral  umbilical  fold  and  forms  the  supravesical  /ossa,  having  for 
its  floor  ihe  reclus  muscle.  Botwecn  the  laterat  umbilical  and  the  epigastric  folds 
is  the  innir  inguhia/ /ossa,  ha\'injr  for  ils  floor  the  conjoined  tendon,  and  bdng 
thereiore  the  region  in  u-hich  direct  in^inal  hernias  arise ;  and  lateral  to  the  ^- 


Median  umbllli-al  llKami 


gastric  fold  is  the  oiihr  in^uinal /ossa,  in  whose  floor  is  found  the  interna!  abdominal 
ring,  just  to  the  outer  side  of  the  deep  epigastric  arter)', 

The  triangular  area  bounded  by  Poupart's  ligament  be1ow,  the  lateral  edge  of 
the  rectus  muscle  me(lially,  and  the  plica  epigastrica  laterally  has  been  termed  the 
triangle  of  Hesselbaeh.  It  is  alinost  identical  wtth  the  middle  inguinal  fossa,  and 
delines  a  iittle  more  precisel/  the  seat  oi  the  direct  hernias. 

(<■)    THE  HVPOSKEI.ETAI,  MUSCI.ES. 
It  seems  probable  that  the  psoas  major  and  the  psoas  minor  muscles  are,  in  part 
at  least,  assignable  to  the  group  of  atxlominal   hyposkeletal  muscies.     The  close 
association  of  the  psoas  major  with  the  iliacus  and  its  attachmcnt  to  the  femur  make  it 
convenient,  however,  to  defer  their  description  until  later  (ps^e  623). 


PRACTICAL  CONSIDERATIONS. 
THE  ABnOMEN. 
The  abdominal  cavHy  is  boimded  above  by  the  diaphragm  ;  betov  by  the  floor 
of  the  pelvis  :  laterally  by  the  diaphragm.  the  lower  ribs,  the  abdominal  muscies,  and 
the  lateral  expansions  of  the  ilia  :  posteri»jrly  by  the  diaphragm,  the  tenth,  deventh, 
and  twelfth  ribs,  the  Iumb;ir  muscies  and  vertcbne,  the  posterior  portions  of  the  ilia, 
and  the  ischial,  sacral,  coccygcal,  and  pubic  bones  :  and  inferiorly  by  the  levatores 
ani  and  coccjgei  miisctes.  It  should  be  note<l  that  the  roof.  the  floor,  and  much  of 
the  rematning  parietes  of  the  abdomen  are  niade  »ip  of  muscular  tissue  which,  \tf 
contractiun  or  by  relaxation  <)r  strctching,  can  alter  the  si/e  o(  the  cavity,  afiect  the 
nlations  of  the  containcd  \iscen»,  and  vary  the  comprcssion  to  which'thcy  are  subjecL 
The  tonicity  of  th<.-  muscular  wal]s  brings  about  a  normal  i  ntra- abdominal  prcMUre 
which  siTvt-s  in  huallh  to  rcLiin  in  positiim  and  to  givt-  support  to  the  viscera. 
This  pnssuro  is  increased  in  inspiraiiun  ami  by  stmining.  lifting,  or  coughing.  Ir 
then,  bv  incrtasing  the-  nutuard  pressure  of  ihc  viscera  upon  the  intemal  sur 
face  o(  iIk-  pimitcs,  iavi)rs  the  jiroduction  iif  hcrnia,  the  protriision  of  the  i 
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through  a  wound,  the  stretching  of  scars,  and  some  forms  of  dystocia  and  of  uterine 
displacement. 

The  pelvic  cavity — '*  a  recess  leading  downward  and  backward  from  the  abdomi- 
nal  cavity  proper"  (Cunningham) — is  divided  from  the  latter  by  an  imaginary  plane 
extending  from  the  promontory  of  the  sacnim  to  the  upper  edge  of  the  pubes.  It 
will  be  considered  separately. 

The  general  shape  of  the  abdominal  cavity  is  described  on  page  161 5  as  are  also 
the  regions  into  which,  for  convenience,  the  abdomen  proper  may  be  divided  by  cer- 
tain  arbitrary  lines  (page  161 5). 

The  structures  and  organs  underlying  the  spaces  thus  marked  out  are  approxi- 
mately  as  follows  : 


RiGHT   HVPOCHONDRIAC. 

Greater  part  of  right  lobe  of 
liver,  hepatic  flexure  of  colon, 
and  part  of  right  kidney. 


Right  Lumbar. 

Ascending  colon,  part  of 
right  kidney,  and  sometimes 
part  of  ileum. 


Right  Iliac. 

Cacum  with  vermiform  ap- 
pendix  and  termination  of 
ileum. 


EPIGASTRIC. 

Greater  part  or  whole  of  left 


Left  Hvpochondriac. 
Part  of  stomach,  portion  of 


lobe  and  part  of  right  lobe  of  I  spleen,  tail  of  pancreas,  splenic 
liver,  with  gall-bladder,  part  of  I  flexure  of  colon,  part  of  left 
stomach,  including  both  ori- '  kidnev,  and  sometimes  part  of 
fices,  first  and  major  portion  left  lobe  of  liver. 
of  the  second  parts  of  duo- 
denum,  duodeno-jejunal  flex- 
iire,  pancreas,  upper  or  inner 
end  of  spleen,  parts  of  kid- 
neys,  and  suprarenal  bodies. 


Umbilical. 
Greater    part  of    trans verse 


Left  Lumbar. 
Descending   colon,    part    of 


colon,  louer  portion  of  second  ;  jejiinum,  and  sometimes  part 


and  much  of  third  part  of  duo- 
dennni,  some  convohitions  of 
jejunum  and  ileum,  with  por- 
tions  of  mesenterj-  and  greater 
omentum,  part  of  right,  often 
of  left,  and  sometimes  of  both 
kidneys,  and  part  of  both 
ureters. 


HVPOGASTRIC. 

Convolutions  of  ileum,  blad- 
der  in  children,  and  when  dis- 
tended  in  adults  also,  utenis 
when  in  the  ^avid  state,  and, 
behind,  sigmoid  flexure. 


of  left  kidney. 


Left  Iliac. 

Sigmoid  colon,  convolutions 
of  jejunum  and  ileum. 


The  contents  of  the  various  regions  and  the  structures  intersected  by  the  different 
planeš — if  the  arbitrary  lines  are  continued  into  planeš — vary  considerably  within 
noimal  limits  and  greatly  in  the  presence  of  disease. 

The  shape  and  size  of  the  abdomen  are  also  extremely  variable.  In  the  nonnal 
adult  male  it  is  irregularly  cylindrical,  with  a  central  bulging,  an  antero-posterior 
flattening,  and  a  greater  width  near  the  pelvis  than  near  the  ribs.  In  the  adult  fcmale 
the  larger  relative  size  of  the  lower  abdomen  is  due  to  the  greater  development  of  the 
pelvis,  and  usually  to  fiabbiness  of  abdominal  muscles  and  accumulation  of  fat  from 
want  of  exercise,  and  to  compression  of  the  upper  segment  by  corsets  ;  it  is  increased 
by  the  stretching  of  repeated  pregnancies.  In  infancv  and  childhood  the  abdomen  is 
prominent  on  account  of  the  undeveloped  condition  of  the  pelvis,  the  pelvic  viscera 
being  then  practicallv  within  the  abdomen,  and  is  broader  above  than  below  by 
reason  of  the  relativelv  great  bulk  of  the  liver. 

In  obesity  the  weight  of  the  intra-abdominal  and  subcutaneous  fat  carries  the 
lower  part  of  the  alxiominal  \vall  do^nward  by  gravity,  stretches  it,  and  produces  a 
pendulous  abdomen.     This  condition  is  also  favored  by  ascites,  pregnancy,  etc.      In 


528  HUMAN  ANATOMV. 

emaciation  the  whole  anterior  abdominal  wall  becomes  concave  {scaphoid)^  especiaUy 
the  upper  portion  bounded  by  the  ensiform  cartilage  and  the  subcostal  angle,- 
scrobiculus  cordis  (page  171), — which,  with  the  patient  supine,  may  appear  to 
direcdy  up>on  the  vertebral  column,  with  walls  more  nearly  vertical  than  horizontal. 

CongenitcU  deformities  of  the  abdominal  wall  usually  consist  in  a  failure  of  the 
ventral  plates  to  unite  in  the  middle  line,  producing  various  degrees  of  umbilical 
hernia  {q,v.)  or  Icaving  the  contents  of  the  abdomen  uncovered  o  ver  a  considerable 
area. 

Coniusions  of  the  anterior  abdominal  wall,  bounded  laterally  by  the  outer  free 
border  of  the  external  oblique, — i,e.^  by  a  line  just  external  to  a  vertical  line  dropped 
from  the  lowest  part  of  the  ninth  rib, — ^are  of  importance  in  relation  to  the  ^ect 
upon  the  org^ns  contained  within  the  abdomen.  As  the  skin  over  the  abdomen  and 
the  abdominal  muscles  receive  their  nerve-supply  from  the  lowest  six  intercostal 
nerves  and  the  branches  of  the  anterior  division  of  the  first  lumbar,  the  contraction 
of  the  muscles  upon  the  approach  of  danger,  if  not  voluntary,  may  be  reflexly 
hastened  at  the  moment  of  extemal  application  of  force,  and  a  protecting  elastic 
barrier  may  thus  be  interposed  between  the  latter  and  the  abdominal  contents.  The 
rigidity  caused  by  the  contact  of  a  cold  hand  with  the  abdominal  surface,  preventing 
palpation  of  the  viscera  beneath,  affords  a  familiar  illustration  of  the  close  relation 
between  skin  and  muscles.  The  relation  of  the  nerve-supply  of  the  muscles  and 
that  of  the  underlying  viscera  explains  the  rigidity  of  the  belly  so  usually  seen  in 
injury  or  disease  of  abdominal  organs  (page  1683).  Finally  the  relation  of  the  čuta- 
neous  and  muscular  branches  of  the  intercostal  nerves  is  well  shown  by  the  sudden 
inspiratory  effort  caused  by  a  dash  of  cold  water  on  the  lower  thoracic  or  abdominal 
region,  six  of  these  nerves  supplying  the  intercostal  muscles  as  well  as  the  antero- 
lateral  surface  of  the  chest  and  belly. 

The  injurious  effect  of  contusions  is  diminished  by  the  presence  of  a  thick  lavcr 
of  subcutaneous  fat  or  by  the  interposition  of  a  f1eshy  omentum.  If  the  abdominal 
muscles  are  relaxed,  serious  injury  to  the  viscera  may  be  done  without  obvious 
damage  to  the  parietes.  Absence  of  ecchymosis  or  other  visible  sign  of  injury  should 
therefore  not  lead  to  an  absolutely  favorable  prognosis  until  after  the  lapse  of  suffi- 
cient  time  to  permit  of  the  development  of  visceral  symptoms. 

IVounds. — The  thinness  and  loose  attachment  of  the  skin  of  the  abdomen  favor 
the  occurrence  of  cellulitis  as  a  result  of  infection  from  superficial  wounds.  The 
superjiciai  layer  of  the  superficial  fascia  contains  the  greater  part  of  the  subcutaneous 
fat  and  covers  the  superficial  blood-vessels.  The  thickness  of  the  abdominal  wall 
depends  chiefly  upon  the  thickness  of  this  fatty  layer,  which  may  be  of  several  inches. 
An  abdominal  wound  may  therefore  be  of  considerable  depth  and  yet  be  attended  by 
little  or  no  bleeding  and  be  practically  ' '  superficial.  * '  The  deeper  layer  of  the  super- 
ficial fascia  (page  515)  is  firmer,  is  elastic,  and  in  its  lower  partis  the  vestige  of  the 
*  *  tunica  abdominalis,  * '  well  developed  in  the  horse  and  some  other  quadrupeds  for 
reinforcement  of  the  abdominal  muscles,  on  which  the  weight  of  the  viscera  comes 
more  direcdy  than  in  man.  It  is  attached  in  the  middle  line  to  the  deeper  stnic- 
tures  and  to  the  iliaccrcst,  and  bclow  Poupart's  ligamcnt  blends  with  the  fascia  lata 
of  the  thigh.  It  is  not  attached  over  the  space  bet\%'een  the  pubic  spine  and  symphy8is, 
but,  being  carried  downward  over  the  spermatic  cord,  becomes  continuous  with  the 
dartos  layer  of  the  scrotum  and  with  the  fascia  of  Colles.  Cellulitis  superficial  to  this 
layer  may  therefore  spread  in  ali  directions,  but  beneath  it  is  likelv  to  be  at  least  tempo- 
rarily  arrested  at  the  lines  of  attachment  indicated.  General  emphysema,  efhisions  of 
blood.  and  collections  of  pus  have  for  a  time  similar  limitations.  They  are  apt  to  be 
guided  l)y  this  fascia  into  the  space  betiveen  the  spine  and  the  svmphj^sis  and  to  descend 
into  the  scrotum  and  towards  the  perineum,  where  the  lateral  attachments  of  Colles* s 
fascia  to  the  margins  of  the  pubic  arch  and  i)osteriorly  to  the  base  of  the  triangular 
ligamcnt  prcvent  tht'ir  spreading  in  those  dirrctions.  More  usually  the  extravasa- 
tion — blood,  pus,  or  urine — gains  this  subfascial  space  below,  as  from  rupture  of  the 
urclhra  anterior  (infcriur)  to  the  triangular  ligamcnt  (page  1932;,  and  ascends  to  the 
alKloinni  bv  the  siuni.*  nnile,  lK*ing  preventcd  from  crossing  the  mid-line  or  descend- 
ifiv:  to  ihc  thighs  l)y  the  attachments  of  the  d<?q)  laver  of  the  superficial  fascia  that 
have  been  ilcscrilK-d. 
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Wounds  involving  the  mtiscular  layers  of  the  abdominal  wall  may  gape  widely, 
but  the  differing  directions  of  the  fibres  of  the  external  oblique,  internal  oblique, 
and  transversalis  tend  to  limit  this  j  ust  as  they  lessen  the  after-risk  of  ventral  hernia 
and  favor  certain  physiological  acts,  as  the  emptying  of  the  bladder,  the  bowels,  or 
the  utenis.  This  diflference  of  direction  is  taken  advantage  of  in  gaining  access  to  the 
abdominal  cavity  in  some  opefations  (page  535). 

Infection  in  the  lateral  intermuscular  spaces  usua]]y  spreads  rapidly  on  account 
of  the  abundance  of  loose  celhilar  tissue.  The  cellulitis  or  resulting  abscess  (or 
coUection  of  blood  or  air)  wiU  be  limited  by  the  semilunar  line  in  front,  by  the  costo- 
chondral  arch  above,  by  Poupart*s  ligament  and  the  crest  of  the  ilium  below,  and  by 
the  edge  of  the  erector  spinae  behind  ;  in  other  vvords,  by  the  attachments  of  the 
muscles  between  which  they  spread  (Treves). 

Beneath  the  abdominsil  wall,  practically  making  a  portion  of  it,  lies  a  layer  of 
loose  connective  tissue — the  subperitonecU  or  subserous  areolar  tissue — which  connects 
the  jjeritoneum  with  the  parietes.  *  *  Extraperitoneal  connective  tissue' '  has  been  sug- 
gested  (Eccles)  as  a  better  name  for  it.  Infection  of  this  tissue,  whether  from  without, 
as  in  the  čase  of  wounds,  or  by  extension  from  some  of  the  viscera  lying  wholly  or 
partly  behind  the  peritoneum,  as  in  perirenal  abscess  or  certain  forms  of  appendiceal 
abscess,  is  likely  to  spread  widely.  Abscesses,  especially  if  chronic,  often  gravi- 
tate  into  the  iliac  fossa  and  are  arrested  at  Poupart's  ligament  by  the  junction  of  the 
transversalis  and  iliac  fasciae,  constituting  a  form  of  tiiac  abscess.  If  they  are  incised 
here,  it  will  usually  be  necessary  to  go  through  only  the  abdominal  muscles  and 
aponeuroses,  including  the  transversalis  fascia,  as  the  looseness  and  abundance  of 
the  subserous  tissue  \vill  have  permitted  the  abscess  to  dissect  ofF  and  push  upward 
the  peritoneum.  If  the  patient  is  supine,  pus  in  the  iliac  fossae — i.e.,  in  the  shallow 
lower  zone  of  the  abdomen — may  gravitate  into  the  deep  lateral  recesses  of  the 
middle  zone  (page  161 5),  and  it  often  takes  this  direction  in  cases  in  which  the 
source  of  infection  is  an  appendix  situated  behind  the  ci^cuni.  It  should  be  noted 
that  a  true  iliac  abscess  is  beneath  the  iliac  fascia,  and  is  therefore  more  apt  to 
be  guided  by  that  fascia  to  the  lo\vest  point  of  the  ilio-psoas  space  and  to  pass 
with  the  ilio-psoas  muscle  into  the  thigh.  pointing  at  the  outer  side  of  the  femoral 
vessels. 

The  laxity  of  the  subserous  tissue  favors  certain  retroperitoneal  operations — 
^.^.,   uretero-lithotomv — by   permitting    the    stripping  for\vard  of   the    peritoneum 
itself.     The  relatively  great  resistant  po\ver  of  the  side  of  the  peritoneum  in  contact 
urith  this  tissue    is   subsequently   described  (page  1754).     The  fat  contained  in  this 
layer — greatest  in  the  lumbar  region  (permephric  /at)  and  in  front  of  the  bladder  in 
the  space  of  Retzius  (the  triangular  interval  defined  by  the  svmphvsis  pubis,  the 
Uadder,  and   the   peritoneum),   and  abundant  in  the  inguinal   and  iliac  regions — 
xnay  serve  as  a  guide  in  approaching  the  peritoneum  by  incision,  or  may  mislead  if 
mistaken   for  the  omental  fat.     The  lat  ter  error  has  resulted,  as,   for  example,  in 
"^peration  for  ovarian  cvst,   in  regarding  the  peritoneum  as  the  cyst-wall,   and  in 
"^letaching  it  from  the  parietes  over  a  \vide  area.     This  fat  occasionally  works  its  way 
ithrough  intervals  betvveen  the  fibres  of  the  overlving  fascia  or  muscles,  especially 
^long  the  linea  alba,  and  constitutes  the  subserous  lipomata,  which,  if  large  enough, 
■are  sometimes  thought  to  be  irreducible  ventral  hernire.     The  laxity  of  the  subse- 
xous  areolar  layer  between  the  bladder  and  the  posterior  surface  of  the  symphysis 
pubis  permits  the  peritoneum  to  be  carried  up  on  the  summit  of  a  distended  bladder 
<sis  it  rises  into  the  abdomen  and  thus  facilitates  extraperitoneal  access  to  the  an- 
Terior  vesical  wall  (page  191 2).     Its  looseness  over  the  iliacus   muscle  is  a  factor 
in  the  formation  of  the  sac  of  inguinal  hernia  (page  1767).     \Vounds  of  the  abdom- 
inal   wall   dividing  this  subserous  laver,    but    leaving   the    peritoneum  imtouched, 
should  practicallv  be  classified  among  iion-penetratimr  \vounds,  although  in  a  sense 
the   abdominal    cavity    has    been    opened.       The  svmptoms  and  dangers  of  infec- 
tion will  be  as  abo\'e  enumerated.      Wounds  involving  the   peritoneum  are  called 
J>enetrating  wounds,  the  dangers  of  \vhich  have  been  considered  in  the  section  on 
the  peritoneum. 

In  the  closing  of  abdominal  \vounds  the  irregularities  that  mav  result  from  the 
differing  directions  of  the  muscular  fibres  involved — causing  greater  retraction  at  one 
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point  than  at  another — should  be  remembered.  This  may  make  accurate  sutunng 
in  layers  difficult,  but  such  suturinjj,  to^ether  with  careful  approxiniation  of  the  edges 
of  the  peritoneal  layer,  is  necessary  to  lessen  the  risk  of  ventral  hernia. 

The  respiratory  movements  prevent  the  attainment  of  absolute  rest  during  the 
healinj^  of  abdoniinal  wounds,  as  they  do  after  fractures  of  ribs  ;  but  in  both  cases 
apj)roximate  rest,  as  securcd  by  strapping  with  adhe*sive  plaster  or  by  abdofnina] 
binders,  gives  excellent  average  results. 

THE  LOIN. 

The  posterior  abdominal  wall  is  in  far  less  intimate  association  with  the  pen- 
toneum  or  the  small  intestine,  and  is,  in  its  relation  to  injury  or  disease,  of  less 
importance  than  the  antero-lateral  walls,  but  it  will  be  convenient  to  consider  it  and 
the  loin  here.  Contusions,  if  over  the  ilio-costal  space, — the  posterior  segment  ol 
that  portion  of  the  abdominal  wall  which  has  no  bony  protection, — are  apt,  if  sever« 
enough,  to  result  in  injury  to  the  friable  kidneys(page  1891)  rather  than  to  the  rela- 
tively  strong  and  elastic  ascending  or  descending  colon.  IVounds,  if  they  pass 
through  the  entire  thickness  of  the  wall,  may  involve  either  of  thes«i  structures. 
When  they  become  infected,  the  resulting  cellulitis  or  abscess  will  be  iniluenced  as  to 
the  direction  it  takes  and  in  its  limitations  by  the  various  fasciie  and  muscular  sheaths. 
The  subcutaneoHs  comicctive  tissuc  is  loose  and  abundant,  and  is  frequently  the  seat 
of  sui>puration  or  of  extensive  collections  of  blood  vvhich  gravitate  towards  the  Uiac 
crest  or  pass  below  it.  The  boundaries  of  effusion  into  the  intcrmuscular  spaces 
external  to  the  edge  of  the  erector  spinie  have  already  been  described  {vide  supru), 
VVithin  the  musculo-aponeurotic  compartments  made  by  the  splitting  of  the  strong 
Uimbar  fascia  into  three  layers  (page  508)  and  enclosing  the  erector  spinse  and 
auadratus  lumborum  muscles  the  products  of  suppuration  may  for  a  tirne  be  con- 
hned.  The  middle  and  posterior  layers  are,  moreover,  very  dense  and  resistant,  and 
therefore,  as  thev  form  the  sheath  of  the  erector  spina',  that  muscle  is  rarely  the  seat 
of  abscess  of  other  than  vertebral  origin  ;  beginning  in  caries  of  the  neural  arches, 
however,  an  abscess  may  ciirectly  penetrate  the  muscle  between  its  fibres  of  origin  or 
insertion.  The  anterior  layer,  sej>arating  the  quadnitus  lumbonnn  from  the  sub- 
serous  areolar  tissue,  is  very  thin  and  is  coniinuous  \vith  the  transversalis  fascia.  For 
this  reason,  al)scesses  originating  about  the  kidney  or  around  the  Ctccum  or  sigmoid 
not  infrequently  perforate  this  hiyer  and  piiss  either  direcdy  through  the  outer  third 
of  the  thin  quadratus  lumborum  external  to  the  erector  spinje  (which  buttresses  its 
inner  t\vo-thirds )  or  through  the  transversalis  fascia  external  to  the  quadratus.  H 
they  are  high  (perirenal),  they  may  follow  the  last  dorsiil  ner\'e,  which  pierces  this 
fascia  and  the  transversalis  muscle  just  bclow  the  last  rib,  and  may  then  make  their 
way  through  the  internal  oblique  and  appear  at  the  outer  border  of  the  erector 
spinie  ;  or  they  may  gravitate  to  the  triangle  of  Petit, — the  interval  between  the 
crest  of  the  ilium  (its  base)  and  the  converging  edges  of  the  external  oblique  and 
latissimus  dorsi, — \vhere.  ;is  the  floor  of  the  triangle  is  formed  by  the  internal 
oblique,  they  \vill  be  subcutaneous  as  soon  as  they  have  perfonite<i  the  latter  muscle. 
An  abscess  of  lovver  origin  Cpericjecal,  pericolic)  may  reach  the  same  space  by  fol- 
lowing  the  ilio-hvpogastric  branch  of  the  first  lumlxir  ner\'e. 

Abscesses  in  the  lumbar  subscrous  anolar  tissue  are  more  frequent  on  the  rigfht 
side,  on  account  of  the  presence  of  the  appendix.  Like  abscesses  of  perinephric 
origin  occupying  the  same  situations,  they  may  oj)en  into  the  colon  or  sigmoid.  As 
this  tissue  is  continuous  Ik*1()\v  \vith  the  corresponding  laver  in  the  pelvis,  abscesses 
originating  there  may  ascend  and  appear  at  one  or  other  of  the  various  points  de- 
scril»eii.  True  iliac  al)scesses  {vide  supra)  are  brneath  the  iliac  fascia,  which  is  con- 
tinuous  \vith  the  trans versiil is  fascia  at  }*oupart's  ligament,  but  encK>ses  the  ilio-psoas 
muscle  in  a  definite  compartmeni.  weak  brlo\v,  where  the  fascia  accom])anies  the 
muscle  l)eneath  Pt>upart's  ligament  to  bccume  the  i)ectineal  fascia.  The  upper  part 
of  this  fascia,  covering  the  f)soiis  musck-.  is  thinner  and  less  resistant  than  the  lower. 
Al>sci*ssc*s  l>eginning  in  discase  of  the  lunihar  spine  mav  penetrate  directly  into  the 
muscular  sul)stance.  Those  beginning  in  llur  thoracic  spine  are  oiten  so  limited  an- 
teriorly  by  the  intermil  arcuate  ligament  antl  posleriorly  by  the  spine  and  last  rib 
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that  they  are  diverted  into  the  psoas  sheath  between  those  slips  of  origin  of  the 
muscle  which  come  from  the  bodies  of  the  vertebra;  and  those  which  come  from 
the  transverse  processes.  Often  the  pus  descends,  as  in  iliac  abscess,  to  point  on 
the  thigh  external  to  the  femoral  vessels,  but  not  infrequently  it  passes  under  the 
extemal  arcuate  ligament  or  penetrates  the  psoas  sheath  at  its  outer  edge  and 
the  anterior  layer  of  the  lumbar  aponeurosis  (to  which  it  is  there  attached)  and 
points  in  the  loin,  in  which  čase  it  may  be  mistaken  for  one  of  the  abscesses  origi- 
nating  in  or  spreading  through  the  subserous  areolar  tissiie. 

In  the  typical  psoas  abscess  the  thigh  is  flexed  to  relax  the  muscle  and  its 
sheath  and  to  lessen  the  compression  of  the  lumbar  nerves  which  are  contained 
within  it.  It  will  be  observed  that  a  psoas  or  a  true  iliac  abscess  is  in  close  relation 
to  these  nerves,  but  is  separated  from  the  iliac  vessels  and,  except  at  the  upper  por- 
tion,  from  the  genito-crural  nerve  by  the  thick  iliac  fascia.  Iliac  aneurism  may, 
however,  by  pressure  cause  flexion  of  the  thigh  and  pain  in  the  course  of  the  same 
nerves. 

LANDMARKS  AND  TOPOGRAPHV   OF  THE  ABDOMEN. 

1.  The  bony  and  cartilaginous  strudures  that  constitute  the  apparent  limits  of 
the  abdomen,  and  that  are  either  visible  or  palpable,  are  as  follows  : 

(a)  The  tip  of  the  ensiform  cartilage,  on  a  level  with  the  lower  part  of 
the  body  of  the  tenth  dorsal  vertebra.  (^)  The  sevaith^  eighth,  ninth^  and  ttfith 
cosial caHilages,  forming  the  lateral  boundaries  of  the  infrasternal  fossa  (Fig.  173, 
pap^e  171).  A  notch  that  may  be  felt  on  the  costal  border  indicates  the  point  of 
union  of  the  tip  of  the  tenth  to  the  edge  of  the  ninth  cartilage  (Woolsey).  (f)  The 
tips  of  the  eleventh  and  tivelfth  costal  cartilages  are  free,  except  as  they  are  con- 
nected  with  each  other  by  the  intercostal  and  abdoniinal  muscles.  Sometimes  the 
twelfth  rib  is  rudimentary  and  does  not  projcct  bevond  the  external  edge  of  the 
erector  spinae  muscle.  Hence  in  planning  operations  that  open  the  abdominal  cavity 
just  below  that  rib — as  in  nephrotomy — it  is  well  to  count  the  ribsfromabove  ;  other- 
wise  the  pleura  might  be  opened  by  mistake  (Fig.  1581).  (  ^)  The  spines  of  the 
lumbar  vertebra^  corresponding  to  their  bodies  and  rcpresenting  the  posterior  bony 
wall  of  the  abdomen,  are  useful  landmarks.  Their  relation  to  the  abdominal  con- 
tents  as  to  level  has  been  described  (page  148).  (r)  The  crest  of  the  ilium^  the 
anterior  and  posterior  iliac  spines^  and  the  pubic  spine  and  symphysis  have  been 
described  (page  349). 

2.  The  skin  is  usually  creased  or  furroued  in  proportion  to  the  amount  of 
subcutaneous  fat  or — in  thin  persons — to  the  muscular  development.  In  fat  per- 
sons  two  deep  transverse  furro7vs  form  across  the  abdomen.  In  the  upper  one, 
which  intersects  the  umbilicus,  the  latter  may  be  completely  concealed.  The  lower 
one  runs  Just  above  the  crest  of  the  pubes.  Its  point  of  intersection  with  the 
linea  alba  is  a  convenient  landmark  for  the  introduction  of  the  trocar  in  suprapubic 
tapping  of  a  distended  bladder.  It  is  of  use  in  the  diagnosis  of  femoral  hernia 
(page  1774). 

In  cases  of  ankylosis  of  the  hip-joint  transverse  creases  may  be  seen  running 
across  the  belly  bet\veen  the  umbilicus  and  the  pubes.  Thev  are  produced  by  the 
freer  bending  of  the  spine  that  is  apt  to  occur  in  such  cases,  the  absence  of  some  of 
the  simpler  movemcnts  of  the  hip-joint  in  flexion  and  extension  being  compensated 
for  by  increased  motion  of  the  vertebral  column  (Treves). 

The  strice  gravidarum  are  sinuous,  silverv  streaks,  resembling  scars,  that  follow 
atrophy  of  the  connective-tissue  layers  of  the  skin  from  stretching  due  to  abdom- 
inal distention,  as  in  pregnancv,  ovarian  cysts,  or  ascites. 

3.  Interninscnlar  or  Interfascial  Markings. — The  Unca  alba — the  fibrous  raphe 
formed  by  the  union  of  the  sheaths  of  the  recti  at  their  inner  borders — may  be  seen 
as  a  very  shallovv  groove  extending  from  the  ensiform  cartilage  to  the  umbilicus. 
Below  the  tip  of  the  xiphoid  this  may  be  a  (juarter  of  an  inch  in  breadth,  and  it 
is  apt  to  be  slightlv  \vider  just  above  the  umbilicus.  From  a  little  belo\v  that  level 
—one  to  two  inches — it  cannot  bo  seen,  as  until  it  nears  the  symphysis  it  is  merely 
a  line  of  fibrous  tissue  rcsulting   from  the  coalescence  of   the  sheaths.       A  little 
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abovc  the  symphysis  it  widenii  intii  n  narrow  tmn^lc  (adminiculum),  but  is  stili 
not  visible  on  accuunt  of  thu  suprapubic  lat.  It  m:iy  bu  cui)(;enitally  much  widt;r 
than  iiormal,  or  niay  l>c  »trt-lclied  by  abduiniiial  sucllin^,  and  in  citlicr  čase  niay 
bc  thc  scat  oi  vcntnd  hcriiia.  The  absciicL'  ol  bli^jd-vcssols  in  and  over  thc  linca 
alba  and  its  ihiniiess  Icad  tu  its  selcctiun  as  thc  site  of  the  incisioii  in  inany 
abdoiTiinal  operati<ins. 

The  /ittira  semUunaris.  corruspondinji  tu  the  othcr  bordc-r  of  the  sheath  of  the 
rectus  inuscle,  niay  bc  scen  when  the  rectus  conlracts  as  a  cur\eti  line  Irom  6.5  to 
7.5  cm.  (3>ž-3  in.J  e-ttcrnal  to  the  linea  albji,  at  tlie  level  of  the  umbilicus.  with  its 

Fig.  533. 
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ci>ni-avity  invcanl,  cxtcnilinK  froni  thi-  tip  of  the  niiuh  costal  cartilage  to  the  spine  of 
ihi-  ]>iibi-s.  As  it  niarks  thc  pi>iiit  of  divisinn  t>\  the  atKlomiiial  a]vineuroeies 
(  Fiij-  5-'» '  '"  '"'■"i  t''c  sliciitli  iii  ihe  ri-(.lus.  it  alwi  inarks  a  frcqiiint  line  of  limita- 
tion  of  (rii|ihvscniatnns.  ln-mi>rrlia)iic,  or  pnnilcnt  exlravasations  in  thc  lateral  inier- 
inii>r,il,,r  spac-s  ( :■/,/,■  su^^ra  1. 

Th.'  Iin.;r  hai,s-.;;„r.  Hhi<h  mav  alsn  I.l-  sc.ei  as  shall<.w  ^ronves  when  ihe 
rcctnr.  is  in  .utimi,  and  are  most  niarkcd  in  iniiscnlar  |>('rsons.  corresiKnid  tn  the 
tcnilinuuij  intcrsciiiiuis  thal  intirnipt  thc  lon^itiidinal  tihn-s  i.f  the  rectus.  Thcv 
are    the    niiri-sfiit.itivcs  of    the  intersejjniental    sepla  which   scparatc    thc    original 
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myotoines  giving  rise  to  the  muscles  of  the  abdomen  ;  in  some  of  the  lower  verte- 
brates  (reptilesj  these  intersections  are  replaced  by  bon  v  bars,  as  seen  in  the 
abdominal  ribs  of  crocodiles  and  some  lizards  {Hatteria).  The  highest  is  about  the 
level  of  the  tip  of  the  ensiform  cartilage,  the  next  at  that  of  the  tenth  rib,  the  third 
at  the  umbiHcus.  Very  rarely  a  fourth  line  is  seen  below  this  level.  The  second 
and  third  are  the  most  constant,  and  divide  the  upper  part  of  each  rectus  into  two 
nearly  quadrilateral  portions,  easily  seen  in  athletic  subjects.  These  bands  tend  to 
prevent  overstretching  or  rupture  of  the  rectus  in  cases  of  great  abdominal  swelling 
or  of  violent  contraction.  The  anterior  sheath  of  the  rectus  is  adherent  to  these 
fibrous  bands.  Hence  an  abscess  or  a  coUection  of  blood  on  that  aspect  of  the 
muscle  may  be  confined  to  the  space  between  any  t\vo  of  them.  Posteriorly  this  is 
not  the  čase.  Spasmodic  contraction  of  the  rectus  fibres  in  one  of  these  divisions  of 
the  rectus  is  the  cause  of  one  variety  of  "  phantom  tumor,"  the  swening  appearing 
and  vanishing  with  contraction  and  relaxation  of  the  fibres, — a  phenomenon  most 
frequently  seen  in  neurasthenics,  but  \vhich  in  this  instance  may  occasionally  indicate 
a  reflex  disturbance  based  on  some  deep-seated  source  of  irritalion.  Treves  has 
seen,  for  example,  this  condition  associated  with  cancer  of  the  stomach,  duodenal 
ulcer,  and  malignant  disease  of  the  peritoneum. 

The  ingiiinal  groove  runs  \vith  a  slight  down\vard  curve  from  the  anterior 
superior  iliac  spine  to  the  puhic  spine  and  corresponds  to  Poupart's  ligament.  As 
this  latter  structure  results  from  a  thickening  of  the  lowest  fibres  of  the  aponeurosis 
of  the  external  oblique,  and  as  the  intcrnal  oblique  and  transversalis  muscles  arise 
from  its  outer  half,  it  follows  that,  by  reason  of  its  dircct  continuity  with  the  fascia 
lata,  extension  of  the  thigh  on  the  trunk  increascs  the  tension  of  the  anterior 
abdominal  wall.  Hence  in  abdominal  exaniinations  the  thighs  are  flexed  on  the 
abdomen  to  lessen  this  tension.  At  the  same  tirne  the  shoulders  and  trunk  should 
be  slightly  elevated  to  relax  the  recti. 

Posteriorly  the  spinal  furrow  marks  the  interval  belween  the  erector  spinae 
muscles  and  the  line  of  attachment  of  the  skin  to  the  tips  of  the  lumbar  spines. 
Farther  out  the  outer  edge  of  the  erector  spinit-  is  palpable  and  often  visible,  except 
in  very  fat  persons.  Occasionally  the  posterior  free  edge  of  the  external  oblique  may 
be  seen  when  it  is  not  overlapped  by  the  latissimus  dorsi. 

4.  The  umbilicus,  except  as  a  landmark,  is  of  chief  interest  in  relation  tohernia, 
in  connection  with  \vhich  it  will  be  dcscribed.  The  creases  around  and  between  the 
folds  of  skin  forming  the  umbilical  papilla  are  difficult  to  sterilize,  and  should  receive 
especial  attention  before  operation. 

Fistulaeat  the  umbilicus  may  be  7irinary  and  due  to  a  patent  urachus  (page  191 1), 
or  fecal,  resulting  from  a  persistent  vitello-intestinal  duct, — Meckers  diverticulum 
(page  1652). 

5.  The  Vessels. — The  most  important  artcry  is  the  deep  epigastric  (^.Z'.  )♦ 
but  branches  of  the  deep  circumflex  iliac,  the  last  t\vo  intercostals,  and  the  abdominal 
branches  of  the  lumbars  mav  require  ligation  during  various  alxlominal  operations. 
The  course  of  the  deep  epigastric  artery,  \vhich  is  sometimes  the  source  of  trouble- 
some  hemorrhage,  should  be  remcmbered  in  studving  the  anterior  wall  of  the 
abdomen.  A  line  dra\vn  \vith  a  slight  in\vard  curve  from  the  junction  of  the  inner 
and  middle  thirds  of  Poupart's  lijijamcnt  tovvards  the  umbilicus,  crossing  the  outer 
edge  of  the  rectus  muscle  about  onc-third  the  distance  betueen  the  level  of  the  sym- 
physis  pubis  and  that  of  the  na  vel,  \vill  indicate  the  course  of  the  lower  part  of  this 
vessel.  At  the  internal  abdominal  and  the  femoral  rings  it  has  important  relations 
to  hernial  sacs  Tpage  1493);  it  lies  at  first  at  the  side  of  the  rectus  in  the  subserous 
areolar  tissue,  then  in  the  transversalis  fascia,  then  \vithin  the  sheath  of  the  rectus 
(above  the  fold  of  Douglas )  behind  the  middle  of  the  muscle,  and  finallv  in  the 
muscle  itself.  It  therefore  runs  from  \vithout  in\vard  and  becomes  more  superficial 
as  it  ascends. 

With  the  exception  of  the  superior  epigastric  and  ascending  lumbar,  ali  the 
abdominal  and  pelvic  vcins  empty  directlv  or  indirectlv  into  the  inferior  vena  cava 
and  are  therefore  affected  hv  the  conditions  that  ol>struct  that  vc^sel  ;  hence  the 
superficial  veins  are  often  varicose.  Although  their  varirositv  is  usually  a  result  of 
obstruction  in  the  porlal  vein  or  inferior  vena  cava,  it  may  occur  independently  of 
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obstructive  cause,  as  do  many  cases  of  varicose  veins  of  the  lo\ver  extreinity,  and 
may  be  very  large  and  extremely  tortuous  {caput  medusce). 

The  niechanisni  of  the  production  of  tljis  form  of  varicosity  by  ]X>rtal  obstnic- 
tion  will  bc  more  readily  uiidcrstooci  by  reference  to  V\yr,  534,  \vhich  also  explains 
other  phenomena  associated  with  that  condition. 

The  superficial  epijjastric  vein  is  often  visible.  Throuj^h  its  anastomosis  with 
the  deep  and  superior  epigastric  veins  it  is  connected  with  the  portal  and  parumbilical 
veins  and  may  be  enlarged  as  a  symptom  of  hepatic  disease  (page  1727). 

The  area  of  redness  alx)ut  the  umbihcus  seen  in  some  forms  of  i>critonitis  is 
probably  due  to  inflammation  extending  along  the  obhterated  umbilical  veins 
(pa^e  1757). 

The  surface  veins  alx)ve  the  umbilicus  empty  into  the  axilla  and  those  below  that 
level  into  the  groin,  but  the  venous  currents  may  be  reversed  by  disease.  For 
example,  the  superficial  epigastric  and  superficial  circumflex  iliac  normally  enipty 
into  the  interna!  saphenous  vein  a  litde  below  Poupart's  ligament.  In  cases  of 
obstruction  of  the  inferior  vena  cava  the  blood-current  is  reversed  (as  it  is  in  the 
corresponding  deep  veins),  they  enlarge,  and,  by  anastomosing  with  the  superior 
epigastric,  internal  mammary,  and  thoraco-epigastric  veins,  carry  blood  from  the 
lower  liml:«  into  the  axillary  or  innominate,  and  so  into  tlie  superior  vena  cava. 

In  hepatic  obstruction,  although  the  superficial  epigastric  may  become  varicose 
(through  its  connection  \vith  the  parumbilical  and  portal  veins),  this  reversal  of  the 

blood-current  does  not  occur 
Fig.  534.  in  it,  as  may  be  shown   by 

emptying  the  vein  by  press- 
ure  and  ol>ser\'^ing  the  di- 
rection  of  the  current  as  it 
refills. 

The  superficial  lymphaHcs 
of  the  abdominal  wall  below 
the  umbilical  level  empty  into 
the  nodes  at  the  groin,  those 
above  that  level  into  the 
nodes  in  the  axilla. 

6.  The  furves  of  the 
abdominal  wall  (page  535) 
ha  ve  already  been  described 
in  their  relation  to  various 
dinical  phenomena  ( pages 
1683,  1755).  In  addiDon,  it 
should  lx^  said  here  that  the 
definiteness  of  the  relation 
in  nerve-supply  between  cu- 
taneous  areas  and  abdominal  organs  is  often  of  great  value  in  diagnosis.  As  the 
sixth  to  the  twelfth  thoracic  and  the  first  lumbar  spinal  segments  aid  in  the  nerve- 
supj)ly  to  the  abdominal  viscera,  and  as  the  corresponding  spinal  nerves  supply  the 
skin  of  the  alxl()men,  pain  due  to  visceral  disease  is  often  referrcd  (through  thecom- 
municating  branches  with  the  splanchnic  and  the  sym|)athetic  visceral  nerves)  to  the 
peripheral  terminations  on  the  skin  of  the  alxiomen,  \vhich  may  even  be  sensitive  to 
the  touch. 

It  is  p<>ssi!)le  to  maj)  (»ut  appn)ximately  on  the  surface  the  area  of  distribution 
of  the  cutaneous  l)ranches  frc»m  each  of  these  sej^ments  (Fig.  535). 

Head  has  assncialed  as  follous  these  areas  ( vvhich  are  ahii(»st  identical  wilh  the 
arras  of  distribution  of  the  corrrsjMUKling  spinal  nerves)  and  tlu'  visceni  in  dosest 
C(»nn(»:li<ui  \vilh  thcni  : 

riu"  >i\th.  sevtrnth.  eighth.  and  ninih  thoracic  segments  \vith  the  stomach  ;  the 
ninth,  iintli,  eleveiitli,  and  tut-lfth  thoracir  segments  \vith  the  intestinal  tract  ;  the 
sevtnth,  cij^hth.  ninth,  and  ti-nth  thoracic  scirmmts  \vith  the  liver  and  gall-bladder ; 
the  tenth,  elevt-nth,  and  tvvchih  thoracic  and  the  first  hmil)ar  segment  with  the  kid- 
ney  and  ureter  ;  the  secund,  third,  and  fourlh  sacral  \vitli  the  rectum. 


CAmrr 

MCOUtAC 

Diagram  showinff  anatomical  relations  of  certaiii  rlinical  phenomena  in 
cirrhosisof  liver.     {A/tfr  Harr  amd  Taylot .) 
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The  distribution  to  the  pelvic  organs »ill  be  considered  later,  but  it  may  be  said 
here  thal  the  pelvic  viscera  are  supplied  from  the  fifih  luinbar  to  ihe  fourth  sacral 
segment  and  tliat  no  visceral 

branchea    emerge  from    the  Fig.  jhi. 

second,  third,  or  fourth  lum- 
bar  segments. 

Division  of  any  of  the 
motor  nerves  inierferes  »ith 
the  function  and  ultimately 
with  the  iiulrilion  of  that 
portion  of  the  musculature 
of  the  abdominal  wall  that  is 
supplied  by  them,  giving  rise 
to  weakness  over  that  area, 
iavoring  the  devetopment  of 
ventral  hernia,  and,  if  ex- 
tensive,  interfering  with  the 
physiological  action  of  those 
muscles  in  deCecation,  urina- 
tion,  or  parturition. 

For  dinical  purposes 
these  nerves  may  be  divided 
into  three  groups  (Eads): 
(a)  the  seventh  and  eighth 
intercostala  ascend  obliquely 
and  supply  the  u|iper  third 
of  the  abdominRl  uall  ;  {6) 
the  ninth  and  tenth  intercos- 
tals  run  horizontally  inward 
and  supply  the  middle  third  ; 
(c)  the  eieventh  intercostal, 
the  last  thoracic,  and  the  ilio- 
hypogas trie  and  iiio-inguinal 
nerves  run  obliquely  down- 
ward  and  inward  and  supply 
the  lower  third. 

It  is  obvious  that  \-erti- 
cal  incisions  elseu*herc  than 
in  the  linea  aiba  (the  nerves 
do  not  cross  the  mid-line) 
will  divide  a  largc-r  number 
of  these  nerves  and  result 
in  more  extensi\e  atrophy  of 
abdominal  wall  than  uill  in- 
cisions more  nearlv  parallcl 
»ith  the  nerves  and,  vvhen 
possible,  with  the  chicf  mus- 
cular  tibres  of  the  rcgion  in- 
volved. 

TAf  Anahmiv  of  Ab- 
dominal Incisions. — A  dia- 
gram matic  rep  resen  tati  on  of 
the  stnictures  of  the  alHlom- 
inal  w'all  in  their  relation  to 
the  most  important  inci.sii>ns 
may    help    to  eliicidale    the 

practical  application  of  some  of  the  aUive-mentioned  f;uls.  It  sliould  be  iioted  that 
in  many  of  these  iiiciMons  thi-  appro.\imatdy  panilicl  librt-s  of  the  inlcrnal  obHque 
and  transversalis  (uht-n  tbcv  are  both  muscularj  mav  lx-  ngank-d  as  one  layer  and 


Difrnm  of  ilislnbu 
iloiCunnlnElian.  il 


>  iicrva,  baml  oii  ligui«i  dI  Hisse 
iK  inpiilied  b>-  liidimcil  ntrv«  are 
nvn  iikree  the  ilnii  lascia,  1''. 
:   t: A.  )rvat  aurii-uUti  tio.  SO. 


Bnaler  inrt  snialkT  miiniLil .  .,-, „ _, 

r.iavitul!ir.«tiil!iironiii>ll>riiiithB.iilt.ii|ini.-1avicii1ar(.Sl/>;0..>rciim(ie« 
.IA'.nsiiMiihr^dral:  ///,  mim-.«i.^hiiin.-ra1 ;  /./L. /I'.  IrssiT  mlctnalam 
inleriul  fulanemn:  /fC.  vxl>.-mal  <.'iil»nn>uii :  ///.  l1lohvtiDK^<i''>':  /'•  "i" 
iiiiniiiui] :  7t.  lasi  ihma.-k-;  (.C.  Kiiiii.i-i-nirjl :  AC  titvmal  i-utanroiu 
.V(  ■.  miiMljniciiH-Bi* :  /C.  inti-niar. mane.  m* :  P.  i.udir :  .MS',  unall  uriatU- 
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•flNimtnl  t>n  thc  siimc  line.  No  eHort  has  b<:cn  made,  therefore,  to  3how  the  tatter 
miisok-  in  i\w  iliuKriim. 

liicisions  NoH.  i,  2.  aiid  5  arv  throLi^h  the  linea  alba.  No.  3  being  carried 
ariniml  tlit-  iiiiitiilit-iis  lo  tln-  Itit  to  nvoid  tlie  piirumbilical  vdn  and  the  round  li^- 
mcnt  of  tlu"  liviT.  Thc  chlcf  inUatitiitje  Is  the  accfssibilily  to  the  uhole  caviiy 
afforiltli  l>y  i)rotoiiniiin  the  incisioii.  The  slight  vastularity  of  tht-  nietlian  raphe 
and  the  thiniies.s  nI  ihe  atnlonilnul  wall,  while  operative  advantagcs,  tcnd  to  favor 
the  later  production  iif  liiTiiia. 

Incision  No.  4  com)ii[ie:>  ihu  disadvantages  of  thc  incisions  ihrough  the  linea 
allia  with  thu  addid  intcrferciice  wilh  the  nerve-supply  to  the  rectus, 

Incision  .No.  5  (McBuniLV)  has  hcen  described  [^paj-e  1685).  It  represents 
nieretv  tht:  se]iaraiUin  of  thc  apoiieiirotic  tihres  of  the  external  oblique  ;  the  dceper 
woiind  separates  thc  intcnial  ol>hqiie  and  tran.sversalts  tibres  transver9ely.       It  may 


be  noted  that  its  inward  extcnsion  (Wi 


f  f|>:iu'L-  1633). 
nsi..n  .No.  y-th..-  v<;rtic 
iy  (Hmvs.-,    .mii:,tdiv 
lu-inlv  that  jKirtinn  ni  t 
ly/i-d.irid.ltlabl-|..,„ 


if  it  in\'otves  division  instead  of 
of  the  rectus  (page  1685), 
woiild  equally  avoid  ner\-e-trunks,  but 
might  involve  ligation  of  tlie  decp  epi- 
gastric.  The  r(.'suiting  scar  in  the 
reotus  Moold,  hoivevcr,  nierely  add  in 
effect  another  /inea  /ransfersa  and  ' 
Hould  not  inipair  the  efiiciency  of  that 
muscie. 

Incision  No.  6  (Eads)  separates 
thc  same  striictiire:j,  biit  affords  a  bet- 
tcr  opportiii)ity  for  ajiproach  to  many 
ap])endicnUir  absces.scs  nithout  going 
throiinh  the  ptritoneal  cavity  (page 
1685). 

The  incision  for  ingiiinal  colos- 
toniy  (page  1688)  may  be  made  on  the 
same  hnes  as  those  jiist  described. 

Incision  No.  7,  after  division  of 
thccxtemal  obhqiic,  permitsthesepa- 
ralion  of  the  fibres  of  (he  intemal  ob- 
Ii(]tie  and  nf  the  upper  abdomina)  in- 
tcrcostal  nerves.  which,  hke  the  oihers, 
run  lH'neath  that  muscie,  and  is  used 
to  gain  access  lo  the  gall-bladder 
rc^-ion. 

Incision  Nn.  8  aiso  rcspects  the 

fiijhth  intercostal  nerves  and,  when 

■lopinciit  of  a  valviilar  or  sphincteric  aciion 


m  ihroiinh  thc  rectus  reconimendi-d  for  gas- 
it- thc  terminal  Imnichi-s  of  the  intercostal  ner\-es.  and 
<:  miisdc  liistal  lo  tht*  line  of  division  »ill  1«  ueakened 
ilrilmtc  ti.  ihc  fiirmalioii  i>f  a  sphincler  (  Eads). 
Tb.-  iri.i,i..n   for  Ininli.ir  .  ..|ii>i.,riiy  bas  lieen  described  (page  1688).     The  re- 
mainiii^;  iii.i^ii.ris  thr'ni,;h  lin-  loin  mav  In-  nmre  appropriatdv  considcreti  in  relation 
t.,  ihc  ai.pr.M.-h  I',  tb.-  kirin-v^  ur  iirctcrs  'paKc  1S94). 

.lihitoiiii,.!/  R,h,li„ii^  l;„,i„^  on  tlu-  ILvaiiiinalhii  of  th,-  Ahdomni.—Wxrnf.  has 
siii:j;.M'"l  mili/inu  tli.-  (ix.-d  ati'l  Hraiitons  rmHi- i>f  thc  colon  (Fig.  1383)  to  subdi- 
viilc  ihi-  aliiii.miii.il  laviiv  l.v  t.ikini;  thc  innir  ur  nH'>ial  lavcrs  of  thc  longittidinal 
in.-...-.,|.„i-  ,.nd  tli.-  inf.Ti.ir  l;iycr  of  thc  transv.-rsc  ni.-s..c<.l<m  as  the  dividing  lines. 
\Vi'  w..iild  ihm  iibtain  foiir  r.-i^i..ii-.,— naiiiciv.  r  I  1  ihc  central  rcgion  siirnumded  by 
nic>'n.,!iiti.  .  ;)  thc  Mip.ricr  nvimi  lyin>;  almvc  ihc  lransvcrw  mcsocolon,  (3)  th« 
rii;Jit  [.'.st.ni-lai.Til  ami  14  >  ih.-  U-fi 'pi.st,.ri.-lau-ral  rcgii.ns  Iving  e.xternal  10  and 
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those  organs,  and  often,  when  they  overlap  its  boundaries,  displace  the  colon  in 
definite  directions. 

The  course  of  the  colon  being  made  apparent  by  inflating  it  with  air,  it  niay 
therefore  be  said  that : 

1.  Growth  in  the  central  v^on  \vould  include  tumors  of  the  onientum,  mesen- 
ter)',  small  intestine,  and  peritoneum,  man  v  retroperitoneal  tumors,  and  such  growths 
afiecting  the  female  generative  apparatus  as  rise  froni  the  pelvis  into  the  abdonien. 
In  the  latter  čase  the  csecum  and  sigmoid  uould  be  displaced  upward  and  outuard. 

2.  Tumors  beginning  in  the  superior  region  would  include  those  of  the  liver, 
gall-bladder,  stomach,  lesser  omentum,  spleen,  and  pancreas.  Harris  calls  attention 
to  the  fact  that  pancreatic  cysts  ha  ve  usually  been  mistaken  for  ovarian  cysts, 
although  the  former  almost  always  displace  the  transverse  colon  downward.  They 
also,  being  retroperitoneal,  carry  it  forward,  while  tumors  of  the  spleen,  although 
they  cause  downward  displacement  of  the  colon,  especially  of  the  splenic  flexure, 
override  it  and  hug  the  anterior  abdominal  \vall.  Enlargcment  of  the  gall-bladder 
similarly  tends  to  depress  and  to  overlap  the  right  half  of  the  transverse  colon. 

3  and  4.  In  the  posiero-laieral  or  extenial  regions  the  most  common  tumors  are 
those  of  the  kidneys  ;  but  as  they  are  aH  retroperitoneal,  they  tend  to  carry  the 
ascending  or  descending  colon  forvvard  as  well  as  inward.  There  are,  of  course, 
exceptions  to  these  relations, — as,  for  example,  in  the  čase  of  a  movable  kidney, 
which  mav  be  displaced  so  as  to  carry  the  inner  laver  of  the  mesocolon  for\vard  and 
]nward  and  so  have  the  colon  Iving  to  the  outer  side, — but  they  are  rare,  and  the 
anatomical  relations  described  are  of  distinct  diagnostic  value. 

Bowlby  has  formulated  the  anatomical  reasons  for  first  exploring  the  right  lower 
half  of  the  abdomen  in  cases  of  intestinal  obstruction  of  douhtful  origin.  He  says 
that  here  are  to  be  found  :  {a^  the  appendix  :  C^)  intestinal  diverticula  perhaps 
attached  to  the  umbilicus  or  to  the  neighboring  mesenterv  ;  {c)  a  common  site  for 
volvulus, — that  is,  the  caecum  ;  (^  )  a  usual  site  for  the  lodgment  of  an  impacted  gall- 
stone, — that  is,  the  lovver  part  of  the  ileum  ;  (r)  a  common  j)lace  for  adhesions  due 
to  caseous  mesenteric  glands  ;  {/^  the  sites  of  right-sided  inguinal,  femoral,  and 
obturator  herniae.  Further,  if  the  obstruction  is  in  the  small  intestine,  it  is  in  the 
right  iliac  fossa  that  undistended  intestine  will  be  found,  and  if  this  can  be  secured 
and  traced  upvvard,  it  is  the  surest  guide  to  the  seat  of  obstruction. 

A  brief  rcstnne  of  some  of  those  svmptoms  of  abdominal  disease  having  a  definite 
anatomical  basis  will  ser\'e  to  com plete  the  consideration  of  this  important  region. 
The  patient  being  supine  \vith  the  thighs  flexed  : 

1.  Inspection  may  show  :  (^)  an  asymmetrical  suelling  referable  to  a  particular 
organ  or  region  {indc  supra^  ;  {b^  general  distention,  which,  if  due  to  ascites,  will 
cause  bulging  of  the  flanks,  the  fluid  settling  in  the  deep  lateral  recesses  of  the  middle 
zone  :  if  to  flatulence  or  intestinal  paresis,  a  more  svmmetrical  enlargement,  usually 
somewhat  emphasized  in  the  central  region  on  account  of  the  presence  there  of  the 
coils  of  thin  and  easilv  dilatable  small  intestine  :  if  to  pregnancv,  a  rounded  cen- 
tral prominence  in  the  lo\ver  abdomen  ;  (r)  retraction,  \vhich  if  extreme  (scaphoid), 
might  be  due  to  tuberculous  meningitis,  to  lead  poisoning,  or  to  other  cause  of  great 
emaciation  ;  id)  ccdema  of  the  skin,  indicating,  if  local,  an  al^cess  underlving 
and  close  to  or  in  the  abdominal  \vall  ;  (r)  enlarged  veins  {vide  svpra^  ;  (  /" )  a  flat- 
tened  umbilicus  in  ovarian  or  uterine  grouth,  or  a  pouting  umbilicus  in  ascites  or 
tuberculous  peritonitis. 

2.  Palpation  mav  disclosc  :  (a)  rigiditv  of  the  abdominal  wall,  \vhich,  if  in  the 
right  hvpochondriac  region,  \vould  suggest  gall-bladder  disease  ;  if  in  the  epigastric 
region,  stomach  ulcer  or  pancreatitis  ;  if  in  the  right  iliac  fossa,  disease  of  the  aj)pen- 
dix  or  ca?cum.  The  entire  absence  of  rigiditv  in  a  čase  of  acute  abdominal  pain, 
especiallv  if  the  latter  is  relieved  hy  pressure,  indicates  an  absence  of  inflammation 
and  suggests  irregular  or  spasmodic  peristalsis  ( colic )  as  the  cause  :  ( /^ )  pulsation 
due  to  the  uj)heaval  of  a  grouth  bv  vessels  beneath  it,  to  an  ancurismal  s\vclling,  or, 
in  the  line  of  the  vesscl  and  in  thin  persons,  to  the  pulse  in  a  normal  aorta  ;  ( r )  tender- 
ness,  \vhich  is  sometimes  misleading  on  account  of  the  association  of  visceral  disease 
and  reflected  surface  pain  (vide  supra),  P^or  example,  the  characteristic  tenderness 
of  appendicitis  is  over  McBurney's  point,  but  there  may  be  not  only  pain  but  also 
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tenderness  in  the  umbilical  region.  The  reflected  pain  of  ovaritis  may  be  beneach 
the  costal  margin  or  along  the  crural  branch  of  the  genito-crural  nerve,  uhere  su|>er- 
ficial  tenderness  may  be  elicited,  whereas  the  deep  pain  is  in  the  ovary  itself  (Mayo 
Rol>son;. 

3.  Pain  due  to  abdoniinal  disease  has  been  described  in  connection  with  the 
various  viscera  (page  1756). 

4.  Much  information  may  be  elicited  by  percussion,  as  the  dulness  in  the  flanks 
(movable  on  change  of  position)  due  to  ascites,  or  the  locaHzed  tyinpany  due  to 
volvulus  or  to  the  escape  of  gas  from  a  ruptured  appendix  into  a  surrounding  abscess  ; 
or  by  ausciiitation,  as  the  absence  of  the  usual  intestinal  sounds  when  a  general  peri- 
tonitis  has  arrested  peristalsis  ;  or  by  inflation  of  the  stomach,  as  on  distinguishing^ 
between  a  growth  of  that  viscus  and  a  retroperitoneal  tumor,  or  of  the  colon  (^viiU 
supra),  which  will  then  lie  belovv  and  perhaps  behind  an  enlarged  gall-bladder  and 
in  front  and  probably  to  the  inner  side  of  an  enlarged  kidney. 

These  and  other  procedures  are  too  technical  to  be  described  here  in  detail,  but 
are  mentioned  that  they  niay  \yQ  associated  with  the  anatomical  relations  on  which 
they  depend. 

It  should  be  noted  that  Treves  and  Keith  state  that  the  ileo-caecal  valve  corre- 
sponds  to  the  s[)ino-umbilical  line,  that  the  region  of  the  valve  in  a  normal  person 
is  usually  tendcr  to  pressure,  and  that  the  root  of  the  appendix  is  placed  more  than 
one  inch  lower  and  perhaps  more  internally.  This  statement  if  confirmed  will  ha\'e 
a  most  important  bearing  on  the  value  of  certain  symptonis  thought  to  indicate  the 
€xistence  of  appendicitis  (page  1683). 


THE  THORACIC   MUSCLES. 

(a)    THE   RECTUS  MUSCLES. 

The  rectus  abdominis,  being  supplied  by  the  lower  intercosta!  nerves,  is  evi- 
dently  a  derivative  of  the  thoracic  myotomes.  That  portion  of  the  rectus  group 
of  muscles  which  should  be  derived  from  the  upper  thoracic  myotomes  is  nomially 
unrepresented,  although  the  occasional  extension  of  the  rectus  abdominis  to  the  upper 
costal  cartilages  or  even  to  the  clavicle  is  probably  an  indication  of  it. 

{b)    THE  OBLIQUUS  MUSCLES. 

1.  Intercostales  externi.  4.    Levatores  costarum. 

2.  Intercostak*s  interni.  5.   Serratus  posticus  superior. 

3.  Triangularis  sterni.  6.   Serratus  posticus  inferior. 

Here,  Jigain,  a  considerable  [)ortion  of  the  ()hliqui  and  transversalis  abdominis 
is  deriveil  from  thoracic  mvotomes.  In  addition,  however.  a  number  of  muscles 
belonging  to  the  group  occur  in  connection  \vith  the  ribs. 

I.    Intercostalks  Externi  TFig.  537). 

Attachments. — The  external  intercostal  muscles  are  eleven  in  number, 
stretching  across  ali  the  intercostal  spaces  from  the  lower  border  of  one  rib  to  the 
up|)er  lx>rder  of  the  next.  The  tibres,  \vhich  are  largelv  interspersed  with  strands  of 
connective  tissue,  are  directed  d<)\vn\vard  and  forward,  and  form  in  each  intercostal 
space  a  sheel  \vhich  exten(ls  in  ihe  upper  s[)aces  from  the  tubercle  of  the  rib  to  the 
junctioii  of  ihe  ril)  \vith  its  costal  cartilajj^e  and  in  ihe  lo\ver  spaces  is  continued  upon 
thf  ("irtila^es.  The  interval  hclNvren  the  medial  borders  of  the  upper  muscles  and 
the  border  of  the  sterniini  is  ocrupied  hv  a  sheet  <»f  connective  tissue  known  as  the 
e.vtcrual  intercostal  fascia  or  autcrior  intercostal  apotuurosi s. 

Ncrvc-Suppiy.  Hy  the  anterior  divisions  (intercostal  ner\'es)  of  the  thoracic 
ner\(*s. 

Action. — To  dra\v  the  ril>s  up\vanl. 
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3.    Triangularis  Sterxi  (Fij;.  538). 

Attachments. — The  trian^ularis  sterni  (m.  transvcrsus  thnrads)  forma  a  thin 
shect  situated  upon  the  posterior  surface  ni  the  medial  portiun  »f  the  anteriur 
thoracic  wall.  It  arisrs  iit  one  edpc  by  a  series  (if  slipH  Irom  the  costal  cartilaf^es  of 
the  secoiid  or  third  to  the  si.\th  or  seventh  rib  ;  the  upper  tibres  are  directed  ob!iquely 
downward  and  metiiallv  and  the  lower  ones  trans\ersely  to  be  mseried  by  a  thin,  tlat 
tendon  to  the  sidcK  oi  the  lowcr  portion  of  the  sternum  and  to  the  xiphoid  process. 
The  lower  fibres  of  the  musclc  are  practicallj-  contintiouR  with  those  of  the  transversus 
abtlominis. 

Nerve-Supply. — By  the  anterior  divisions  (tnlercostal  nervesi  of  the  second 
or  third  to  the  sixtli  or  seventh  thoracic  nervc. 


Fig.  5J8- 


Action. — To  ilniiv  doivinvard  thi 
rspinuii.n. 

Relattons. — The  inn 
iurface  of  the  iiiuscle,  st-pa 


liimKulan*  tlemi  aii.l  lnH:rf«iBl  mu*.-)«. 

piirtionH  of  the  rilM  and  sn  ussist  in 


lal  niainmarv  \essels  i)ass  down' 
itiny  it  from  the  tibres  of  the  init 


ard  tipon  the  anterior 
nal  intercostals. 


4.      I.EVATI>RKS    COSTARIM  (  Fi^-   521  )■ 

Attachments. — The  levatores  cosianim  form  a  series  of  thin  iriangnlar  mus- 
ck-s  uhich  arise  froni  the  lr;ins\(-rBe  proc<>ssc-s  of  the  seventh  cervical  and  ali  the 
Ihi.rauic  vertebrie  c-x<-ept  ihc  twelfth.  Thev  are  (firected  down\vard  and  lateraHv  lo 
lie  hisi-rtfd  into  thi-  pusterior  surface  of  the  ne\t  siicciedinj;  rib  (levalorcs  costarum 
bniis^  heliveen  tht-  tiiluTcli-  and  thc'  anj;!e.  soine  uf  the  fibres  of  the  lower  tnus- 
cles  passin^  o\er  a  ril)  to  be  msi-rUd  into  the  nest  biit  one  below  (lauthres  costarum 
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Nerve-Supply.— Froni  the  anterior  divisions  of  the  eighth  cervical  and  the 
first  to  the  eleveiith  thoracic  nerves. 

Action. — To  assist  in  drawlng  the  ribs  upward.  Acting  from  the  ribs,  they 
wil]  assist  in  bending  the  spinal  column  backward  and  laterally  tonards  the  same  side 
and  in  rotating  it  touards  the  opposite  side. 

5.    Serratus  Posticus  Superior  (Fig,  539). 
Attachments. — The  superior  poslerior  serratus  is  a  quadrangular,  flat  muscle 
which  arises  by  a  flat  tendon  from  the  Iower  part  of  the  ligamcntum  nuchae  and  (rom 
the  spinous  processes  ol  the  seventh  cervical  and  upper  two  or  three  thoracic  ver-   ■ 


Fig-  539 


ard  and  laterally  to  be  insrrted  into  the  ontct 
lalcral  to  their  angles. 

isions  of  the  first  to  the  fourth  thoracic 

is  altached  and  accnrdinglv  assist  in 


tebrae.      Its  fibres  are  directed  doi 
surface  of  the  second  to  the  fifth  ri 

Nerve-Supply. — From 
nerves. 

Action. — To  raise  the  ribs  to  v 
inspiration. 

6.   Skrratus  Posticus  Inferior  CFig.  559). 

Attachments. — The  inferior  poslerior  serratus  arhis  by  a  broad  but  thin 
tendon  Irom  the  ]>ostirior  laver  of  the  lumbo-dorsiil  fascia  from  about  the  level  of 
the  second  lumbar  to  that  of  the  tenth  or  eleventh  thoracic  vertcbra.      Its  fibres  are 


542 


HUMAN   ANATOMV. 


e  inseried  i 


the  outer  suHaces  of  the  lower 
the  tweHth 


direcled  upward  and  latcrallj-  and 
four  ril)s. 

Nerve-Supply.— From   the   antfrior  divisions  of    the  ninth 
thoracic  nervcs. 

Action.— To  dr.iw  the  ribs  to  which  it  is  attachod  downward  and  outurard. 
Tlic  miiscle  cnntracts  diirinf;  inspirution  and  assists  in  this  act  by  counteractinu  the 
teni.k'ncy  which  tlie  costal  |»art  of  the  diaphragin  has  to  ejtpend  a  portion  of  its  con- 
traction  In  drauinj;  the  lower  ribs  u|>ward  and  inuard. 

Variations. — \'ariaIions  in  the  exlent  of  Ihtir  uriKJn  iire  mil  uncommon  in  l)oth  the  posterior 
srrrali.  Strttchint;  l)i.'t»'tT.'n  tlieni  there  is  aii  apoiieurosLs.  ternifd  the  verlehral  aponeurtish, 
uhirh  n.-j>n.'scnts  tliL'  (k-^imi-rali-ct  jioiiiiin  iif  a  lar^c  mi]sclr-shi.t:t  prtseiit  in  the  lower  mam- 

malia,  of  «hicii  the  two  |H)Sli.-rior  strrati  art  tht  ixrrsisti;nt  «p|H.TaTut  lowtr  (Ktnions. 

(<)    THE  HYI'OSKElJnAI.  MUSCLIiS, 
The  hjposkeletal  gronp  of  muscks  is  practically  unrej)resented  in  the  thoradc 
region. 

THE   CERVICAL   MLSCLES. 

The  Deep  Cervical  Fascia. — The  deep  cervicil  fascia  (fascla  colli)  is  a 
wcll-niarke<l  sheet  of  connective  tissue  which  h«  bcncath  tlie  platys:na  and  forms  a 
complete  in\-estnicnt  for  tliL-  neck  region,  giving  oR  from  its  deeper  surface  numer- 
ous  thin  lameli^  which  surroiind  the  various  structures  of  the  neck  region.      Po9- 

FiG.  540, 
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and,  traccil  lAIcmllv.  it  b 
s  aiul.  unitinj;  again  at  its 
iglf  of  the  neck  to  ihe 
\i(k-s  into  two  lavcre  tO 
ial  1)order  of  ihe  muscle 
tile  median  line,  where 


irder  of  the  sti-rn<i-ik-ido-niastoid,  v 
that  niiiscle.     The  two  lavcrs  a^ain  iinite  at  the 
(Uld  are  .■..ntinned  ov.t   the  ant<-ri..r  triangl<-  of   tlu-  necl 
the  iascia  UTomes  roniinuons  with  that  of  the  opposile  side. 

This  is  th<-  siipi-rfina!  lin-r  o\  the  dee]>  <-er\i<al  fascia.      Above  it  is  attached 
to  the  su[>erior  iiuclial  line  and  the  mastoid  procesa,  whence  it  is  continued  along 
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the  greater  cornu  and  body  of  the  hyoid  bone,  to  which  it  is  firmly  attached,  and 
where  it  becomes  continuous  above  with  the  deep  fascia  of  the  submentai  region. 
This  fascia  covers  in  the  anterior  belly  of  the  digastric,  the  mylo-hyoid,  and  the 
submaxil]ary  gland,  and  is  attached  above  to  the  lower  border  of  the  mandible, 
where  it  becomes  continuous  with  the  parotideo-masseteric  fascia. 

Below  the  cervical  fascia  ends  over  the  anterior  surface  of  the  clavicle,  and, 
more  medially,  in  the  inter\'al  between  the  lower  portions  of  the  tvvo  sterno-cleido- 
mastoid  muscles,  it  splits  into  two  lamelhe,  enclosing  vvhat  is  termed  the  spatium 
suprastemaU  or  space  of  Burns.  Both  the  himellie  pass  down  to  be  attached  to  the 
upper  part  of  the  manubrium  sterni,  so  that  the  suprasternal  space  is  completely 
closed.  It  contains  some  fatty  tissue,  usually  some  lymphatic  nodes,  and  the  lower 
portions  of  the  anterior  jugular  veins  ;  a  diverticulum  from  it  is  prolonged  laterally 
behind  the  insertion  of  the  sterno-cleido-mastoid  along  each  vein  as  it  passes  towards 
its  |K)int  of  union  with  the  subclavian  vein. 

From  the  under  surface  of  this  superficial  laver  a  deeper  or  middU  laver  is 
given  off  at  the  sides  of  the  neck,  and,  passing  forvvard,  assists  in  the  formation  of 
the  sheath  for  the  carotid  artery  and  internal  jugular  vein,  and  then  divides  to 
enclose  the  omo-hyoideus  and  the  othcr  depressc^rs  of  the  hvoid  bone,  a  special 
thickening  of  it  extending  dovvnvvard  from  the  intermediate  tendon  of  the  omo-hyoid 
to  the  clavicle.  Above,  the  middle  layer  is  attached  to  the  greater  cornu  and  body 
of  the  hyoid  bone  along  with  the  superficial  layer,  but  belovv  it  is  continued  down 
into  the  thorax  in  front  of  the  cesophagus  and  trachea  and  becomes  lost  upon  the 
up{>er  part  of  the  pericardium. 

A  third  or  deep  layer  of  the  cervical  fascia,  also  termed  the  preveriebrai  fascia, 
is  given  off  from  the  under  surface  of  the  superficial  layer  al>out  on  the  line  of  the 
transverse  processes  of  the  vertebne.  It  passes  al  most  directlv  inward  over  the 
scalene  and  hyposkeletal  muscles  of  the  neck,  enclosing  the  cer\ical  portion  of  the 
sympathetic  trunk  and  contributing  to  the  formation  of  the  carotid  sheath.  It 
unites  with  the  corresponding  layer  of  the  opposite  side  over  the  bodies  of  the 
vertebrae.  This  fascia  is  continued  dovvnward  into  the  thorax  in  front  of  the  verte- 
bral  coiumn  and  above  it  extends  to  the  base  of  the  skuU.  Tovvards  the  median 
line  in  its  upper  part  it  is  separated  from  the  pharvngeal  portion  of  the  fascia 
bucco-pharyngea  by  some  loose  areolar  tissue  vvhich  occupies  the  so-called  retro- 
pharyngeal  space.  This  is  continued  dovvn\vard  in  the  loose  tissue  surrounding  the 
cesophagus,  but  is  bounded  laterally  by  the  union  of  the  pharyngeal  and  prevertebral 
fasciae. 

The  carotid  sheath  is  formed  by  the  union  of  portions  from  the  middle  and  deep 
layers  of  the  cervical  fascia.  It  forms  an  investment  for  the  common  carotid  artery, 
the  internal  jugular  vein,  and  the  vagus  nerve.  f 


{a)  THE  RECTUS  MUSCLES. 

1.  Sterno-hvoideus.  3.  Sterno-thyroideus. 

2.  Omo-hyoideus.  4.   Thyro-hyoideus. 

5.   Genio-hvoideus. 

I.  Sterno-Hvoidf.us  (Fig.  541). 

Attachments. — The  sterno-hvoid  is  a  flat  band-like  muscle  situated  in  the 
front  of  the  neck  close  to  the  median  line.  It  arises  from  the  posterior  surface  of 
the.sternal  end  of  the  clavicle  and  from  the  manubrium  sterni  and  passes  upuard  to 
be  inserted  into  the  lower  border  of  the  bodv  of  the  hvoid  lx)ne.  A  mucous  bursa, 
more  constant  in  the  male  than  in  the  female,  usuallv  occurs  beneath  the  upper 
part  of  the  muscle,  resting  upon  the  hyo-thyroid  membrane  near  the  median  line 
and  immediatelv  Ik*Iovv  the  hyoi(l  bone. 

Ncrvc-Supply. — From  the  first,  second,  and  third  cervical  nerves,  through 
the  ansa  hypoglossi. 

Action. — To  dra\v  the  hvoid  bone  downvvard. 
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Varlalions. — Tlie  steriio-hyoid  inay  a' 


it  may  cMcnd  its  origin 


riirelv.  i  I 


a  level  with  Ihe 


of  Ihe  stemo-thyroid. 


2.  OMd-HvoiDEUS  (Fig.  541). 
Attachments. — The  omo-hyoid  is  a  long,  flat  muscle  consbting  of  two  bellies 
united  by  an  interniediate  tendun.  The  inferior  bellv  arises  from  the  lateral  portion 
of  thu  superior  border  and  the  supcrior  transverse  ligument  of  the  scapula,  and  19 
directcd  forward.  mediall)",  and  slightly  upvvard  to  terminale  in  the  intermcdiate 
tendon.  This  lies  behind  the  clavicular  portion  of  the  sterno-cleido-mastoid.  and  is 
enclosed  by  the  middle  layer  of  the  deep  cer\'ical  lascia,  a  speciall/  thickened 
portion  of  which  binds  it  down  to  the  postcrior  surface  of  the  clavicle  and  to  the 
first  rib,  The  superior  belly  arises  at  the  medial  end  of  the  intermediate  tendon  and 
passes  tipward  and  s]ightiy  medially  to  bc  inserled  into  the  lower  border  of  the  hyoid 
bone,  lateral  to  the  sterno-hyoid. 

Fig.  54  i ■ 


Muk-Ib  oI  the  ncvk  ;  larvni  bas  b«n  draon  loioard, 

Nerve-Supply. — From  ihe  first,  second,  and  third  cer\'!cal  ner\'es,  through 
the  ans;i  hyp<>glossi. 

Action. — To  draw  dou*nward  the  hyo!d  bone.  Aeting  from  above,  it  wiU 
assist  sli(fliily  in  drawing  iho  scapula  u|>ward.  This  miisde  mav  also  act  as  a 
tensor  of  the  cervical  fascia,  thereby  preventing  unduo  pressure  011  the  great  vesseb 
of  thi"  neck. 

Relations. — At  its  aitachment  to  the  scapula  the  inferior  belly  is  covered  by 
the  trapeziiis  aiul  the  inusclc  is  crosscd  in  the  nitddle  part  of  its  course  by  tlw 
storno-cleido-mastoid.  The  inforior  bellv  is  in  rehtion  posterioriv  «ith  the  scalene 
nuisclcs  and  thv  roots  iif  tlic  brachial  ]>lc\ns  and  sometimes  with  the  third  portion  of 
thf  sulK-Uiviini  arterv,  tht-  transversalis  colli  and  snpnisc;i|>ular  aneries,  and  the  supra- 
siapiilar  ner\o.  The  superior  bellv  crosses  llit-  cmnmon  carotid  anery  and  the 
internal  jiigular  \ein  at  the  le\el  <)f  the  cricoid  curiilage. 
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Variations. — TTie  omo-hyoid  and  the  sterno-hyoid  are  derived  from  a  muscular  sheet 

'nrhich«  in  the  Iower  verlebrates,  invests  Ihe  anterior  portion  of  the  neck  region,  I^ing  beneath 

tfie  platysma.    This  sheet  is  represented  in  man  by  the  lwo  muscles  and  the  middte  Iayer  of 

ttie  deep  cervical  fascia.     The  onio-hyoid  or  one  or  olher  of  its  bellies  niay  be  absent,  or,  on 

ttie  other  hand,  an  accessory  omo-hyoid  may  l)e  develoi>ed.     The  superior  belly  not  infre- 

<^uently  fuses  more  or  less  completely  \vith  tlie  sterno-hvoid  and  the  inferior  lx^l!y  has  some- 

times  a  clavicular  origin.     OccasionaIly  the  band  which  biiids  the  intennediate  tendon  to  the 

<rlavicle  remains  muscular,  and,  uniting  at  the  tendon  with  the  superior  belly,  produces  what 

hias  been  termed  the  cieidO'hyoideus. 

3.   Stkrno-Thvroidkus  (Fig.  541). 

Attachments. — The  sterno-thvroid  is  a  band-like  niuscle  \vhich  lies  inimedi- 
s^telv  beneath  the  sterno-hvoid.  It  ar  i  se  s  froni  the  posterior  surface  of  the  manu- 
t>riiim  sterni  and  from  the  cartilages  of  the  first  and  second  ribs,  and  passes  up\vard 
to  lx?  inserted  into  the  oblique  line  of  the  thvroid  cartilage. 

Ncrvc-Supply. — From  the  first,  second,  and  third  cervical  nerves,  through 
the  ansa  hypoglossi. 

Action. — To  draw  the  larynx  dovvnvvard. 

Relations. — Superiicially  the  sterno-thvroid  is  covered  by  the  sterno-hyoid. 
Deeply  it  is  in  relation  with  the  inferior  constrictor  of  the  pharynx,  the  crico- 
thyroid  muscle,  the  cricoid  cartilage,  the  lobes  of  the  thvroid  gland,  the  inferior 
lhyroid  veins,  the  trachea,  and  the  common  carotid  artery,  and  it  crosses  the  left 
innominate  vein. 

Vaiiations. — The  lovver  portion  of  the  muscle  is  often  crossed  by  a  tendinous  intersection, 
and  frequently  some  of  its  fibres  are  continued  directly  into  the  thyro-hyoid  muscle.  The  two 
muscles  of  opposite  sides  are  frequently  united  in  the  median  line,  sometimes  throughout  the 
greater  portion  of  Iheir  length.  at  other  times  merely  by  scattered  bundles. 

4.  Thvro-Hvoideus  (Fig.  541). 

Attachments. — The  thyro-hyoid  lies  beneath  the  upper  portion  of  the  omo- 
hyoid.  It  arises  below  from  the  oblique  line  of  the  thyroid  cartilage  and  is 
inserted  above  into  the  lateral  portion  of  the  body  and  into  the  greater  cornu  of  the 
hyoid  bone. 

Ncrvc-Supply. — From  the  first  and  second  cervical  nerves,  by  fibres  which 
run  with  the  hypoglossal  nerve. 

Action. — To  draw  down  the  hyoid  bone,  or,  if  that  be  fixed,  to  draw  the 
larynx  upward. 

Relations. — As  the  muscle  passes  across  the  hyo-thyroid  membrane  it  covers 
the  superior  laryngeal  nerve  and  artery.  A  bursa,  the  b.  musctdi  thyro-hyaidei,  is 
interposed  between  the  muscle  and  the  upper  part  of  the  hyo-thyroid  membrane. 

Variations.— The  thvro-hvoid  is  often  practically  continuous  with  the  stemo-thyroid.  A 
bundle  of  fibres  is  sometimes  to  be  found  passing  either  from  the  lovver  lx)rder  of  the  hyoid  or 
from  the  thyroid  cartilage  to  the  lobe.  isthmus,  or  pvramid  of  the  thvroid  gland.  It  is  termed 
the  leiHtior^landulcr  thvroidtvr,  under  \vhich  name  are  also  comprised  fibres  which  are  exten- 
sions  of  the  inferior  constrictor  of  the  phar>nx  to  the  thvroid  gland. 

5.  Genio-Hvoidkus  (Fig.  497). 

Attachments. — The  genio-hvoid  is  the  superior  portion  of  the  rectus  group 
of  muscles.  It  is  a  rather  narrovv  hand  vvhich  arises  from  the  lovver  genial  tubercle 
of  the  mandihle  and  extends  back\vard  and  dovvnvvard  to  be  inserted  into  the 
anterior  surface  of  the  hodv  of  the  hvoid  bone.  It  is  sitnated  closc  to  the  median 
line.  imder  cover  of  the  mvlo-hvoid  and  immediatelv  beneath  the  lovver  horder  of 
the  genio-glossiis. 

Nerve-Supply. — From  the  first  and  second  cervical  nerves,  by  tibres  vvhich 
accompany  the  hvpoglossal. 

Action. — If  the  hvoid  bone  be  fixed,  the  genio-hvoid  dcpresses  the  mandible  ; 
if  the  mandible  be  rixecl,  it  dravvs  the  hvoid  bone  for\vard  and  upvvard. 
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(i)     THE  OBL[yLUS  MUSCLEb. 
I.  Scaleniis  anticus.  3,  Scalenus  posticiis. 

3.  Scalenus  niL-dius.  4.   Rcctus  capitis  latcralis. 

5.    Intcrtransversales  antcriorc-s. 

I.  SrAi.EMS  Antk.is  (Fig.  542). 
Attachments. — Tlic  antcriur  scak-nc  (m.  scalcnuN  antcrior)  arises  by  four 
tendinous  sli|)s  from  thc  antcriur  tiibt-rcles  nf  thc  transvcrse  prdccssts  of  the  thinl 
to  the  sixth  corvical  vcrtebrjc.  Thc  lour  .slips  unite  to  ionn  a  rathcr  flat  muscie 
which  exten(ls  clownwar<l  and  forward  to  \k  inscrtfd  iiito  thu  scalcnc  tubcrcle  on  the 
uppcr  suHace  of  thc  tirst  rib. 

Fk;.  541. 


Nerve-Supply. — By  branchcs  from  iho  fonrth.  lifih  and  si.tth  cer\'ical  ner\-es. 

Action. — To  iHiid  thv  ncck  forw:ir<i  an<l  lo  thc  same  sidc  and  to  rotate  it  tO 
thc  o[»j)ositc  sicic.  If  thc  ccr^■ical  vcnclira>  W  tixcd.  it  will  thcn  raise  the  firsl  rib, 
asststin^  iti  ins)  tirat  ion. 

Rclations. — Thc  antcrior  satlcmis  lics  in  front  of  thc  roots  of  thc  brachial 
plcMis,  and  ncar  its  inscrtion  it  passcs  ovcr  thc  scrond  portitm  <if  the  subciavian  artery 
and  nn<lcr  ihc  subciavian  \t-in.  The  [thrcnic  ncrvi'  rcsLs  npoii  its  antcrior  surface 
diirinj.;   its  cairsc  down  thc  neck. 

2.   Sr.\i.i:Nts  Mkiuis  '  Mjts.  ,«;4i.  M^V 
Attachments. — Thc  nii<lillc  scalcnc  is  siinatcd  lH;hInd  thc  scalenus  antcrior. 
Il  iiristi  hy  si\  or  scvcn  tcndinous  sli[W  from  tlic  Iransvcrsc  proccsscs  of  the  lowei 
'  "''  thc  rcrviral  vi-rtclira-  and  (-xtcnils  iiownw:ir<l  an<l  nutward  to  be  inseriet 
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into  the  upper  surface  of  the  first  -rib,  behind  the  groove  for  the  subclavian  artery. 
Some  fibres  of  the  muscle  may  extend  across  the  first  intercostal  space  to  be  inserled 
into  the  outer  surface  of  the  second  rib. 

Nerve-Supply. — By  branches  from  the  anterior  divisions  of  the  cervical 
nerves. 

Action. — To  bend  the  neck  lateraUy,  or,  if  the  cervical  vertebrae  bc  fixed,  to 
raise  the  first  rib,  assisting  in  inspiration. 

Relations. — As  the  middle  scalene  passc^s  dovvnvvard  to  its  insertion  it  diverges 
from  the  scalenus  anterior,  so  that  a  trianguhir  interval  exists  between  the  two 
muscles  through  which  the  subclavian  artery  and  the  brachial  plexus  pass,  these 
structures  lying  in  front  of  the  insertion  of  the  scalenus  medius. 

3.    Scalenus  Posticus  (Fig.  542). 

Attachments. — The  postcrior  scalene  (m.  scalenus  posterior)  lies  immediately 
behind  the  scalenus  medius  and  anterior  to  the  ilio-costalis  cervicis.  It  arises  by 
two  or  three  tendinous  slips  from  the  transverse  processes  of  the  lo\ver  two  or  three 
cervical  vertebrae  and  passes  down\vard  and  laterally  to  be  insertcd  into  the  outer 
surface  of  the  second  rib. 

Ncrvc-Supply. — From  the  anterior  divisions  of  the  lower  three  cervical 
nerves. 

Action. — To  bend  the  neck  laterally,  or,  if  the  cer\'ical  vertebrae  be  fixed,  to 
raise  the  second  rib. 

Variations  of  the  Scalene  Muscles. — There  is  not  a  little  variation  in  the  extent  of  the 
upper  attachments  of  the  scalene  muscles,  the  oriji^ins  beinj;  increased  or,  more  usually,  dimin- 
ished  in  number.  A  certain  amount  of  fusion  may  also  (x:cur,  especially  betueen  the  medius 
and  posterior,  so  that  it  is  not  always  possible  to  distinj^ish  these  two  muscles.  Occasionally 
the  subclavian  artery  perforates  the  louer  |X)rtion  of  the  anterior  scalene,  and  the  portion  so 
separated  may  form  a  distinct  miLscle,  the  sca/ettus  mtMimtds,  uhich  lies  in  the  interval  between 
the  anterior  and  middle  scalenus,  and  is  attached  al>o\  e  to  the  transverse  processes  of  the  sixth 
or  the  sixth  and  seventh  cervical  vertebra*  and  l)elo\v  to  the  upper  surface  of  the  first  rib  and  to 
the  dome  of  the  pleura. 

A  muscle  occasionallv  occurs  betueen  the  upper  part  of  the  pectoralis  major  and  the 
upper  extemal  intercostals*,  from  bt)th  of  \vhich  it  is  separated  by  a  lamella  of  areolar  tissue. 
It  IS  termed  the  supracostalis,  and  takes  its  origin  from  the  first  rib  and  sometimes  also  from  the 
fasda  which  covers  the  anterior  scalene,  and  passes  do\vn\vard  to  be  inserted  into  the  outer 
surface  of  the  third  and  fourth  ribs,  sometimes  attaching  also  to  the  second  rib  and  sometimes 
descending  as  low  as  the  fifth.  It  has  iK-en  rejjarded  as  an  al>errant  portion  of  the  pectoralis 
major  or  rectiLS  abdominis,  but  it  seems  to  be  more  probably  a  {x>rtion  of  the  obliquus  muscu- 
lature  and  is  apparently  related  to  the  scaleni. 

i         -    .  I  ♦  ■ 

4.    Rectis  Capitis  Latkralis.     <  '     -    '  ^         .   -'    ^ 

Attachments. — The  rectus  capitis  lateralis  is  a  short,  flat  muscle  which  arises 
from  the  transverse  process  of  the  atlas  and  is  inserted  into  the  inferior  surface  of 
the  jugular  process  of  the  occipital  bone. 

Ncrvc-Supply. — From  the  suboccipital  nerve. 

Action. — To  bend  the  head  laterallv. 

S.    Intertransvkrsales  Anteriores. 

Attachments. — The  anterior  intertransversales  are  a  series  of  small  muscles 
which  pass  between  the  anterior  tuberclcs  of  the  transverse  processes  of  the  cervical 
vertebrae. 

Nerve-Supply. — From  the  anterior  divisions  of  the  cervical  nerves. 

Action. — To  bend  the  head  laterally. 

The  Triangles  of  the  Neck. — The  sterno-cleido-mastoid  muscle,  on  account 
of  its  position  somevvhat  sujn-rficial  to  the  remaining  muscles  of  the  neck,  serves  to 
divide  that  region  into  t\vo  triangular  areas  vvhich  are  of  considerable  importance 
from  the  stand-point  of  topographic  anatomy. 
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OiiL'  of  these  triangles,  the  posterior,  is  Imiinded  by  the  lateral  border  ol 
the  U]»j>t;r  part  o(  tho  trapezius  behind  and  by  thu  lateral  border  of  the-  sttrno- 
deido-inastoid  iii  front,  and  Iiils  (or  its  base  tlie  U|)per  border  of  the  clavicle 
between  the  insertioii  of  tliese  uvo  iniisclcs.  The  anierior  Iriatigle  is  reversed  with 
respect  to  the  posterior  one,  ha\'intf  its  ii[jex  dowiiward  aiid  its  base  above.  Its  lateral 
boundary  is  the  medtal  border  iif  the  steriio-cleido-niastoid,  its  medial  boundary  is 
thi;  median  line  of   ihe  neek,  and  its  b:ise  ii>  formed  by  the  lower  border  of  ihe 

matuliltlc    and    a     line 

Fio.  543-  exlendin}j    horizontally 

uiicasiricpiHiirtorbeiiv  backward  from  the  an- 

siiio-l.>™j  icuti  j,,^.  y(  ti,^  mandible  ti> 

lile  niastotd  proeess. 

Kach  of  these  two 
trianj^les  is  a^ain  di- 
visible  in  to  suburdinate 
trian){k's  by  the  inus- 
cles  tthich  cross  them, 
Thiis  the  poslerior  tri- 
angle is  divided  by  the 
i  nf  erior  beli  y  of  t  he  om  o- 
rmr  *  >■  hyaid,  which  crosses  it 
"oiE  obliqiiely,  into  an  iipper 

JT  iwiiy       °''  occif>ital  triangle  and 
a  lower   or  subclavian 
triangle.  while  the  an- 
"  terior  triangle  is  divisi- 

ble  into  three  triangles 
by  the  superior  belly  of 
the  omo-hyoid  and  the 
posterior  bellv  of  the 
digastric.  Thelowestof 
these  triangles,  tcrmed 
the  muscularoT  inferior 
Triangle*  .ii  rietk,  carotld  triangle,  has  its 

base  along  the  median 
line  and  its  ape.x  directed  later;illy,  its  sides  being  formed  by  the  sterno-deido- 
inastoid  below  and  the  superior  belly  ol  the  omo-hyoid  above.  The  superior  carolid 
triangle  has  its  base  along  the  upper  part  o(  the  sterno-cleido-mastoid  and  its  apex 
directed  medially  ;  its  sides  are  forme<i  by  the  superior  belly  ol  the  omo-hyoid  below 
and  the  jjoslerior  belly  of  the  dig:istric  above.  Finally,  the  submaxillary  or  digastric 
triangle  is  the  basal  portion  of  the  original  anterior  triangle,  and  is  bounded  below 
by  the  lwo  K"llics  of  the  digastric  muscle  and  above  hy  the  line  of  the  lower  border 
ot  the  mandible  and  its  continuation  posteriorly  to  the  stenio-mastoid  muscle. 

(r)  THE  HVPOSKKI.ETAT,  Mf.SCLHS, 

I.   I^ngus  colli.  2.   Rectiis  capitis  anticus  major. 

3.    Rectus  capitis  anticus  minor. 

I.   LoN<;|-s  Coi.M  (Fig.  544,). 

Attachments. — The  longits  colli  forms  an  elongated  triangular  band  vhose 
base  is  towards  the  median  line  anti  the  uide-angled  ape.\  directed  lateral1y.  It  mav 
be  regarded  as  cunsisting  o(  ihrce  ]Kirtiiins.  The  medial  portion  consists  of  fibrcs 
which  iirise  from  the  l>o<lies  of  the  upper  three  thoradc  and  lower  two  cer\ical 
vertelme,  iorming  a  muscular  band  \vhich  is  inserted  into  the  lx)dies  <if  the  thri-e  or 
lour  upper  rcrvical  vertebra-,  the  slip  to  the  atlas  being  inserted  into  its  anterior 
tulierde.  l->om  the  Iomit  part  nf  the  medial  portion  slips  are  given  of!  which  con- 
stitiite  the  infrrior  ohlitjitr  portion,  aiul  ari-  inserted  imo  ihc  irans\'erse  processes  of 
the  tiilh  and  si.tlh,  and  somtiimes  alsu  of  the  fourth  imd  seventh,  cervical  vertebne. 
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And,  fin3lly,  the  superior  obliqu€  portion  is  forined  l>y  slips  arishig  from  the  trans- 
verse  processcs  of  the  sixlli  tu  tlie  ttiird  cervical  vertcbra;  and  joiiiing'  thv  uppcr  part 
of  the  medial  portion. 

Nerve-Supply. — From  the  anterJor  divisions  of  the  second,  third,  and  fourth 
cer\'ical  nerves. 

Action. — To  bend  the  neck  ventriilly  and  lateraily. 


2.   Rkctis  Caimtis  ANTicrs  Major  (Ki),'.  544). 

Attachments. — The  nrius  ciipiiis  anticns  majnr  (m.  lontnis  ca|iitiK)  partlv 
covere  Ihe  upper  [uirt  uE  tlu'  lonirtis  colli.  It  arises  liv  frmr  tLiidinmis  shps  from  tlie 
transvtrse  proccsscs  i-t  thi'  third  tn  the  sixth  ccTvieal  vert<-l)rie,  and  ]i;is.ses  direttly 
upward  to  bc  iiisiittd  into  the  l>a.sibr  portion  o(  ihe  orapital  bone,  latiTal  to  the 
pharvnKcal  tiibercle. 

Nerve-Supply.^I''r"m*he  anterior  divisions  of  the  sic-ond.  tliini,  and  fourth 
cervical  ncn^es. 

Action. — To  fle.\  the  head  and  rotate  it  slit;htly  towiird3  the  opposite  side. 
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3.   Rectis  Capitis  Anticts  Minor. 

Attachments. — The  rtctus  capitis  anticiis  minor  (m.  rectus  capitis  antcrior) 
is  a  short,  flat  miisclc  \vhich  arises  from  ihc  antcrior  surface  of  tlic  lateral  iiiass  of 
the  atlas  antl  is  dircctcd  obli(|ucly  upvvard  and  nicdially  to  be  insertcd  into  the 
basilar  portion  of  the  occipital  bone,  imniediatcly  bchind  the  insertion  of  the  longus 
capitis. 

Nerve-Supply. — Hy  the  first  cervical  (suboccipital;  nerve. 

Action. — To  riex  the  head. 

PRACTICAL   CONSIDERATIONS  :    THE  NECK. 

The  skin  of  the  front  and  sides  of  the  neck  is  thin  and  movable.  The  plat\'sma 
myoidc*s  is  closely  connected  to  it  by  the  thin  superficial  fascia.  The  edges  of  wounds 
transverse  to  the  fibres  of  that  niuscle  are  therefore  often  in\'erted. 

In  the  region  of  the  nape  of  the  neck  the  skin  is  thicker  and  much  more  closelv 
adhcrent  to  the  deep  fascia;  it  is  poorly  supplied  with  blood  ;  hair-follicles  and 
sebaceous  glands  are  numerous  ;  it  is  frequently  exposed  to  minor  traumatisms  and 
to  chanjres  of  surface  heat,  and  is  often  at  a  lower  temperature  than  the  parts 
immediately  alx)ve,  which  are  covered  with  hair,  or  than  those  directly  below,  which 
are  protected  by  clothin^;  the  nerve-supply  is  abundant.  For  these  reasons  furun- 
cles  and  carbuncles  areof  conimon  occurrence  and  are  apt  to  be  exceptionally  painfui. 

The  sulicutaneous  ecchymosis  vvhich  follo\vs  fracture  throiij^h  the  posterior  cerebral 
fossa  first  appears  antcrior  to  the  tip  of  the  niiustoid  and  spreads  up\vard  and  back* 
ward  on  a  curved  line  ;  the  blood  is  prevented  from  reachin}^  the  surface  more 
directly  by  the  cervical  fascia,  and  therefore  goes  laterally  in  the  intermuscular 
spaces,  being  directed  tovvards  the  mastoid  tip  by  the  posterior  auricular  arter\'. 

In  the  submaxillary  rej^ion  the  looseness  of  the  skin  makes  it  available  for 
plastic  operations  on  the  cheeks  and  mouth.  In  the  submental  region  the  accu- 
mulation  of  subcutaneous  adipose  tissue  seen  in  stout  persons  gives  rise  to  the 
so-called  "double  chin."  In  both  the  latter  regions  (covered  by  the  beard  in  men) 
furuncles  and  sebaceous  cysts  are  common. 

The  surgical  relations  of  the  fascia  of  the  neck  can  best  be  understood  by  refer- 
ence to  a  horizontal  section  at  the  level  of  the  seventh  cervical  vertebra  (Fig.  545). 

The  superficial  layer  {a,  a' )  vvill  then  be  seen  to  envelop  the  entire  neck.  Pos- 
teriorly  it  is  attached  betvveen  the  external  occipital  protuberance  and  the  seventh 
cervical  spinous  process  to  the  ligamentum  nuchie  ;  anteriorly  it  is  interlaced  with 
the  s;une  layer  of  fiiscia  from  the  other  side  of  the  neck  ;  superiorly  between  the 
external  occipital  protulKTance  and  the  middle  of  the  chin  it  is  attached  on  each  side 
to  the  superior  curved  line  of  the  occipital  bone,  the  mastoid,  the  zygoma,  and  the 
lower  Javv  ;  inferiorly  betvveen  the  seventh  spine  and  the  suprasternal  notch  it  is 
attached  on  each  side  to  the  spine  of  the  scapula,  the  acromion,  the  clavicle,  and  the 
upper  eilge  of  the  sternum.  After  splitting  to  enclose  the  trapezius  and  covering  in 
the  pošteni  )r  triangle,  this  fascia  divides  again  at  the  hinder  border  of  the  stemo- 
cleido-mastoid.  The  superficial  layer  continues  over  the  surface  of  that  muscle, 
covers  in  the  antcrior  triangle,  and  blends  \vith  its  fello\v  of  the  opposite  side. 

From  its  under  surface,  after  reaching  the  sterno-mastoid,  the  deeper  layer  gives 
oflf  from  l)ehind  forvvard  {h)  \x  process — prevertebnil  fascia — vvhich  begins  near  the 
posterior  lK)rder  of  the  sterno-mastoid,  passes  in  front  of  the  scalenus  anticus,  the 
phrenic  nerve,  the  sympathetic  nerve,  and  the  longus  colli  muscle,  and  behind  the 
great  vessels,  the  |)neumogastric  nerve,  and  the  o,*sophagus  to  the  front  of  the  base 
of  the  skull  and  the  bodies  of  the  cervical  vertebra*.  In  the  mid-line  this  desccnds 
l)ehind  the  gullet  into  the  th<)rax.  At  the  sides  of  the  neck  it  helps  to  form  the  pos- 
terior vvall  of  the  carotid  sheath,  spreads  out  over  the  scalene  muscles,  and  passes 
dovvn  in  front  of  the  subclavian  vessels  and  the  brachial  plexus,  until  it  dips  beneath 
the  clavirlr.  h  is  then  ap|)lied  closelv  to  the  under  surface  of  the  costo-coracoid 
membrane  and  sj)lit^  to  In-come  the  sheath  of  the  axillary  vessels.  A  second  process 
(r).  leaving  the  sterno-mastoid  more  anleriorlv,  aids  in  forming  the  anterior  wall  of 
the  carotid  sheath,  and  joins  the  preceding  layer  just  interna!  to  the  vessels.      It  is 
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usualljr  described  as  part  of  (rf  )  a  process — tracheal — which  Itaves  the  sttrno-mastoid 
nearer  its  anterior  horder,  and,  niiining  behind  the  stemo-hyoici  and  stertio-thvroid 
muscies,  descends  in  front  of  the  trachea  and  the  thvroid  glaiid  to  beconie  connected 
with  the  iibrous  layer  of  the  pt-ricardtum. 

The  adhesion  of  the  dcep  fiiscia  to  the  blood-vessels.  hy  preventing  contraction 
and  collapse  of  their  walls,  favors  hemorrhage  and  increases  the  risk  of  the  enlrance 
d  air  into  divided  veins. 

Tracing  the  Iayer3  of  Eascia  \ertically  and  from  the  surfaee  inward,  it  will  be 
useful  to  remember  tliat  the  su[>erlicial  layer  (a,  Fig.  546)  [lasses  to  the  top  of  the 
sternum  (sending  a  shp  to  be  attached  to  its  posterior  bordi.T )  and  to  the  cla\'icle. 
The  sccond  layer  (6)  descends  behind  the  depressore  and  in  front  of  the  thyroid 
gland  and  trachea  to  merge  into  the  pericardium,  and  farther  oiit  to  (orni  a  sheath  for 
the  omo-hyoid  and  for  the  subclavian  vein,  and  is  lost  in  the  sheath  of  the  subclavius. 


Fig.  5J5- 
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This  relation  of  the  oino-hyoid  is  of  \'a1ue  in  enabling  that  muscle,  when  the 
hyoid  ia  fixed,  lo  increase  the  tension  of  this  laycr  of  fascia,  and  thus  hold  open  and 
prevent  atrtiospheric  pressiire  upon  the  walls  of  the  vossels — especially  the  \eins — 
and  the  soft  parts  ( incUidinR  the  piilnionary'  apices )  at  the  base  of  the  neck. 
Hilton  ušes  this  function  of  the  muscli. — which  connects  it  with  the  act  of  respiration — 
tO  illustrate  the  pri-clsion  of  the  nene-siipply  to  muscies  generallv.  The  omo-hyoid 
arises  in  dose  proxiinity  to  the  suprascapular  notch,  and  therefore  to  the  supra- 
scapular  ner\e.  \vt  it  never  receives  a  filament  from  that  ncne,  but  is  supplied 
by  the  cer\'ical  nenes  to  firing  it  in  relation  to  the  movements  of  the  i)thtr  neck 
inuscles,  is  connected  nilh  the  hyi)oglossal  to  associate  it  »ith  the  movements  of  the 
tonguc.  and  with  the  [ineumogitstric  to  enable  it  to  act  as  al)nve  descril>eii  during 
forced  respiratiim.  when  the  nish  of  air  into  the  thorax  might  othenvise  cause  harmful 
increase  of  atni<)spln.Tie  pressure  in  the  ]ower  cenical  or  siiprarla\icular  region. 

The  pretnicheal  laver  is  found  t)etween  the  depressors  and  the  trachea  |>as.sing 
down  to  its  pericardial  inscrtion.  Hilton  thus  csplains  this  insertion  :  "The  i)eri- 
cardium  is  most  incimaU-lv  l>leiKU-d  with  the  diaphragin.  distinctlv  idenlitied  with  it. 
and  capable  of  lM.'ing  aeted  ujion  tiv  it  ;it  ;dl  times.  It  is  aiso  attached  alx)ve  to  the 
deepcervicai  fascia.  It  is  thus  kejrt  tense  by  the  action  cif  the  respiratorv  muscies 
in  the  neck  attached  to  the  f^ervical  fascia  alx>\e  and  tlie  diaphnigm  attached  to  it 
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b<;low  ;  or.  in  other  wor(ls.  these  two  muscntar  forccs  are  actinj,-  on  the  interposed 
pericardium  in  opptisite  directir.ns,  and  so  rcnder  it  tenst-  iind  rt-sislinK-  And  the 
special  objt-ct,  no  doiilit,  of  this  \»iicii  of  an;itoiny  is  tliat  during  a  full  inspiration. 
whc-n  the  limus  art-  distcnd^d  »ith  iiir  and  th..-  rij;Iit  sidt-  nf  th<;  ht-itrt  Korjfi-d  with 
Nood  (rom  a  siispcnsion  of  rt-spiration,  the  hc;irt  should  not  bt  tiicroached  ujMjn  b>- 
the  siirroiindinj;  lunu«-" 

Tlit-  prc-vt-rtebral  lavcr  (r.  Ki«.  546)  l>in«  bct«wii  tht-  (es<iphaKUs  and  spine 
passL-s  in  tli<;  niid-linc  dinctlv  inti>  thi;  posterinr  im-diastiniim :  latcrall)- — bcyond  tho 
scak-niis  anticus — it  aids  in  formin^  tliv  shcath  o(  tlit  subclavian  vi-ssels  and  accom- 
juinics  thuni  inio  ibc  axilta. 

AnothtT  wav  "f  ilnddatinj,'  the  practlcal  eflect  <if  tlic  sonK-what  complex  dis- 
tribiition  nI  the  ctrvlcal  (ascia  is  to  ru^rard  tlie  three  chief  lavors— sujierlicial.  middle. 
and  deep— as  dividln«  the  neck  into  foiir  anatumical  sjiaces  (Tillaux). 

1.    SnlK'iitaneoiiH  ( Space    i,  Kiji-  545)  i    helwcen  the  skin  an<l  the  su|>erlicial 
lavcr.     The  most  ini|)'.rtant  stnictiire  In  this  space  is  the  cxterti:il  jujjular  vein,  which 
ii  jiist  abi)vi-  tile  middle  of  the  clavicle. 

■iinuic  (Space  2,  Fig.  54G)  :  l>t;t\vecii  the  snpcrlicial  and  mid- 
dle (sterno-clavieolarj  lavtrs.  This 
s]>ace  does  not  exist  in  iact  al  the 
Liimmit  of  the  neck  »here  ihe  l»o 
lavers  are  one,  but  at  the  base  ils 
/  (k']>th  is  eqnal  to  the  thickness  of 
the  sterniiin.  tt  may  }x;  eontinuous 
uith  ihi?  space  left  at  the  top  of  the 
steriium  heHvcen  the  lwo  Icallets  of 
thf  snperlicial  layer  attached  to  the 
aiiterior  an<l  posterior  trorden*  of  the 
sterniini.  — (irulxT's  "  siiprastemal 
intra-aponeirrotic  space,"  "  Burns's 
space.  "  tt  contains  fat  and  Ivm- 
phatic  glands,  the  stcrnal  head  of 
the  sternomasloid,  anil  the  anterior 
jugular  veins.  It  is  not  infrequenl1y 
the  seat  of  al)scess. 

,1-  \'isceral  (  Space  3  —  30+3*. 

^V-  545 1-    bct\veen  the  pretracheal 

anti   preverlebral   layers.      This  in- 

cliides  ali  the  |>rincipal  structiires  of 

the  neck.     As  it  aimrnunicates  di- 

rectlv  ttith   the  ihorax  and   axilla. 

"'"""""■'      siippnnition  may  travcl  in  thosc  di- 

rections.      It  is  divided  into  minor 

la  comin«  froni  the  under  surface  of  the  stemo- 

rynyeal  fascia.  a  thin  laver  that  comes  off  from 

vi-s  the   oarotid    shoath,   and    which  lincs  the 

)etsvfen  it  and  the  laver  applied  to  the  spinal 

1    space — retropharynf;eal — in   which  infection 


ind  3A)  bv  a1ayerof  fa; 

ide  and  liv  llie  Inicco-pi 


from  pharvuj;i-ai  lesio 
4.    Ret        ■  ■ 


lallv 


il  I  Space  4,  I-ij;.  546 ) :  tile  sjKice  lK'tw'een  the  prevertebral  fascia 
inclndinu  the  lonj^iis  colli  an<i  ri-ctns  capills  anticus,  the  svmpa- 


and  s| 
theli< 

al  way  that  ali   infections  beneath  the  middle  laver  of 

rioiis  than  those  snperticial  to  it. 

ttle  more  iletail  ihe  praciioal  relations  of  the  cenical 

siiperlkial  to  thr  oiiter  laver  (a.  Fig.  545)  there  might 
oiTiir  ironi  tranniatism  a  uonmi  of  the  e.Mernal  jii^nlar,  or  from  infection  a  spread- 
inj,'  celhilitis.  The  space  is  the  seat  <ii  snperlidal  plde^nions.  which  tend  to  spread 
nnder  the  skin  onlv  I  Space  i.  Fig.  ,S45  I-  ■""'■  '"  'he  aiisence  of  tension,  are  unat- 
tended  by  thr<)bbinj;  pain  or  inarketi  constiintional  sjniptotns. 


i  iire  more  likdv  lo  tie  s 
Knt  to  snnmiari/e  in  a  1 
1,  \\c  niiiy  conclnde  that 
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The  space  between  rand  b  (3^,  Fig.  545)  is  occupied  only  by  the  great  vessels 
and  the  pneumogastric.  Infection  there — /.<•.,  within  the  sheath — may  mean  de- 
scending  thrombosis  from  original  infection  of  a  cerebral  sinus,  or  may  ha  ve  spread 
direcdy  through  the  sheath  from  infected  tracts  of  cellular  tissue  outside.  Behind 
b^  Fig.  545  (retrovisceral  space),  suppuration  is  not  uncomnion  as  a  result  of  verte- 
bral  disease.  Direct  infection  through  the  pharyngeal  wall  usually  involves  tlie 
retropharyngeai  space.  In  either  čase  dysphagia  and  dyspna*a  are  usual  for  obvious 
reasons. 

Between  b  and  r,  Fig.  546  (pretracheal  and  prevertebral  layers),  abscess  would 
spread  most  readily  along  the  Hne  of  the  trachea  and  in  front  of  the  vessels  into  the 
superior  mediastinum. 

In  the  intra-aponeurotic  space  (Space  2,  Fig.  546)  an  abscess  would  probably 
point  superficially,  as  the  fascia  in  front  of  it  is  very  thin.  If  it  were  inf^uenced  by 
gravity,  however,  it  \vould  follovv  the  hyoid  depressors  and  their  intermuscular  spaces 
to  the  root  of  the  neck,  and  niight  enter  the  superior  mediastinum. 

Two  additional  and  important  spaces  are  formed  by  extensions  or  reduplications 
of  the  cervical  fascia.  That  portion  of  the  superficial  layer  above  the  level  of  the 
angle  of  the  inferior  maxilla,  and  passing  from  that  bone  to  the  zygoma,  constitutes 
the  parotid  fascia,  \vhich  on  the  surface  is  continuous  with  that  over  the  masseter, 
whi]e  beneath  it  beconies  thickened  to  constitute  the  stylo-maxillar}'  ligament,  sep- 
arating  the  parotid  and  submaxillary  glands  and  rcsisting  overaction  of  the  external 
pterygoid  muscle.  As  the  outer  fascial  investment  of 
the  gland  is  dense  and  resistant,  and  as  internal  to  this  Fk;.  547. 

ligament  the  inner  layer  is  thinner  and  weaker  than 
else^'here, — a  positive  gap  existing  between  ihe  stvloid 
process  and  the  pterygoid  muscle, — suppuration  within 

the  gland  may  result  in  cxtension  to  the  retropharyngeal       /.,^  \    m \io-hyoid  muscle 
reg^on.     It  may  folIo\v  the  external  carotid  downvvarci  to 
the  chest,  or,  as  the  fascial  investment  is  also  incomplete 
above,  may  extend  up\vard  to  the  base  of  the  skull,  or         _«.,^,,,_^,^^ 
even  into  the  skull.     It  sometimes  follows  the  branches  ^"t^^^-^T^^^^HvokI  bone 

of  the  third  division  of  the  fifth  nerve  through  the  fora-  /  Outeriayerof  fascia 

men  ovale  into  the  cranium.  Innerlaycrof  fascia 

The  second  space  alluded  to  is  formed  bv  that  por-       submaxiiiar>-  giand 
tion  of  the  superficial  layer   betiveen   the  ja\v  and  the     ^am^brst',!^;^^^^^^^ 
hyoid  bone  and  m  front  of  the  stvlo-mandibular  ligament.     vicai  fascia. 
As  it  passes  fon\'ard  from  the  latter  structure  it  splits  and 

envelops  the  submaxillary  gland,  and  becomes  firmly  attached  below  to  the  hyoid 
and  above  to  the  lo\ver  jaw  externally  and  the  under  surface  of  the  mylo-hyoid 
muscle  internally  (Fig.  547).  Infection — '*  Ludwig*s  angina,"  *  *  submaxiilary 
phlegmon,'*  **deep  cervical  phlegm.on'* — in  this  space,  \vhich  contains  the  salivary 
gland  and  its  attendant  Ivmphatics,  is  rendered  exceptionally  grave  by  the  density 
of  these  fascial  lavers.  The  infecting  organisms — usuallv  streptococci — may  gain 
access  through  a  lesion  of  the  f^oor  of  the  mouth  near  the  frenum,  or  from  an  alveo- 
lar  abscess,  or  by  way  of  the  digastric  muscle  from  a  focus  of  disease  in  the  middle 
car.  Once  establishcd,  they,  with  their  sccondarv  products,  are  forced  along  the 
lines  of  least  resistancc — by  the  side  of  the  mylo-hyoid  usuallv — towards  the  base 
of  the  tongue,  involvinjL^  the  cellular  tissue  about  the  gloitis  and  along  the  vessels 
that  perforate  the  fascia,  causing  infective  venous  thromlK)sis  and  involving  the 
deeper  planeš  of  connective  tissue.     Under  the  latter  circumstances,  if  tension  is  not 

1)romptly  relieved,  largc  vc»ssels  may  be  opened  by  the  necrotic  process.  Jacol>son 
<^ng  ^go  called  attention  to  the  interesting  fact  that  Communications  betvveen  ab- 
scesses  and  deep  vessels  ha  ve  usually  taken  plače  beneath  the  cervical  fascia  and 
the  fascia  lata,  tvvo  of  the  strongest  fascia?  of  the  body. 

Tumors  of  the  neck  mav  originate  in  any  of  the  diverse  structures  of  that 
region.  It  may  be  mentioned  herc  that  their  situation  aln^ve  or  beneath  the  cervical 
fascia  is  an  important  factor  in  determining  their  mobilitv,  and  hence  the  probabie 
€!ase  or  difficultv  of  their  removal.  In  the  latter  situation  associated  pressure- 
syniptoms  are  common. 
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Lipoma  is  frequent ;  fibroma  and  enchondronia  are  occasionally  seen  in  the 
region  of  the  li^ameiitum  nuchie  :  priniarv  carcinoma  is  rare. 

Congenital  cvsts — '*  hvdrocelcs" — i)f  the  neck  .ire  foiind  beneath  the  deep  fascia, 
usuallv  in  the  anterior  trianj^le  aiui  belovv  tlie  level  uf  the  hyoi(i.  They  may  arisc 
from  dihitation  of  the  Ivmphatic  vessels,  or,  as  Siittoii  suj^j^ests,  they  mav  ori^inate, 
as  do  the  cervical  air-sacs  in  some  monkevs,  especiallv  the  chimpanzees,  by  the 
formation  of  diverticula  froni  the  larvnj^eal  nnicous  membrane.  In  any  event»  they 
ramify  in  the  various  intermuscular  spaces,  and  their  complete  renioval  is  therefore 
verv  ditticult. 

Hranchial  cvsts  and  dermoids  are  not  infrequent.  They  shoiild  \ye  stiidied  in 
connection  \vith  the  embrvoloj^v  of  the  rej^ion. 

Congenital  tumor  of  the  sterno-mastoid  is  a  conchtion  resulting  from  either  rup- 
ture  of  muscuhir  fibres  or  bruising  of  the  muscle  against  the  under  surface  of  the 
svmphvsis  during  dehvery.      It  mav  be  a  cause  of  torticolHs. 

Torticolhs — **wry-neck" — mav  be  due  to  spasm  of  the  sterno-mjistoid  either 
alone  or  associatcd  vvith  a  similar  condition  of  the  trapezius,  especialiy  the  clavicular 
portion,  and  often  of  the  saileni  or  the  comj)lexus.  Later  there  is  apt  to  be  secoiid- 
ary  contraction  of  tlie  deep  fascia  and  of  the  posterior  cervical  muscles.  Tenotomv 
of  the  muscle  for  the  relief  of  this  affection  is  performed  at  a  level  just  al>ovc  its 
sternal  and  clavicular  insertion.  The  sul>cutaneous  niethod  hiis  becn  largely  dis- 
carded  in  favor  of  division  through  an  open  \vound.  By  the  for  mer  plan,  not  only 
were  the  anterior,  and  sometimes  also  the  external,  jugular  veins  endangered,  but  the 
cervical  space  descrilx.*d  as  ^^visceral"  vvas  occasionally  opened,  and,  if  infection 
occurred,  vvith  fatal  results  from  septic  cellulitis  or  pleurisy. 

Section  of  the  spinal  accessory  nerve  may  be  resorted  to  when  the  spasm  is 
limited  to  the  sterno-mastoid  and  trapezius,  or  of  the  posterior  primary  divisions 
of  the  first.  second,  and  third  cervical  nerves  \vhen  the  posterior  muscles  are  involved. 

Landmarks. — Athough  but  fe\v  ory^ans  belong  exclusively  to  the  neck,  a  great 
many  structures  of  much  (liversity,  and  connecting  the  trunk  and  head,  i^ass  ihrough 
it.  The  "landmarks"  vvill  therefore  be  f(»und  in  relation  to  difierent  svstems, — vas- 
cular,  nervous,  etc, — those  given  here  referrini^  chiefly  to  the  muscles  and  their  eflect 
ui)on  surface  form. 

The  mid-line  posteriorlv  has  alreadv  been  described  in  its  relation  to  the  spines 
of  the  cervical  vertebne  ( paj^es  146-14S). 

On  the  sides  of  the  neck  the  platysma,  \vhen  in  action,  produces  inconspicuous 
wrinklin^  of  the  skin.  Its  hbres  are  in  a  line  from  the  chin  to  the  shoulder.  The 
sterno-mastoid,  running  obliquely  from  the  skuU  to  the  slernum  and  clavicle,  divides 
each  lateral  half  of  the  neck  into  t\vo  trianj^lc*s.  The  anterior  of  these  is  bounded 
al>ove  by  the  louer  border  of  the  inferior  maxilla  and  a  line  extending  from  the  angle 
of  that  lK)ne  to  the  mastoid  process  :  anteriorly  by  a  straight  line  between  the  middle 
of  the  chin  and  the  sternum  ;  posteriorly  by  the  anterior  l>order  of  the  sterno-mas- 
toid. Its  apex  is  at  the  middle  of  the  upper  edge  of  the  manubrium.  The  posterior 
triangle  is  bounded  posteriorly  by  the  anterior  ed^e  of  the  trapezius,  the  hinder 
edge  of  the  sterno-nutstoid  in  front,  and  the  middle  of  the  clavicle  below.  Its  apex 
is  just  behind  the  mastoid  process. 

It  will  be  seen  that  by  this — the  usual — description  those  structures  Iving  imme- 
diately  beneath  the  sterno-mastoid  vvould  Ik*  exclu(led  from  both  triangles.  It  is  cus- 
tomary,  hovvever,  to  include  the  common  caroiid  and  internal  jugular  vein  in  the 
anterior  trianjL|;le,  althoui^h  they  are  lK>th  under  cover  of  the  anterior  edge  of  the 
sterno-mastoid. 

The  anterior  triangle  is  divided  into  threi — the  superior  carotid,  the  inferior 
carotid,  and  the  submaxillarv — bv  the  dieastric  muscle  and  the  anterior  l>ellv  of  the 
omo-hvoid.  The  posterior  bellv  <.)f  the  omo-hyoid  divides  the  posterior  triangle  into 
a  loNver  or  sul)clavian  and  an  upper  or  occi|)ital  triangle.  The  structures  included 
\vithin  the^e  various  triangles  \vill  be  described  in  connection  \vith  the  vessels, 
nerves,  ri<\ 

The  (lividing  Hne  betvveen  ihe  l\vo  main  triangles — the  sterno-mastoid — can  be 
lx)th  seen  and  felt  if,  Mith  the  moulh  closcd,  ihr  rhin  is  depressed  and  the  skuU  is 
rotated  to\vards  the  opposiie  slioulder.     The  tliick,  prominent,  rounded  anterior  bor- 
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der  can  then  be  made  out  from  mastoiil  to  stcrnum.  but  is  more  acceiituated  below, 
where  the  stcrnal  head  is  salient  and  sliarpiv  defintd.  This  ihin  posterior  border  may 
be  felt  vaguelv  at  the  iipper  part,  but  caiinot  be  seen.  At  about  the  Iowcr  third  it 
becomes  visible  and  is  conlinued  into  llii;  broader  and  flatter  daviailar  hcad.  Tiie 
niiddle  of  the  muscle  is  seen  throughout  most  of  its  Icnjjth  as  a  tlcsliy,  rounded 
elevation.  Over  it,  and  usiiaHy  |>lainly  visible,  is  ihe  estcrnal  jugular  \oin,  rnnning 
between  the  platysma  and  the  decp  fascia  in  a  line  from  the  ungle  of  the  iaw  to  the 
centre  of  the  clavicle.  In  rcst  the  anlerior  border  is  stil!  visiblf.  The  pnsition  of 
the  muscle  on  the  side  towards  vvhich  the  head  i-i  turned  is  indicated  l)y  a  shght 
furrow  in  the  skin.  The  musclcs  partly  o\'erlappcd  by  the  sterno-niasloid  are,  from 
above  downward,  the  splenius,  levator  scapulie,  digastric,  omo-hyoid,  sterno-thyroid, 
and  stemo-hyoid. 

Fk-..  548. 


SubnuilIIirv  g^aLd 
tgait  ric,  antelor  bctly 


Sutface  marking«  o(  ncck,  timn  living  subjecl. 

-khe  inter\'al  bet\vccn  the  sternal  and  cinvicular  heads  of  the  muscle  is  indicated 

J-      —     ^ight  depression, — the  k-sscr  supraciavicular  foss;i, — and  is  bounded  bclow  by 

ne     v»  ppcr  edge  of  the  inner  third  of  the  clavicle.      Bencath  it,  alx)ut  on  a  liiie  with 

^*.«rnal  end  of  the  clavicle.  lic  on  the  ri^^ht  side  the  bifurcation  of  the  innominate 

^*~;^^^  and  on  the  le(t  the  conmion  carotid  arterv. 

.  ^3etween  the  oulcr  edgc  of  the  clavicuhir  head  of  the  stcrno-mnsioid  and  the 

~?~*^      ^af  the  anterior  edge  of  tlie  trapezius  is  a  broitd.  Hat  depression, — the  supracla- 

.  -    *-S*.r  fossa, — w-hich  is  made  very  evident  by  shniggiiijj  the  shoulders.  and  across 

'T-**^^^  the  posterior  l)elly  of  the  omo-hvoid  runs  and  can  (jfun  l>e  seen  and  felt  in 

■JlT*^  jraersons,  es]K'cially  durin^;  inspiration  ornhen  the  head  is  tiirned  tciwards  the 

"j^^^^site  side  (Kij;.  54S).     The  line  of  the  muscle  is  from  the  suprascapular  notch, 

^^^*:ly  ascending  to  the  anteriur  niar^in  of  ihe  sterni.-mastnid  at  a  K-vel  uitli  ihe 

°^     ^*i«i  cartilage  and   ihen  ra[.idly  ascending  to  the  body  of  the  hyoid,     Below  its 
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One  of  these  triangle«,  the  posterior,  is  biiundud  by  the  latcral  border  of 
tho  ui»|n.-r  part  o(  tlii;  trnpezius  lichind  and  by  the  latt-ral  border  of  the  stcrno- 
cleido-nia.sti>i<)  in  front,  atid  has  for  ils  base  the  iii)|)cr  border  o(  the  davicle 
betwcen  the  insertioii  o(  these  lwo  iiinscles.  The  anterior  triangle  is  reversed  with 
respcct  to  the  posterior  one,  having  its  ;i|>ex  d«wiiward  and  its  base  above,  lis  lateral 
bonn(htry  is  the  mediiil  border  of  the  sterno-cleido-inastoid,  its  niedial  lxtiindary  is 
the  median  line  of   the  iieck,  and  its  l»ase  is  formed  by  the  lower  tiorUer  of  the 

manthblc 


Fig.  543. 


line 
extendinK  horiznntalIy 
backuard  Ironi  the  an- 
gle  of  tile  maiidibl«  to 
the  niastoid  pn.iccss. 

Each  of  the:<e  two 
triangles  is  again  di- 
visil^le  into  sul>ordiiiate 
trian^Ies  by  the  mua- 
cles  which  crosa  them. 
Thus  the  imstcrior  tri- 
angle is  divided  by  the 
inferlorl»ellyofthcoma- 

____    _^  _^  hvoid,  which  crosses  it 

i«"oB čV-oTiD  I««««  obliquely,  intoaiiii])per 

ir>-hyp.iii  aiiirtiot  bfiiv      '"'  of"pilal  Matig/f  and 
a  lower   or  subelaviaa 
»iDBumiiB  triangle,  while  the  an- 

HuuuLaiii  THUMi  terior  triangle  is  divisi- 

ble  into  three  trian(rie!i 
by  the  superior  bellv  of 
f>  the  onio-hyoid  and  the 

posterior  bellv  of  the 
digastric.  Thelo»cstof 
these  triangles,  tcnmed 
the  muscularoi  inferior 
carotid  triangle,  has  its 
base  along  the  median 
sides  bein^  formed  by  the  sterno-deido- 
mastoid  belo»-  and  the  superior  belly  of  the  oino-hyoid  above.  The  superior  carotid 
triangle  has  its  base  alon^r  tlic  upper  |>art  of  the  sterno-cleido-mastoid  and  its  apcx 
directcd  medially  ;  its  sides  are  fonned  by  ihe  sn|)erior  belly  of  the  omo-hvoid  below 
and  the  posterior  belly  of  the  di)>astric  al»ove.  Finally,  the  submaxillary  or  digastric 
triangle  is  the  basal  portion  of  the  original  anterior  triangle,  and  is  bounded  below 
by  the  two  bellics  of  the  digastric  ninsrle  and  above  by  the  line  of  the  lower  border 
o(  the  mandible  and  its  continuation  posteriorIy  to  the  sterno-mastoid  muscle. 

(r)  THK  HVPOSKKI.ETAI.  MrSCI.ES. 

I,    Longus  collt,  2.    Rectns  capitis  anticus  major. 

^.    Rectus  capitis  anticus  niiiior. 

I.   LoNcii^s  Coi.i.i  (l-"ig.  544). 

Attachments. — The  longus  cnlli  forms  an  elongated  Iriangular  band  vhoM 
Ikiso  is  tonards  the  median  line  and  the  »ide-angletl  apex  directed  laterally.  It  niay 
be  regarded  as  consisting  of  three  [lortions.  The  medial  portion  consists  of  libres 
tthich  arisf  from  ihe  liodies  of  the  iipper  three  thoracic  and  lower  two  cer\ical 
vertelira-.  fonning  a  miiKCiilar  band  which  is  instrlcd  into  ihe  l>odies  of  the  thr^e  or 
fiiiir  iipper  oiTvir-al  v  t- rt  il  mi-,  the  slip  10  tlii-  altas  tx.-ing  inserted  into  its  anterior 
tulHircte.  Froni  the  Imver  pari  of  the  niclial  p..rtinn  sli[is  are  given  ofi  »hich  con- 
stitiite  the  inferior  ohliijue  portion.  and  are  inserted  inio  tlii'  irans\x'rse  jirocesses  ol 
the  tifth  and  si.\th,  and  sonic-tiines  als<i  of  the  fonrih  and  sevcnth.  cer\'ical  vcrtebrx. 


line  and  its  apex  directed  latcrallv, 


r 


THE  CERVICAL   MUSCLES. 


549 


And,  tinally,  the  superior  oblique  portion  is  formed  by  sHps  arising  from  tlie  trans- 
verse  processes  of  the  sixili  to  the  tliird  cervical  vertebra;  and  joJning  the  upper  part 
o/  the  medial  portion, 

Nerve-Supply. — P"rom  the  anterior  di\isions  of  the  second,  third,  and  fourth 
cerv-ical  nerves. 

Action. — To  bend  the  neck  ventrally  and  laterally. 


Xj>ngas  colll.  med. 


T:Tn 


RrcTUR  CAriTis  Anticiis  JTaj< 

rapitis  antJciis    n 


il-'iK-  544)- 


Attachmcnts.— The  r-cius 
^^overs  the  upper  |>art  of  the  lonifti; 
*ransYerse  processfs  of  the  third  to  the  si.\tl 
Vjpward  to  be  hufrttd  into  thu-  l>asilar  poni 
fiharvngeal  t  ubere  le. 

Nerve-Supply. — From  <he  ;int<.rior  divisiims  of  the  second,  third,  and   fonrth 
cervical  ner\es. 

Action. — To  flex  the  head  and  rotate  it  slightly  towards  the  opposite  side. 


I  :n.  Iimi^is  caiiitis)  |)artly 

'isrs  by  lonr  tt-ndinous  slips  from  the 
.■r\ic\Ll  \-ertcbr;t,  and  passes  dircctly 
(if  ihir  occipital  l>one,  lateral  to  the 
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The  space  between  cand  b  (3^,  Fig.  545)  is  occupied  only  by  the  grcat  vessels 
and  the  pneumogastric.  Infection  there — i.e.,  \vithin  the  sheath — may  mean  de- 
scending  thrombosis  from  original  infection  of  a  cerebral  sinus,  or  may  ha  ve  spread 
directly  through  the  sheath  from  infected  tracts  of  cellular  tissue  outside.  Behind 
b.  Fig.  545  ( retrovisceral  space),  suppuration  is  not  unconimon  as  a  result  of  verte- 
bral  disease.  Direct  infection  through  the  pharyngeal  vvall  usually  involves  the 
retropharyngeal  space.  In  either  čase  dysphagia  and  ciyspn<jea  are  usual  for  obvious 
reasons. 

Between  b  and  f,  Fig.  546  (pretracheal  and  prevcrtebral  layers),  abscess  would 
spread  most  readily  along  the  line  of  the  trachea  and  in  front  of  the  vessels  into  the 
superior  mediastinum. 

In  the  intra-aponeurotic  space  (Space  2,  Fig.  546)  an  abscess  would  probably 
point  superficially,  as  the  fascia  in  front  of  it  is  very  thin.  If  it  \vere  influenced  by 
gravity,  houever,  it  \vould  follow  the  hyoid  depressors  and  thcir  intermuscular  spaces 
to  the  root  of  the  neck,  and  might  enter  the  superior  mediastinum. 

Two  additional  and  important  spaces  are  formed  by  extensions  or  reduplications 
of  the  cervical  fascia.  That  portion  of  the  superficial  laver  above  the  le  vel  of  the 
angle  of  the  inferior  maxilla,  and  passing  from  that  bone  to  the  zygoma,  constitutes 
the  parotid  fascia,  which  on  the  surface  is  continuous  with  that  over  the  masseter, 
while  beneath  it  becomes  thickened  to  constitute  the  stylo-maxillary  ligament,  sep- 
arating  the  parotid  and  submaxillary  glands  and  resisting  overaction  of  the  external 
pterygoid  muscle.  As  the  outer  fascia!  investment  of 
the  gland  is  dense  and  resistant,  and  as  internal  to  ihis  Fig.  547. 

ligament  the  inner  layer  is  thinner  and  weaker  than 
elsewhere, — a  positive  gaj)  existing  between  ihe  stvloid 
process  and  the  pter>*goid  muscle, — suppuration  within 

the  gland  may  result  in  extension  to  the  retropharvngeal       /.^  \    m \io-hyoid  muscle 
region.      It  may  follow  the  extcrnal  carotid  down\vard  to 
the  chest,  or,  as  the  fascial  investment  is  also  incomplete 
above,  may  extend  upward  to  the  base  of  the  skull,  or  __^__^^_ 

even  into  the  skull.      It  sometimes  follous  the  branches  ^"^""TT^^P^"^^***  ^^^ 

of  the  third  division  of  the  fifth  nerve  through  the  fora-  /  Ouicriaycr of  fascia 

men  ovale  into  the  Cranium.  Inncrlayerof  fascia 

The  second  space  alluded  to  is  formed  bv  that  por-       Submaxmar>'  giand 
tion  of  the   superficial   layer    between    the   ja\v  and  the     ^.^rbl^^t^efaS 
hyoid  bone  and  m  front  of  the  stvlo-mandibular  ligament.     vicai  fascia. 
As  it  passes  forsvard  from  the  latter  structure  it  splits  and 

envelops  the  submaxillary  gland,  and  becomes  firmlv  attached  below  to  the  hyoid 
and  above  to  the  lower  iaw  externally  and  the  under  surface  of  the  mylo-hyoid 
muscle  internally  (Fig.  547).  Infection — *' Ludwig's  angina,"  "  submaxillary 
phlegmon,"  '*deep  cervical  phlegm.on" — in  this  space,  \vhich  contains  the  salivary 
gland  and  its  attendant  lymphatics,  is  rendered  exceplionally  grave  by  the  density 
of  these  fascial  lavers.  The  infecting  organisms — usuallv  streptococci — may  gain 
access  through  a  lesion  of  the  fioor  of  the  mouth  near  the  frenum,  or  from  an  alveo- 
lar  abscess,  or  by  \vay  of  the  digastric  muscle  from  a  focus  of  disease  in  the  middle 
ear.  Once  established,  they,  with  their  secondarv  products,  are  forced  along  the 
lines  of  least  resistance — by  the  side  of  the  mylo-hyoid  usually — towards  the  base 
of  the  tongue,  involving  the  cellular  tissue  about  the  gloitis  and  along  the  vessels 
that  perforate  the  fascia,  causing  infective  venous  thrombosis  and  invoKing  the 
deeper  planeš  of  connective  tissue.  Under  the  latter  circumstances,  if  tension  is  not 
promptly  relieved,  large  vessels  may  be  opened  by  the  necrotic  process.  Jacobson 
long  ago  called  attention  to  the  interesting  fact  that  Communications  bet\veen  ab- 
scesses  and  deep  vessels  have  usually  taken  j^lace  beneath  the  cervical  fascia  and 
the  fascia  lata,  two  of  the  strongest  fasciae  of  the  bodv. 

Tumors  of  the  neck  mav  originate  in  any  of  the  diverse  structures  of  that 
region.  It  may  be  mentioned  here  that  their  situation  above  or  beneath  the  cervical 
fascia  is  an  important  factor  in  determining  their  mol)ility,  and  hence  the  probable 
ease  or  difficultv  of  their  removal.  In  the  latter  situation  associated  pressure- 
syniptoms  are  common. 
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Lipoma  is  frequent ;  fibronia  and  enchondroma  are  occasionally  seen  in  the 
region  c»f  thc  liganientum  nuchit  ;  primarv  carcinoma  is  rarc. 

Congenital  cysts — "  hydroceles" — of  the  neck  are  fouiid  beiieath  the  deep  fascia, 
usuallv  in  the  anterior  triangle  and  belo\v  the  le  vel  of  the  hyoid.  They  may  arise 
from  dilatation  of  the  lyniphatic  vessels,  or,  as  Siitton  suggests,  they  may  origiiiate. 
as  do  the  cervical  air-siics  in  some  monkevs,  especially  the  chimpanzees,  by  the 
formation  of  diverticiila  froni  the  larvngeal  nuicous  membrane.  In  anv  event,  they 
ramify  in  the  various  intermuscular  spaces,  and  their  completc  removal  is  therefore 
very  difticult. 

Branchial  cysts  and  dermoids  are  not  infrequent.  They  should  he  stiidied  in 
connection  vvith  the  embryology  of  the  region. 

Congenital  tumor  of  the  sterno-mastoid  is  a  condition  resulting  from  either  rup- 
ture  of  muscular  fibres  or  bruising  of  the  muscle  against  the  under  surface  of  the 
symphysis  during  delivery.     It  may  be  a  cause  of  torticollis. 

Torticollis — "  wry-neck" — may  be  due  to  spasm  of  the  sterno-mastoid  either 
alone  or  associated  \vith  a  similar  condition  of  the  trapezius,  especially  the  clavicular 
portion,  and  often  of  the  scaleni  or  the  complexus.  Later  there  is  apt  to  be  second- 
ary  contraction  of  the  deep  fascia  and  of  the  posterior  cervical  muscles.  Tenotomy 
of  the  muscle  for  the  relief  of  this  affection  is  performed  at  a  level  just  above  its 
sternal  and  clavicular  insertion.  The  subcutaneous  method  has  been  largely  dis- 
carded  in  favor  of  division  through  an  o[)en  \vound.  By  the  former  plan,  not  only 
were  the  anterior,  and  sometimes  also  the  external,  jugular  veins  endangered,  but  the 
cervical  space  descrilx?d  as  "  visceral"  was  occasionally  opened,  and,  if  infection 
occurred,  with  fatal  results  from  septic  cellulitis  or  pleurisy. 

Section  of  the  spinal  accessory  nerve  may  be  resorted  to  when  the  spasm  is 
limited  to  the  sterno-mastoid  and  trapezius,  or  of  the  posterior  primary  divisions 
of  the  first,  second,  and  third  cervical  nerves  vvhen  the  posterior  muscles  are  involved. 

Landmarks. — Athough  but  fe\v  organs  belong  exclusively  to  the  ncck,  a  great 
many  structures  of  much  diversitv,  and  connecting  the  trunk  and  head,  i)ass  through 
it.  The  "landmarks"  vvill  therefore  be  found  in  relation  to  difierent  svstems, — vas- 
cular,  nervous,  etc. , — those  given  here  referring  chiefly  to  the  muscles  and  their  effect 
upon  surface  form. 

The  mid-line  posteriorlv  has  alreadv  been  described  in  its  relation  to  the  spines 
of  the  cervical  vertebne  (pages  1 46-1 48). 

(^n  the  sides  of  the  neck  the  platvsma,  \vhen  in  action,  produces  inconspicuous 
wrinkling  of  the  skin.  Its  fibres  are  in  a  line  from  the  chin  to  the  shoulder.  The 
sterno-mastoid,  ruiming  obliquely  from  the  skull  to  the  sternum  and  clavicle.  divides 
each  lateral  half  of  the  neck  into  t\vo  triangles.  The  anterior  of  these  is  bounded 
al>ove  by  the  lo\ver  bordcr  of  the  inferior  maxilla  and  a  line  extending  from  the  angle 
of  that  bone  to  the  nicistoid  process  ;  anteriorly  by  a  straight  line  between  the  middle 
of  the  chin  and  the  sternum  ;  posteriorly  by  the  anterior  l)order  of  the  sterno-mas- 
toid. Its  apex  is  at  the  middle  of  the  upper  edge  of  the  manubrium.  The  posterior 
triangle  is  lx)unded  posteriorlv  by  the  anterior  edge  of  the  trapezius,  the  hinder 
edge  of  the  sterno-mastoid  in  front,  and  the  middle  of  the  clavicle  below.  Its  apex 
is  just  behind  the  miustoid  process. 

It  uill  be  seen  that  by  this — the  usual — description  those  structures  lying  imme- 
diately  beneath  the  sterno-mastoid  would  be  excluded  from  lx>th  triangles.  It  is  cus- 
tomary,  houever,  to  include  the  common  carotid  and  internal  jugular  vein  in  the 
anterior  triangle,  although  they  are  both  under  cover  of  the  anterior  edge  of  the 
sterno-mastoid. 

The  anterior  triangle  is  divided  into  three — the  superior  carotid,  the  inferior 
carotid,  and  the  submaxillary — bv  the  digastric  muscle  and  the  anterior  belly  of  thc 
omo-hvoid.  The  |)<>stt*ri()r  bellv  of  the  omo-hvoid  divides  the  posterior  triangle  into 
a  lo\ver  or  suhclavian  and  an  ui)|)or  or  occipital  triangle.  The  stmctures  induded 
\vithin  tlu*se  \ari(jus  triangles  \vill  be  described  in  connection  \vith  the  vessels, 
nerves,  rte 

The  »lividing  line  bet\veen  the  t\vo  main  triangles — the  sterno-mastoid — can  be 
lx)th  seen  and  felt  if.  \vith  the  mouth  closcd,  ihr  chin  is  depressed  and  the  skull  is 
rotated  tovvards  the  opposile  siioulder.     The  thick,  prominent,  rounded  anterior  bor- 
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der  can  then  be  niade  out  from  mastoid  to  sienium,  bul  i:i  more  accL-iituatcd  below, 

where  the  sternal  heud  is  salk-nt  and  sharplv  defiiiod.     This  tliin  posterior  bordcr  niay 

be  felt  va^elv  at  the  uppcr  part,  but  cunnot  be  scon.      At  aboiit  tlie  lower  third  it 

i»eeomes  visible  and  is  continued  into  tht-  broader  and  flatttr  cliivictilar  head.     The 

niiddle  of  the  inuscle  is  scL-n  throughout  most  of  its  lenjjth  as  a  tlc;sliy,  roiindcd 

elevation.     Over  it,  and  usiial!y  plainly  visible,  is  the  f.tlernal  jujjiilar  vcin,  running 

£>«i^tween  the  platy5nia  and  the  decp  fascia  in  a  line  froni  tlic  anjiie  of  llie  jaw  to  the 

cr^ntre  of  the  clavicle.      In  rest  the  anienor  border  is  stili  visible.      The  position  of 

t /i  C  muscle  on  the  side  towards  which  the  head  ii  turned   is  indicated  by  a  slight 

yu  xTow  in  the  skin.     The  musclcs  partly  ovcrlapped  by  the  si  er  no -mastoid  are.  from 

a  £>ove  downward,  the  splenius,  levator  scapulse,  digastric,  onio-hyoid,  sterno-thyroid, 

LMrm  <i    stemo-hyoid. 

Fi«.  548. 


Suifiice  Burklngs  of  neck,  fram  living  sub)ect. 

The  intenal  bctwecn  the  sternal  and  cla\iciilar  hcads  of  the  muscic  is  indicated 
a  slight  depression. — the  lesser  snpraclavlcular  fossa, — and  Ls  boundcd  bclow  by 
upper  edge  of  the  inner  tbird  of  the  clavicle,  Bcneath  it,  about  on  a  line  wilh 
sternal  end  of  the  clavicle.  lie  on  the  right  side  ihe  bifurcation  of  ihe  innoniinate 
:ry  and  on  the  left  the  conniion  caroiid  arterv. 
Between  the  outir  edgc  of  the  clavicular  head  of  the  stcrno-masloid  and  the 
itorior  edge  of  ihe  trapezius  is  a  brtKid,  Hat  de]>res,sion, — the  siipracla- 
^*^ular  fossa, — whiih  is  inade  very  cvident  by  shrngginj;  the  shoiildirs,  and  across 
^^liich  the  posterior  belly  of  the  onio-hvoid  mns  and  can  ofien  lie  scen  aiid  felt  in 
^Hin  pcrsons,  especiall)-  during  inspiration  or  tthen  the  head  is  turned  tmvards  the 
^-^pposite  side  (Fig.  54R).  The  line  of  ihe  mnscle  is  from  the  suprascapular  notch, 
^Jijjhtlv  ascending  to  the  anteririr  marijin  <ff  the  sterno-niastcid  at  a  levei  with  the 
^ricoid  cartilage  and   then  r.ipidly  ascending  to  the  body  of  the  hyoid,     Below  lis 
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whence  it  istermed  thenj.  fiubo-eoccygeus ;  »'hile  tiiecitlier,  sitimled  beneath, — i.e.,  siiperficial  to 
thc  pubo-coci:yK(;us,^consistsof  thuse  libres  which  arisL-  froni  Ihe  pubis  and  are  inserted  into 
tbe  rectutn,  antTis  termed  tht  m,  puio-rectalis. 

It  mav  be  added  tbat  in  the  lower  mammals  tiie  miiscles  corresponding  to  the  ilii>coc- 
c^Seus  and  puboK:occ}'geus  are  inserted  inlo  the  caudal  vertebrs  and  act  as  lateral  flexors  of 
the  tail. 

2.   Coccygl:us  (Figs.  551,  603). 

Attachments. — The  coccygeus,  which  forms  the  posterior  and  lesser  portion 
of  the  diaphragmu  pelvis,  lies  iinmediately  behind  the  lovator  ani.  It  arucs  from 
the  spine  of  the  ischium  and  is  inserted  into  the  sides  of  the  sacrum  and  coccyx. 

Nerve-Supply. — From  the  third  and  fourth  sacral  nervcs. 

Action. — To  assist  the  levator  ani  in  raising  the  pelvic  floor.  It  also  f1exe9 
the  coccyx  laterally. 

VariAtlona.— Occasionally  the  insertion  of  the  cocc)^ub  is  confined  to  the  sides  of  the 
sacrum,  in  which  cases  its  coccvgeal  area  is  occupied  by  tibrcs  of  the  levator  ani.  The  muscle 
is  sometimes  termed  the  ischio-cočcygens.  and  is  represenled  in  the  lower  mamnials  by  a  muscle 
altached  to  the  caudal  vertebne  and  acting  as  a  lateral  flcxor  of  the  lail. 

The  Saero-Coccvgnts  Anlerior. — Occasionally  miisculjir  fiftres  are  10  be  found  arising  from 
the  ventral  surface  of  ihe  sacrnm  and  insening  inio  ilie  coccyx.  They  fomi  «hat  is  termed  the 
sturo-coecjfgeus  anterior  or  curvaior  eoecyi;is,  and  apparen[ly  Itelung  to  the  hyposkeletal  group 
of  muscles. 

3,     PVRIFORMIS    (Figs.    551,   552,  602.) 

Attachments. — The  pyriforniis  (m,  |»irif(irmis )  arhes  from  the  ventral  surface 
of  the  sacrum,  betvvecn  the  first,  seconil,  thirti,  ;«id  fourth  sacral  foramina.  It 
passes  laterall  y  th  ro  u  gh 
the  great  sciatic  fora- 
men,  receivingabundle 
of  fibres  from  the  upper 
margin  of  the  foranien, 
and  is  inserted  into  the 
summit  of  the  great 
trochanter,  its  teiuUin 
short1y  before  its  inser- 
tion becoming  cl(isely 
unitcd  with  that  nf  the 
obturator  internus. 

Nerve  -  Supply. 
—  By  brane hes  from  the 
sacral  plexus  from  the 
first  and  second  sacral     ?-!^™'°5 
nerves.  \<&m 

Action. — Tn  ro- 
tate  the  thigh  oiitward 
and  to  draw  it  sliRht]y 
outward  and  back- 
ward. 

Relations.  —  By 
its  anterior  surface. 
while  within  the  pelvis, 

the  pvriformis  is  in  relation  to  the  sacnil  picxus,  the  anterior  branches  of  tlie  iiiternal 
iliac  vessels,  and  the  rectum.  It  lies  immcdiatcly  above  the  upper  border  of  the 
coccygeus  muscle.  Oiitside  the  pchis  it  is  iisually  separated  from  the  capsule  of  the 
hip-joint  by  the  gluteus  minimus  and  is  ci>vered  by  the  gluteus  medius.  Above  the 
upper  border  of  the  muscle  at  its  cxit  from  the  greater  sciatic  foranien  are  the  gluteal 
vessels  and  the  superior  ghiteal  nerve,  whilc  l>cl()w  its  !ower  l)order,  betucen  this  and 
the  superior  gemellus.  are  th('  sciatic  and  internal  [ludic  vessels  and  the  pndic,  sciatic, 
stnall  sciatic,  and  inferior  gluteal  nerves.  A  bursa.  the  burna  m.  pvriformis,  inter- 
venes  between  the  tcndon  of  the  muscle  and  the  summit  of  the  great  trochanter, 
.16 
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VariatitHia. — The  pyriforTnis  is  occa!;ionaI1y  absent.  and  it  may  be  more  or  less  fused  with 
the  gluteuK  minimus  or  medius.  Fr«quently  it  is  divided  into  lwo  or  more  portiuns  by  bcinf 
petforated  by  the  sciatic  nerve. 

From  tne  com{>arative  stand-point  the  pyriformis  \s  to  be  regarded,  in  part  al  aH  et'ent5,  as 
a  ponion  uf  the  musciilature  eKtending  belween  the  axial  sUdeton  and  the  pelvic  Kirdle  or  limb. 
and  Is  represented  in  the  1ower  vertetuates  by  Ihe  caudo-fetHoralis. 

(*)  THE  PERINEAL  MUSCLES. 


1.  Sphincter  ani  externus.  4.   Bulbo-cs 

2.  Transversus  perinm  superficialis.       5.  Transversus  periiuei  profundus. 

3.  Ischio-cavernosus.  6.  Compressor  urethr£e. 

In  the  early  stages  of  development,  vvhile  the  urogenital  ducts  and  the  digest- 
ive  tract  open  into  a  common  terminal  C3vity,  the  cloaca,  muscle-fibres  derived 
from  the  second,  third,  and  lourth  sacral  myotomes  arrange  themselves  in  a  flat 
layer  around  the  external  aperture  of  the  cavity,  iorming  what  is  termed  the 
sphincter  cloaca.  Later,  with  the  division  o(  the  cloaca.  into  a  urogenital  and  a 
rectal  portion  and  the  resutling  formation  of  the  perineum,  this  primarv  sphincter 
hecomes  divided  into  two  portions,  one  of  which  forms  a  sphincter  ani,  while  the 
more  anterior  portion  gi^'e3  rise  to  the  muscles  of  the  perineum.  The  fibres  of  this 
latter  portion  undergo  various  modiBcations  in  accordance  with  the  changes  which. 


Fig.  553. 


Triangutar  ligimcm.  .0 

Deep  periiics]  inienpi 
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f™i..«,p.,=„™™: 

DiaRnmnuUc  »situl  kckuii,  ihovrlng  iclalions  o[  fuciil  liy«ii  of  perineum. 


take  plače  in  the  urogenital  sinus,  and  a  horizontal  separation  of  the  originaf 
sphincter  into  two  layers  also  occiire,  whereby  the  perineal  muscles  are  arranged  in 
two  layers  separated  by  the  superior  fascia  of  the  urogenital  trigone. 

The  muscles  formed  during  these  changes  retain  the  original  sheet-Iike  form  of 
the  sphincter  cloaca;  and  are  for  the  most  part  pale  in  color,  resembling  not  a  Itttle  in 
their  general  character  the  platysma  muscles  of  the  face.  They  show  a  consideraUe 
amount  of  differencc  in  their  development  in  different  individuats,  numerous  acces- 
sory  muscles  having  becn  de3cril>f<l  tiy  various  authors,  some  of  which  wDI  be 
referrcd  to  in  the  surceeding  descriptions. 

The  Superficial  Perineal  Fascia. — The  superficial  pcrineal  fascia,  heing 
continunns  antt'rii)rl)-  with  the  superficial  iascia  of  the  lower  portion  of  the  anterior 
ulKtnminal  w;ill.  is,  liku  this.  com|>osed  of  two  layere.  The  more  superficial  layer 
usuallv  rontains  a  cerUiin  amoimt  of  fat.  and,  as  in  the  nbdomcn,  is  really  the  pan- 
niciiliis  adiprisuK  of  the  skin.  The  defjKT  l.iver,  which  has  been  termed  the  fasdn 
of  Coiks,  fomis  a  continuoiis  membrane  uhich  is  attached  at  the  sides  to  the  rami 
of  the  pulK^  and  ischia  and  in  front  bccomes  cuntinuous  u'ith  the  dartos  of  the 
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scrotum  (or  fascia  of  the  labia  majora)  and  on  either  side  of  this  with  the  corre- 
sponding  layer  of  the  abdomen.  Behind  it  unites  with  the  posterior  border  of  the 
trigonum  urogenitale  on  a  line  extending  between  the  two  ischial  tuberosities,  and 
thence  is  continued  backward,  forming  a  single  sheet  with  the  superficial  layer,  to 
unite  with  the  superficial  fascia  of  the  gluteal  region.  This  posterior  portion  of  the 
superficial  perineal  fascia  may  conveniently  be  termed  the  circiimanal  fascia. 

By  the  union  of  the  deep  layer  of  the  superficial  fascia  with  the  triangular  liga- 
ment  behind,  an  almost  completely  enclosed  space  is  formed  between  the  two  stnic- 
tures  ;  it  is  open  only  anteriorly  where  it  communicates  with  the  areolar  spaces 
between  the  superficiaJ  and  deep  layers  of  the  abdominal  fasciae.  This  space  is  the 
superficiai  perineal  interspace^  and  contains  the  bulb  and  spongy  portion  of  the 
urethra.  the  corpora  cavemosa,  and  certain  of  the  perineal  muscles. 

The  Trigonum  Urogenitale. — The  trigonum  urogenitale,  more  usually  called 
the  triangular  liganient  of  the  perineum,  is  formed  by  the  deep  fascia  of  the  peri- 
neum,  and,  like  the  superficial  fascia,  is  composed  of  K^ko  layers,  the  superior  and 
inferior  (fasciae  trigoni  urogenitalis  superior  et  inferior).  At  the  sides  both  layers  are 
attached  to  the  rami  of  the  pubes  and  ischia,  in  front  to  either  ^%t  of  the  lower 
border  of  the  pubis,  and  behind  they  unite  with  each  other  and  with  the  deep  layer 
of  the  superficial  fascia  along  a  line  extending  transversely  across  the  perineum 
between  the  tuberosities  of  the  ischia.  Between  the  two  layers  there  is  a  completely 
closed  space,  the  deep  perineal  interspace^  in  which  are  to  be  found  the  membranous 
portion  of  the  urethra,  the  bulbo-urethral  glands,  the  pudic  vessels  and  nerves,  and, 
m  front,  the  subpubic  or  arcuate  ligament  of  the  pubis. 

At  their  lateral  insertions  the  layers  of  the  trigone  are  continuous  with  the 
obturator  fascia,  and  the  superior  layer  is  fused  above  with  the  portion  of  the  fascia 
endopelvina  which  invests  the  lower  surface  of  the  prostate  gland  (or  the  base  of  the 
bladder).  The  trigone  is  perforated  by  the  urethra  and,  in  the  female,  by  the  vagina, 
and  anteriorly  the  dorsal  vein  of  the  penis  passes  through  it  immediately  behind  the 
subpubic  ligament  of  the  pubis,  the  fibres  of  the  trigone  immediately  behind  the 
opening  for  the  vein  being  thickened  to  form  a  transverse  band  known  as  the  trans- 
ver  se  ligament  of  the  peivis, 

I.  Sphin'cter  Ani  Externus  (Fig.  554). 

Attachments. — The  extemal  sphincter  of  the  anus  consists  of  a  group  of 
fibres  which  surround  the  terminal  portion  of  the  rectum,  the  superficial  fibres 
standing  in  close  relationship  with  the  integument.  Its  fibres  arise  posteriorly 
from  the  coccyx  and  from  the  raphe  extending  from  that  bone  to  the  anus,  and, 
passing  fonvard  around  the  anus,  are  inserted  into  the  superficial  fascia  and  the 
central  tendon  of  the  perineum,  and  may  in  some  cases  be  continued  forward  to 
join  with  the  fibres  of  the  superficial  transverse  perineal  and  bulbo-cavemosus 
muscles. 

The  central  tendon  of  the  perineum  is  situated  in  the  median  line  about  2. 5  cm. 
in  front  of  the  anus,  and  is  the  point  of  union  of  five  muscles, — namely,  the  extemal 
sphincter  ani,  the  two  superficial  transversi  perinei,  and  the  bulbo-cavernosi. 

Nervc-Supply. — From  the  fourth  sacral  nerve  and  the  inferior  hemorrhoidal 
branches  of  the  pudic. 

Action. — To  close  the  anal  aperture.  It  also  serves  to  fix  the  central  tendon 
of  the  perineum  during  the  contraction  of  the  bulbo-cavernosi. 

Var^tions. — The  common  embr\'ological  ori^n  of  the  extemal  sphincter  ani  and  the  perineal 
fnusdes  is  indicated  by  the  extension  fon%'ard  of  the  fibres  of  the  fonner  to  join  the  bulbo-caver- 
nosus,  and  occasionalIy  a  fasciculus  of  it  extends  as  far  foruard  as  the  base  of  the  scrotum, 
forming  what  has  been  termed  the  retractor  scroti. 

The  longitndinal  muscie-fibres  of  the  lovver  portion  of  the  rectum  pass  beIow  into  a  sheet 
of  connective  tissue,  uhich  divides  into  three  more  or  less  distinct  layers  extending  to  the 
integument.  The  oiiter  two  of  these  lavers  traverse  the  substance  of  the  extemal  sphincter 
ani,  a  portion  of  the  oiitermost  one  iK-inp  continued  backward  to  the  rej^^on  of  the  cocc>*x  on 
each  side  of  the  median  line  as  a  moderatelv  stronjc  band  knoun  as  the  ano-coccygeal  ligament. 
By  these  layers  of  fibroiis  tissue  the  external  sphincter  is  divided,  sometimes  quite  distinct]y, 
into  three  portions  \vhirh  have  l)een  rejjarded  as  distinct  muscles.  One  of  these  lies  imme- 
diately  beneath  the  skin  surrounding  the  anus,  and  has  consequently  been  termed  the  sphincter 


564 


HUMAN   ANATOMV. 


suAiu/antus.  The  ipkivcter  supfrjiaatis  is  thiit  {Kirtion  of  the  muscic  which  lies  above  and  to 
11)0  outtr  sidc  lil  llie  spliiiictcr  siilKTiiluneus,  uhilc  more  itLt;ply  slill.  and  fumiing  a  rinK-like 
mass  uf  fibrcs  cl()M<:ly  ciicirclint;  ihe  rtiniil  wnll,  is  Ihc  sphittcter  profundas.  It  ik  (rum  th« 
sphincler  NulKUtniiL-us  thal  the  retractor  scroti,  wh«i  |>resi;nl.  !<<  dtrived,  nnd  librt-s  from  th« 
sphincter  superficiiilis  arv  f ru4iueiitly  prulun^L-d  in  front  of  the  anus  lo  variuus  insertioas,  as,  fur 
instance,  to  the  tuliL-r  ischii,  Ihc  l<>wt;r  laver  uf  the  triKununi  urt^enitale,  or  eveii  the  sheaiJi  of 
thf  cun>*'i^>  cavertKissi.  This  laytTinK  o(  th<,-  «xlenial  sphiiKter  is  urubiihlv  a  n-lic  of  the  sciiara- 
tion  uf  the  sphincter  cluiica:  into  twu  layers,  ihe  snl>('(itaneuus  and  su)>emcial  sphincters  repre- 
sentinR  a  portiim  of  the  suiierfictal  layer,  while  tlie  dee|>er  one  is  rcspunsible  fur  the  sphincter 
tMvrfntidus. 


2.   Transvkrsl-s  Pt:Ki> 


[  Sn-KKFiciAi.is  (Fitj.  554). 
Attachments. — The  superficial  transverae  perineal  inuscie  is  an  excecdingly 
variable  sheot  of  iiiuscle-fibrt-s  situated  in  the    poslerior  jiortiun  of   tlic  superticial 
perineal  interspaoe.      In  its  typicul  funii  it  niay  be  dcscribetl  as  a  band  of  tibrcs  which 

Fig.  S54. 


■u|>«liculi> 


CoccvKeu 


arises  Irom  the  medial  siirfacc  ol  the  ischial  tiiberosity  and  passes  directly  medially 
to  be  hist-rtedinto  the  central  tendon  of  the  periiieum. 

Nerve-Supply. — From  ihe  jierinc.il  bnuichc-s  of  the  pudic  nerve. 

Action. — To  assisl  in  tixinK  the  central  tendon  of  the  perincum  during  the 
contraction  of  the  bnlbo-cavernosi. 

Valiationi. — TI«'  muscic  may  occasiitiinllv  beer 
froin  Ih'-  anU-rior  ( piilii>-recial  I  (Mirtion  of  the  levatt 
and  in,ikes  cunnectioiis  u-iih  the  hiiHMj-cavemosi. 

3-    Is<-Hio-CAVKRM)st's  (Fij;.  554). 

Attachments.-  The  ischio-cavornoHiis,  also  nained  the  errctor penis  (eredor 
rlUoridis).  reprt-sents  the  lattral  |>ortion  i>f  the  sphincter  cloaca?.  The  two  muscles 
occupv  the  lateral  parts  tif  tlie  superlicial  perineal  intcrspace,  oach  arising  from  the 
biise  of  ihe  liibiTositv  of  thr  ischiiim.  cnrlosinjr  the  base  of  the  criis  penb  (elito* 
ridis  )  as  in  a  shtalli.  aiul  passini;  f()r«ard  to  bc  imfrted  into  the  corjius  cavernosum. 
The  miisile  in  thi-  female.iliflirs  from  ihal  of  the  male  oiiIy  in  size. 

Nerve-Supply.— [•rotn  the  perineal  branches  uf  the  pudic  nervo 
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THE   MUSCLES  OF  THE   UPPER   LIMB. 


THE   MUSCLES   EXTF:NDING   BETWEEN   THE   AX1AL   SKELETON 
AND  THE   PECTORAL   GIRDLE. 


(a)    TI!E  l'RE-AXIAL  MUSCLKS. 
I.    Pectoralis  major. 


2,    Pectoralis  minor. 


The  Pectoral  Fascia. — The  superfidal  pectoral  fascia  is  continuous  abov-e 
with  tlie  superficial  cervical  ant.i  beliiw  wilh  the  siiperficial  abdoniJna]  fascia;,  and 
covers  the  entire  anterior  wall  of  the'tIiorax.  It  usualty  contains  a  considerable 
amount  o(  fat  and  has  cnibedded  in  it  the  inninmary  ^land. 

The  deip  fascia  is  attached  above  to  the  clavicle,  and  lorms  a  thin  membrane 
dosely  adherciit  to  llie  surface  of  the  pectoralis  major,  at  the  lower  border  of  which 

Fig.  556, 
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it  tiecomes  continuous  wiih  the  axillary  fascia.  Mediallv  it  is  attached  to  the  \'entrat 
.surface  of  tile  stenium  and  lati-rallv  it  is  ciintinuous  with  the  fascia  coverinj;  the  deltoid. 
Iteneath  the  deej)  f;i,s<.-ia  ihere  arises  from  the  clavicle  a  second  sheet  of  fascia 
(.elavi-fnetoral  fasna\  iY\>^.  ^^b\  which  enolo^es  the  siit>clavius  muscic  and  is  then 
contiiiucd  iiowmvard  to  the  u|i|»er  l>ord(T  of  tlie  pectoralis  minor.  There  it  divides 
intu  two  shccts  tthich  rnchise  the  iniiscle  anti  at  its  lo«er  inarjfin  unite  to  form  a 
sinttle  sluti  uhirh  liccoini-s  c<mttiiuoiis  with  the  a\illary  fiLscia  close  to  the  lower 
hordcr  nf  the  |Kvtoralis  majur.  The  ]Kirtion  nf  this  fascia  w]iich  intervenes  betneen 
the  (Uiviile  and  the  siiliclavins  muscle  and  tlie  ii|)|ii.r  iKirder  of  ihc  i>ectorali5  minor 
is  lirniicl  tlti-  roraco-ilavifular /it.ifia  or  ftnlo-corafoiii  mimhanr.  It  is  prolon^^ 
lalt-rallv  alonji  llu-  uj.per  liorder  uf  the  peclnralis  minor.  over  the  npjjer  portion  of 
the  a.\i]]ary  vi^ssils,  to  llie  conici>i(i  process.  its  initer  pnrlion  l>einj;  thickened  to  fonn 
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a  band,  the  eosio-coracoid  ligatnenl  (Fig.  560),  which  passes  obIiquely  downward 
and  laterally  from  the  clavicle  to  the  coracoid  process.  The  coraco-clavicular  fascia 
occasionally  contains  muscle-fibres  (the  m.  coraco-clavkularis),  and  is  usual)y  perfo- 
rated  by  the  cephalic  vein  on  its  way  to  join  the  axillary,  by  the  thoraco-acrontial 
i»rtery,  and  by  the  external  anterior  thoracic  nerve. 

I.    Pectoralis  Major  (Fig.  557). 

Attachments.— The  pectoralis  major  is  a  slrong  ian-shapcd  muscle  situated 
^c3n  the  anterior  thoracic  wail.  It  is  composed  o(  three  portions  :  (i)  \\\^  pars  da- 
-^icularis,  which  arises  from  the  inner  half  of  the  anterior  border  of  the  clavicle  ; 
^j)  the /arj  stemo-costcdis,  which  arises  (rom  the  anterior  surface  of  the  stemum 
-1 — '---1  the  upper  six  costal  cartilages ;  and  (3J  \.hfi  fiorlio  abdoi>unalis.  which  arises  from 

Fig.  557- 


"^rhe  upper  part  of  the  anterior  laver  of  the  sheath  of  the  rectiis  aMominis.  From 
"^these  origins  the  fibres  are  directeti  laterally  to  l>c  inserlcd  into  llie  extcrnal  bicipital 
*Tdge  which  extencis  dovinvvard  from  the  greatcr  tiilxTOsity  of  the  hiimerus.  the  lower 
•~ibres  of  th«  aterno-costal  nmi  the  abdominal  portions  of  the  muscle  i^-isslng  behind 
^hose  of  the  clavicuhir  anii  upper  portiims,  so  that  the  tendon  of  inscrtion  is  L'-shaped 
*.  n  sectioa,  consistin^  of  twrj  lavers  se|)aratcd  ahove  biit  continuous  l>elow.  A  bursa 
*s  usually  interposed  hctw<.fn  the  posterior  surface  of  the  tendon  and  the  anterior. 
^»urface  of  the  long  henil  of  the  biceps  humtrri. 

Nerve-Supply. — From  the  extenial  and  intcrnal  anterior  thoracic  ner^■es  by 
■^bres  from  the  lower  (dur  cer\ical  and  the  first  thoracic  nerves. 
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the  scapulo-clavicularis  and  the  stemoclavicularis.     Each  of  these  may  occur  as  an  anomaly  in 

man,  the  stemo-clavicularis  appearing  under  various  forms,  and  passing  either  above,  behmd, 

or  in  front  of  the  clavicle.     It  snould  be  stated,  however,  that  there  is  a  possibilitv  that  some  of 

tJhe  varieties  of  the  stemo-clavicularis  niay  reallv  represent  persisting  portions  o!  the  muscular 

^^eet  which  has  given  rise  to  the  middle  layer  o!  the  cervical  fascia  and  to  the  sterno-hyoid  and 

^Jie  omo-hyoid  (page  545). 

In  the  lower  mammals  a  thin  muscular  sheet  invests  a  greater  or  less  portion  of  the  trunk 

M  Ml  intimate  association  with  the  integ[ument,  resembling  in  this  respect  the  platysma.     It  is 

^^rmed  ihe  panmcu/us  camosus,  and  m  man  is  normal]y  unrepresented.     Occasional  traces  of 

m  ^  are  found,  however,  and  of  these  the  most  frequent  is  the  muscle  of  the  axiUary  arch,  a 

meuhat  variable  band  of  muscle-tissue  which  passes  across  the  anterior  portion  of  the  axiliaiy 

vity  from  the  lateral  border  of  the  latissimus  dorsi  to  the  tendon  of  the  pectoralis  major.     It 

considerable  variation  in  its  insertion,  being  connected  sometimes  with  the  biceps,  the 

oraco-brachialis,  the  pectoralis  minor,  or  the  chondro-epitrochlearis,  or  being  united  with  slips 

m  the  abdominal  portion  of  the  pectoralis  major,  or  being  inserted  into  the  coracoid  process 

I  the  scapuia.     It  is  supplied  by  branches  from  the  anterior  thoracic  nerves. 

(b)  THE  POST-AXIAL  MUSCLES. 

1.  Serratus  magnus.  3.   Rhomboideus  minor. 

2.  Levator  anguli  scapulae.         4.   Rhomboideus  major. 

5.   Latissimus  dorsi. 

I.  Serratus  Magnus  (Fig.  558). 

Attachments. — The  serratus   magnus    (m.  serratus  anterior)  forms  a  large 

uscular  sheet  covering  the  lateral  \vall  of  the  thorax.      It  arises  by  nine  or  ten 

^    eshy  digiuitions  from  the  outer  surfaces  of  the  eight  or  nine  upper  ribs,  the  second 

b  giving  attachment  to  t\vo  slips.      Its  fibres  may  be  regarded  as  arranged  in  three 

roups  :  the  uppermost  groiip  consists  of  fibres  from  the  fi rst  and  second  ribs  and  is 

serted  into  the  ventral  surface  of  the  medial  angle  of  the  scapuia  ;  the  middle  group, 

om  the  second  and  third  ribs,  is  inserted  into  the  ventral  surface  of  the  .vertebral 

rder  of  the  scapuia  ;  \vhile  the  remaining  fibres,  constituting  the  strongest  portion 

f  the  muscle,  converge  to  the  inferior  angle  of  the  same  bone. 

Nerve-Supply. — By  the  long  thoracic  nerve  from  the  fifth,  sixth,  and  seventh 
^rvical  nerves. 

Action. — It  serves  to  keep  the  scapuia  closely  applied  against  the  thoracic 
rall  and  draws  it  laterally.      Since  the  portion  inserted  into  the  inferior  angle  is  the 
Trongest,  a  rotation  of  the  scapuia  is  produced  whcreby  its  lateral  angle  is  raised. 
y  this  action  the  serratus  plays  an  important  part  in  the  elevation  (abduction)  of 
arm,  since,  in  the  first  plače,  by  fixing  the  scapuia  it  allows  the  deltoid  to  expend 
11    its  action  on  the  humerus  instead  of  wasting  part  of  it  in  tilting  the  acromion 
ownward,  and,  in  the  second  plače,  after  the  deltoid  has  completed  its  action  and 
as  raised  the  arm  through  about  90°,  the  further  elevation  through  another  right 
ngle  is  accomplished  by  a  rotation  of  the  scapuia  resulting  from  the  action  of  the 
"SeiTatus  magnus  and  tra|>ezius. 

Vftriations. — Absence  of  a  portion  or  the  whole  of  the  muscle  has  been  observed.  Its 
origin  may  extend  as  low  as  the  tenth  rib,  and  it  may  receive  slips  from  the  transverse  processes 
of  Uie  cervical  vertebrae  and  from  the  levator  scapulae. 

2.  Levator  Anguli  Scapul.«  (Fig.  559). 

Attachments. — This  (m.  levator  scapulae)  is  an  elongated  muscle  on  the  lateral 
surface  of  the  neck.  It  arises  from  the  transverse  processes  of  the  upper  four  cer- 
vical vertebrae  and  passes  downward,  forvvard,  and  laterally  to  be  inserted  into  the 
medial  angle  and  outer  surface  of  the  vertebral  border  of  the  scapuia  as  far  down  as 
the  base  of  the  spine. 

Ncrvc-Supply. — By  the  dorsal  scapular  ner\'e  from  the  fifth  cervical  nerve. 

Action. — To  (lraw  upvvard  the  medial  angle  of  the  scapuia,  producing  a  rota- 
tion of  the  bone  contrarv  to  that  effected  by  the  serratus  anterior.  If  the  scapuia 
be  fixed,  the  action  is  to  bcnd  the  cervical  portion  of  the  spinal  column  laterally, 
rotating  it  slightly  to  the  opposite  side. 
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Variations — The  oriRin  may  extcnd  to  the  transverse  processes  of  nll  the  cervical  ver- 
tebn-,  and  may  be  contiiiued  upon  the  m.-i!itoi<l  prucess  čibuve  and  upun  jhe  upper  hhs  beluw. 
Slips  may  occur  connecting  the  Icvatur  wtth  vanoiis  neichborii)^'  muscles,  ihi-  most  interestinf; 
of  these  coiinectiuns  beln^  that  with  the  serratus  maKtiiis,  since  <:om|>arHtive  anatontv  sht>ws 
that  the  lev.ntor  u-as  priniarily  contintiuu.s  with  that  inuscie. 

A  NfiniriitL-d  jHirlkin  of  the  miler  part  of  the  iiiiiscle  is  uccasionally  iiiscrted  into  the  out«r 
end  of  the  rlavicle,  forming  w1iat  is  termed  the  levator  clavkultr. 

3.   Rhomhoideus  MiNOR  (Fifj.  559), 

Attachments. — The  rhomboidcuH  minor  is  a  band-likc  mii.scic  which  arises 
from  the  lower  part  of  the  liganieiitum  niich%  and  from  the  spinous  process  of  the 


S(a'f  Hu«  (Kitlirii« 


last  c<Tviral  viTl<.l>rn  aiui  piisscs  laterallv  and  (lownward  to  be  inserled  into  the  ver- 
telinil  hdriliT  of  the  scapiila  at  the  base  of  the  sjiine. 

Nerve-Supply. — Hy  the  <lorsal  scajHilar  nerve  from  the  fifth  cervical  ner\-e. 

Action. — To  draw  the  scapiila  iipuard  and  medially,  at  the  same  tirne  rotating 
it  so  that  the  lateral  an^k-  is  mnved  dounuard. 


4.    Rni)Miitnrn;i's  ^[AJ^lK   (Fifj;.  559). 


Attachments.— 
boith-iis  niinor,  am!  is 
of  the  foiir  iiinier  th< 


inmitiiatclv  siiccceds  the  rhom- 
iirisrs  froTii  the  spinous  proctrss« 
liL-  interventna  intcrspinous  li^a- 
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ments.  It  is  directed  downward  and  laterally  and  is  inserted  into  the  lower  two- 
thirds  of  the  vertebral  border  of  the  scapula. 

Ncrvc-Supply. — By  the  dorsal  scapular  nerve  from  the  fifth  cervical  nerve. 

Action. — To  draw  the  scapula  upvvard  and  medially,  at  the  same  tirne  rotating 
it  so  that  the  lateral  angle  is  moved  downward. 

Variations  of  the  Rhomboidei. — The  rhomboidei  are  sometimes  entirely  wanting,  and 
the  origins  of  both  muscles  may  be  extended  beyond  the  usual  limits. 

The  occipito-scapularis  is  a  muscie  cxx:asionally  present  which  is  intimately  associated  in 
its  derivation  with  the  rhomboids.  It  arises  from  the  inner  part  of  the  superior  nuchal  line  and 
passes  downward  between  the  trapezius  and  splenius  to  join  the  rhomboideus  minor,  insertin^ 
with  it  into  the  vertebral  border  ot  the  scapula. 

5.  Latissimus  Dorsi  (Fig.  559). 

Attachments. — The  latissimus  dorsi  is  a  large  triangular  muscie  which  arises 
from  the  spinous  processes  of  the  last  six  thoracic  vertebrae  and  the  intervening 
interspinous  ligaments  beneath  the  origin  of  the  trapezius,  from  the  lumbo-dorsal 
fascia,  from  the  posterior  portion  of  the  crest  of  the  ilium,  and  by  fleshy  digitations 
from  the  outer  surfaces  of  the  lower  three  or  four  ribs.  Its  fibres  pass  upward  and 
laterally  over  the  inferior  angle  of  the  scapula,  from  which  an  additional  slip  is  usu- 
ally  added  to  the  muscie.  It  then  curves  around  the  !ower  border  of  the  teres 
major  and  is  inserted^  ventrally  to  that  muscie,  into  the  crest  of  the  inner  tuberosity 
of  the  humerus.  A  mucous  bursa  {bursa  m.  latissimi  dorsi  )  lies  between  the  tendons 
of  insertion  of  the  latissimus  dorsi  and  teres  major. 

Ncrvc-Supply. — By  the  long  subscapular  nerve  from  the  seventh  and  eighth 
cervical  nerves. 

Action. — To  draw  the  humerus  downward,  backward,  and  inward,  at  the  same 
time  rotating  it  inward,  the  action  being  that  of  the  arm  in  swimming.  If  the 
humerus  be  fixed,  as  in  climbing,  it  draws  the  pelvis  and  lower  portion  of  the  trunk 
upward  and  forvvard. 

Variations. — The  latissimus  dorsi,  like  the  serratus  anterior  and  pectorales,  is  a  muscie 
which  has  mi^ated  extensively  from  the  region  of  its  iirst  formation,  the  lower  cer\'ica]  region, 
and  this  migration  can  bfs  witnessed  in  the  ontogeny  of  the  muscie.  Consequently  variations 
may  be  expected  and  do  occur  in  the  extent  of  the  origin  of  the  muscie,  whose  aescent  and 
backward  migration  to  the  vertebral  column  may  be  interrupted  at  various  stages. 

A  great  amount  of  variation  of  this  nature  is  seen  in  its  attachment  to  the  crest  of  the  iliunu 
In  some  cases  this  attachment  extends  so  far  forward  as  to  meet  the  posterior  extremity  of  the 
attachment  of  the  extemal  ob]ique  of  the  abdomen,  but  usually  this  does  not  occur,  and  a  tri- 
angular interval,  known  as  the  triangle  of  Peiit,  occurs  between  the  borders  of  the  two  musdcs 
and  above  the  crest  of  the  ilium.  The  floor  of  the  triangle  is  formed  by  the  intemal  obliquus 
abdominis,  and,  since  the  abdominal  wall  is  here  thinner  than  elsewhere,  the  triangle  may  ooca- 
sionall^  be  the  seat  of  a  lumbar  hemia. 

CloseIy  allied  to  the  latissimus  dorsi  is  a  muscie,  the  m.  dorso-efntrochUaris^  which  occura 
in  18  or  20  per  cent.  of  cases.  It  takes  its  origin  from  the  body  or  tendon  of  insertion  of  the 
latissimus  and  passes  to  the  brachial  fascia  or  to  the  medial  epicondyle  of  the  humerus.  It  has 
been  regarded  as  an  aberrant  portion  of  the  pectoralis  group  of  muscles,  but  its  supply  by  the 
musculo-spiral  nerve  places  it  among  the  post-axial  muscles. 

The  Axillary  Fascia. — The  axillary  fascia  is  a  firm  sheet  which  extends 
across  from  the  lower  border  of  the  pectoralis  major  to  that  of  the  latissimus  dorsi 
and  teres  major,  forming  the  floor  of  the  axilla.  Laterally  it  passes  over  into  the 
deep  fascia  of  the  arm,  medially  into  the  fascia  covering  the  serratus  magnus.  and 
near  the  border  of  the  pectoralis  major  it  has  inserted  into  it  the  downward  condnu- 
ation  of  the  fascia  which  encloses  the  pectoralis  minor  (Fig.  556).  It  is  pierced  by 
numerous  lymphatic  vessels,  and  along  its  medial  edge  is  considerably  thickened 
to  form  a  curved  band,  whose  concavity  is  directed  laterallv,  and  which  stretches 
across  bet\veen  the  \enclons  of  the  pectoralis  major  and  the  latissimus,  forming 
what  is  tcrmed  the  axiUary  arch.  Muscle-fihres  are  occasionally  found  in  this  aren 
(page57i). 

The  axilla  is  a  pvramidal  space  intervening  between  the  upper  jjart  of  the 
brachium  and  the  lateral  wall  of  the  thorax.     Its  apex  is  directed  upward  and  the 


f 


THE   SHOULDER   MUSCLES.  .    575 

base,  which  is  formed  by  the  axillary  fascia,  downward.  Its  ventral  wall  is  formed 
by  the  p>ectoralis  major  and  pectoralis  minor,  its  dorsal  wall  by  the  latissimus  dorsi, 
teres  major,  and  subscapularis,  and  its  medial  wall  by  the  serratus  magnus.  In  the 
angle  formed  by  the  junction  laterally  of  its  ventral  and  dorsal  walls  lies  the  m.  coraco- 
brachialis,  and  in  the  groove  between  that  muscle  and  the  posterior  wall  are  the 
axillary  vessels  and  the  cords  of  the  brachial  plexus.  The  cavity  of  the  axilla  con- 
tains  a  considerable  amount  of  fat  and  a  variable  number  of  lymphatic  nodes  ;  it  is 
traversed  by  the  thoracic  branches  of  the  axillary  vessels  and  by  the  intercosto- 
Jiumeral  nerve,  and  the  long  thoracic  nerve  passes  downward  along  its  medial  waU  to 
^e  serratus  magnus. 

THE  MUSCLES  PASSING  FROM  THE  PECTORAL  GIRDLE  TO 

THE  BRACHIUM. 

Prk-Axial.  Post-Axial. 

I.  Coraco-brachialis.  i.  Supraspinatus.       4.  Teres  major. 

2.  Infraspmatus.         5.   Subscapularis. 

3.  Teres  minor.  6.   Deltoideus. 

(a)   THE  PRE-AXIAL  MUSCLES. 

I.    Coraco-Brachialis  (Figs.  560,  570). 

Attachments. — The  coraco-brachialis  arises  from  the  tip  of  the  coracoid  pro- 
^cress  of  the  scapula  by  a  tendon  common  to  it  and  the  short  head  of  the  biceps.  It 
'^■5xtends  downward  along  the  humerus  and  is  inserted  at  about  the  middle  of  its 
^Knedial  border. 

Ncrvc-Supply. — By  the  musculo-cutaneous  nerve  from  the  seventh  cervical 
lerve. 

Action. — To  draw  the  upper  arm  foruard. 

Relations. — It  is  crossed  ventrally  by  the  pectoralis  major,  and  dorsally  it  is  in 

'elation  with  the  tendons  of  the  latissimus  dorsi,  the  teres  major,  and  the  subscapu- 

is,   from  the  last  of  which  its  tendon  is  separated  by  a  mucous  bursa  {bursa  m. 

^riico-drachtalis) ,     Laterally  the  muscle  is  in  contact  with  the  short  head  of  the 

»iceps.     It  is  usually  pierced  by  the  musculo-cutaneous  nerve,  and  is  in  relation 

iedially  with  the  axillary  artery  and  the  median  and  ulnar  nerves. 


Variations. — Comparative  anatom^  shows  that  the  coraco-brachialis  is  primarily  an  ex- 
"^ifceiisivc  muscle  consistin;;:  of  three  portions,  of  which  only  the  middle  one  and  a  part  of  the 
^  nferior  are  normaIly  present  in  man.  The  variations  which  occur  usually  consist  in  the 
Lppearance  of  one  or  other  of  the  missing  portions.  Thus  the  upper  portion  is  sometimes 
"epresented  by  a  coraco-brachialis  superior,  which  arises  from  the  coracoid  process  and  passes 
aterally  to  be  inserted  into  the  lesser  tuberosity  of  the  humerus  or  into  the  capsule  of  the 
ihoulder-joint,  while  the  Iower  portion  may  be  more  compIetely  represented  by  the  insertion 
'  the  muscle  extending  as  far  down  as  the  medial  epicondyle  of  the  humerus. 

{b)    THE  POST-AXIAL  MUSCLES. 

I.    Supraspinatus  (Fig.  561). 

Attachments. — The   supraspinatus   occupies   the   supraspinous   fossa   of  the 

pula,  arising  from  the  inner  two-thirds  of  this  and  from  the  supraspinous  fascia. 

ts  fibres  pass  laterally  and  converge  to  a  tendon  vvhich  is  inserted  into  the  upper  facet 

n  the  greater  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder- 

^>int. 

Ncrvc-Supply. — By  the  suprascapular  nerve  from  the  fifth  and  sixth  cervical 
erves. 

Action. — To  abduct  the  arm. 

The  suprasphious  fascia  is  the  laver  of  connective  tissue  which  covers  the 
upraspinatus  muscle.  It  is  attached  to  the  superior  border  of  the  scapula  above,  to 
he  vertebral  border  mediallv,  to  the  spine  below,  and  gradually  fades  out  laterally. 
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2.    Infraspinatus  (Figs.  561,  572). 


Attachmenta. — The  infraspinatus  occupies  tlie  infraspinous  fossa  o(  the  scapula 
and  ariscs  from  thc  entire  fxtent  o(  the  fossa,  with  the  exceptiuii  of  a  portion 
towards  the  axillary  border  of  the  bone.  It  aiso  arises  from  the  infraspinous  bscia 
which  covcrs  it.  The  libres  jjass  laterally  and  conver>{e  to  a  strong  tendon,  uhich 
is  frequently  sejiuratcd  from  the  capsule  of  the  shoulder-joint  by  a  small  bursa  (bursa 


ficnalB«  BUgnia 


UL  infraspinati)  and  is  itiserfed  min  the  middie  facet  of 
thL-  ;;reater  tul>erosity  of  the  humerus. 

Ncrve-Supply. — By  the  suprascaputar  nen-e  front 
the  fifth  and  si.\th  cenical  nerves. 

Action, — \Vhen  the  arm  is  hanging  vertically,  it  is 
the  chief  oiitward  rotalor  of  the  humerus.      Whcn  the 

is  abducled  to  a  horizontal  position,  the  musde 
draws  it  baclcu'ard. 

VariMion«.— Tlie  iipper  portion  tA  the  muscle  is  sometimes 
(listinctly  separaled  from  the  rcst.  and  has  bcen  tirmed  'tf»e 
infraipinalus  minor.  On  the  olher  h.ind,  the  separation  which 
usuall^  cxi>(ts  be(wten  ihe  infraspjn.ilus  and  the  teres  minor  mAy 
■^  eiitir<.-ly  wanlinK;. 

.      (  h-     ■       11     J  The/w/rrtj^/w(7«r_/JMc/<iisastronKfasciawhichc<»\'«a 

aritcrior  suriM^^rf*™'"         the  infrasjimains  and  the  teres  minor,  Riving  origin  to 

someof  thefil)resof  both  muscles.      It  is  attached  abo\-« 

to  the  spine  of  the  scapula,  medially  lo  iLs  vertebral  border,  and  fades  out  laterally 

into  the  brathial  fascia. 

,V    Tkbes  Minor  CFip.  560. 
Attachments. — The  teres  minor  arisrs  from  the  iipper  two-thirds  of  ihe  dontfl 
surface  of  the  scapula,  close  to  its  axillary  border,  and  from  the  infraspinous  Eascia. 
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It  passes  laterally  along  the  lower  border  ol  the  infraspinatus  to  be  inserttd  inlu  the 
capsule  of  the  shouldcr-joint  and  into  the  lowt;r  facet  uf  the  greater  tuberosity  of  the 
hutnerus. 

Nerve-Supply. — By  the  circuniflex  nerve  from  the  lifth  aiid  sixth  cenical 
nerves. 

Action. — When  the  anii  is  verlica!,  it  rotates  the  hunierus  out\\ard  ;  uhen  it 
is  horizontal,  it  draws  it  backvvard. 


\  '■-       Qiu>1rilatenil  »pace 

■^ ~\ — -Tendon  of  iBlisdmlu  A 


4.  Teres  Major  (FIrs.  561,  572). 
AttBChmentB. — ^The  teres  major  ariics  frnm  the  dorsal  surface  of  the  scapula, 
*  Jg  the  lower  third  nf  its  axillary  border,  and  passes  laterally  to  be  instrkd  into  the 
^"■r  of  the  lesser  tiiberositv  of  the  humenis  inimcdiatelv  dorsil  to  the  inscrtion  of 
•.  atissimiis  dorsi. 

Nerve-Supply, — By  ihe  lowtr  subscapiilar  iicne  from  the  tifth  and  si.\th  ccni- 


Action.— To  dr;i 


■  the 


1  IkicIciv 


I  and  mc<lially, : 


e  rotatnij;  it 


v^^, Relations. 

^*^^1saroiindits 


L-res  major  is  in  n-latiim  Ih-Iow  wilh  the  latissimus  donii,  which 

iirfacc  so  as  tu  \k-  vontral  tu  it  at  its  insertion.     Above  it  is 

;lation  with  the  teres  niiiior  at  its  ori^in,  biit  separates  froin  it  as  it  passes  later- 
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ally,  so  that  a  triangular  interval,  the  base  of  which  is  the  humerus,  lies  betwecn 
the  two  muscles.  This  interval  is  crossed  by  the  long  head  of  the  triceps,  which 
overlies  the  dorsal  surface  of  the  teres  major,  and  is  thus  divided  into  a  more  medial 
trianguiar  spacc,  occupied  by  the  dorsal  scapular  artery,  and  a  more  latcral  gnad- 
ranguiar  space,  through  which  the  posterior  circumfiex  vessels  and  the  circumflex 
nerve  pass. 

Variations. — Considerable  variation  occiirs  in  the  size  of  the  teres  major,  an  increase  in 
the  size  of  that  muscle  beinj?  associated  with  a  diminution  of  that  of  the  latissimus  dorsi,  and  tnce 
versa.    The  teres  major  is,  indeed,  to  be  regarded  as  fundanientally  a  portion  of  the  latissimus. 

5.     SUBSCAPULARIS    (Fig.   558). 

Attachments. — The  subscapularis  is  a  powerful  muscle  occupying  the  ventral 
(costal)  surface  of  the  scapula.  It  ariscs  from  the  whole  of  that  surface,  with  the  ex- 
ception  of  a  small  portion  near  the  neck  of  the  bone,  some  fibres  also  taking  origin 
from  the  subscapular  fascia.  The  fibres  pass  laterally,  converging  to  a  strong  tendon 
which  is  inseticd  into  the  lesser  tuberosity  of  the  humerus  and  to  a  certain  extent  into 
the  atpsule  of  the  shoulder-joint. 

Ncrvc-Supply. — By  the  upper  and  lower  subscapular  nerves  from  the  fifth 
and  sixth  cervical  nerves. 

Action. — When  the  arm  is  vertical,  the  subscapularis  acts  as  a  powcrful  inward 
rotator  of  the  humerus  ;  when  the  arm  is  abducted  to  a  right  angle  with  the  body, 
the  muscle  serves  to  draw  it  forward. 

Relations. — The  subscapularis  forms  a  considerable  portion  of  the  dorsal  wall 
of  the  axilla,  and  is  in  relation,  by  its  ventral  surface.  with  the  axillary  vessels  and  the 
cords  of  the  brachial  plexus,  and  laterally  with  the  coraco-brachialis  and  short  head  of 
the  biceps.  Its  lower  border  is  in  contact  with  the  teres  major  and  \vith  the  dorsal 
scapular  vessels  and  the  circumflex  nerve.  Dorsally  it  is  in  contact  with  the  long 
head  of  the  triceps,  and  is  separated  from  the  neck  of  the  scapula  by  the  laree 
subscapular  bursa  ( bursa  m.  subscapularis)  which  frequently  is  continuous  with  tne 
synovial  cavity  of  the  shoulder-joint. 

Variations. — The  subscapularis  differentiates  in  the  embr>'o  from  the  same  sheet  which 
gives  rise  to  the  teres  nijijor  and  the  latissimus  dorsi.  It  is  occasionallv  divided  into  tuo  or 
more  fasciculi.  and  sometimes  there  is  separated  from  its  lower  portion  a  small  muscle,  termed 
the  subscapularis  minor,  uhich  arises  from  the  axillary  border  of  the  scapula  and  is  inserted  into 
the  crest  of  the  lesser  tubercle  of  the  humerus  and  sometimes  into  the  cai>sule  of  the  shoulder- 
joint. 

The  subscapular  fascia  is  a  firm  sheet  of  connective  tissue  which  covers  the 
ventral  surface  of  the  subscapularis.  It  is  attached  above,  medially,  and  below  to  the 
border  of  the  scapula  and  fades  out  laterally  into  the  brachial  fascia. 

6.   Deltoideus  fFig.  562). 

Attachments. — The  deltoid  is  a  large  trianguiar  muscle  which  covers  the 
shoulder  iis  with  a  pad.  It  arises  from  tht?  ventral  border  of  the  outer  third  of  the 
clavicle  and  from  the  acromion  process  and  lovver  border  of  the  spine  of  the  scapula. 
Its  fibres  pass  dounuard,  and  converge  to  be  iuscrted  into  the  deltoid  tubercle  of  the 
humerus.  \Vhere  the  muscle  passes  o  ver  the  greater  tuberosity  of  the  humerus  a 
mucous  burs;i  (bursa  subdcltoi<lca )  is  interposed  between  it  and  that  prominence. 

Ncrvc-Supply. — By  the  circumflex  nerve  from  the  fifth  and  sixth  cer\-ical 
nerves. 

Action. — To  alxluct  the  arm  to  a  position  at  right  angles  to  the  body.  Fur- 
thcr  iiUluction  is  accomj)lishe(l  by  a  rotation  of  the  scapula  by  the  contraction  of 
the  traprzius  and  the  serratus  anterior.  \vhercby  the  latenil  angle  of  the  bone  is  tilted 
upwar<l. 

Relations. — The  deltoid  is  in  relation  bv  its  deep  surface  with  the  coraa>id 
process  aiui  the  capsule  (»f  the  shoulder-joint  and  \vith  the  various  muscles  attached 
tn  or  in  the  neighlnjrhood  of  these  structures.  The  cephalic  vein  passes  upward 
along  its  anterior  border. 
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V«ri«tionB^— The  portion  of  the  deltoid  uhich  arises  from  the  clavicle  is  subject  to  con- 
siderable  variation,  either  being  gr(»tly  reduced  in  size  or  even  entirely  suppressed,  or  else 
beii^  more  extensively  developea  Ihan  usual.  so  ihat  it  is  in  contact  or  even  fused  wilh  the 
davicular  ponion  of  the  pecloralis  major.  It  may  aiso  be  distinctly  separated  from  the  remair- 
<kr  of  the  niusck,  and  not  infrequently  a  separation  of  the  acromial  and  spinal  poitions  may 
also  occur,  so  that  the  muscle  becomes  three-headed. 

Fig.  56J. 


t-*: Stcmo-clcitlo-niaaoia 


Pectoralis  m»)or 


Accessory  bundles  of  Rbres  are  [iccasionally  found  arisinf;  from  the  faMria  infraspinata  or 
1  some  point  alont;  Ihe  axiHary  border  of  the  scapula,  and  either  insert  with  the  deltoid 
basu^^Uoidfus)  or  joiii  »ith  the  upper  part  of  the  musck.  belng  coniinued  onuard  as 
linous  fibres  which  pAfs  to  the  acromion  process  and  lateral  extremttj'  of  the  clavicle  (m. 
^ilo-delloideui).  These  fibres  represent  n  piirtion  of  the  deltoid  which  in  the  anthropoid  apes 
^scs  from  the  borders  of  the  scapula  and  in  sume  ot  the  iower  manimais  forms  a  distinct 


-»RACTICAL   CONSIDERATIONS:    THE   MUSCLES   AND   FASCIA   OF 
THE   AKILLA  AND   SHOILDER. 

The  practicai  relatjons  of  the  fascin  clescenciinK  to  the  stiperior  borders  of  the 
—Davide  and  scapula  have  becn  sufficientlv  dcscribcd  (i>:ii,'e  551  V 

Fraciure  of  the  Claviclr. — Tho  iictimi  nf  the  niusck-s  which  move  the  anti  and 
^ ^^ouIder  and  of  lh(ise  attachcd  to  the  clinicle  { \ia\aii  359I  shotild  be  considered  with 
~^aference  to  the  cominon  foriii  of  displacenieiit  in  c.ises  of  fracturf  of  the  latter  bone. 

The  acromial  fragment,  as  it  movts  with  tht-  shoukk-r.  is  the  more  markedly 
^■fiected.  It  is  carriid  do7nni'ard  liv  (;ra\tty  actin^'  on  the  up|>er  t'Xtremity  and 
^-ided  by  the  two  pectoral  nuisck-s  and  the  latissimiis  dorsi.      It  is  drawn  inuard  by 
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ihe  stcrnal  fibres  of  the  pectoralis  major  and  by  ali  the  niuscles  p;issing  from  the 
triink  to  the  hunitrus  and  scapula.  It  is  rotaUd  on  a  vertical  axis  so  that  ils  inner 
end  poiiits  backward  and  its  outer  eiid  furward.  The  cause  of  the  rotation  u  the 
actioii  of  the  two  pectorals  iipon  the  shuulder  and  the  cuiitractioii  uE  the  serratus, 
which  (the  supimrt  of  the  claviclc  havinff  l)een  removed)  draws  tlie  scapula  (and 
with  it  the  point  of  ihe  shouKier;  inward  and  [t>rward  iiistead  of  raure  direcUy  fi)r- 
ward,  and  so  Ciiuses  an  antcrior  projection  of  the  acroniial  ciid  of  the  outer 
fragment. 

Theoreticallv  the  inncr  Irafjment  is  dis])laced  upward  hy  the  claviculur  lil>res  of 
the  sterno-inastoid,  but  this  action  is  so  strongly  resisted  by  the  costo-clavtcular 
(rhoniboid)  li^^anient  and  by  the  upper  and  inner  libres  of  the  pectoralis  major,  as 
well  as  by  the  subclavius,  that  it  is  notoften  productive of  much  defonnity  (Fig.  563). 
The  rationale  of  the  good  effect  of  recunibency  »ith  the  huad  3Hghtiy  ele\-ated 
is  evident.  The  »cighi  of  the  upper  e,\tremity  ceases  to  drag  the  outer  fragment 
downward.  The  vertebral  border  of  the  scapula  is  pressed  closely  ti>  the  thorax 
by  the  ueight  of  the  trunk.  Its  outer  border,  therefore,  cannot  be  drawn  fori»ard  by 
the  pectorals  and  serratus,  but  lends  to  fall  tiackuard  and  outward.  correcting  both 

the  rotation   and    the    inward 
Fic-  563.  displacemcnt.      The  slight  ele- 

vation  uf  the  head  relaxes  the 
sterno-cleido-mastoid  and  re- 
moves  whatever  influence  ti 
may  have  in  raising  the  outer 
end  of  the  inner  fragment. 

Fractures  vvithin  the  limits 
of  the  rhoniboid  tigamcnt  at 
the  inner  end  or  utthin  those 
of  the  conoid  and  trapezoid 
ligamenls  nt  the  outer  end  are 
attended  by  but  little  disjJace- 

Fractures  of  the  scapula 
have  already  becn  dealt  with 
(page  254).  Muscular  action 
influcnces  them  but  little  be- 
yondwhat  bas  l>een  mentioned. 
The  fascia  beneath  and 
connected  with  the  clavicle  is 
of  much  surgtcal  importance. 
The  superficial  fascia  of  the 
The  pmcesses  which  pass  froni  it  to  the  skin 
'  ),  by  tbeir  invoUement  and  contraction  in 
:  adhesioM  and  dimpling  of  the  skin. 
The  deep  jiectoral  fascia  splits  to  fonn  the  shcath  <■■&  the  jicctoralis  major  musde. 
Carciiioma  of  the  mamma  will  usually  bc  found  adhercnt  to  this  laver  on  the  anterior 
surface  of  the  muscic.  Such  adhesion  can  bi-st  be  demonstratcd  by  altempting  tO 
move  the  tumur  and  briMsl  in  the  direction  of  the  jK-ctoral  libros.  Motion  trans- 
verse  to  that  line  niav,  even  in  cas<rs  in  \vhich  the  tumor  and  muscie  are  inseparaUv 
connected,  apjK-ar  to  l>e  frec,  because  the  muscie  ilself  is  moved  on  the  sut^cent 
stnirtun-s. 

neath  the  dr(|>  pirloral  fascia  an  additional  sheet.  the  clavi-pecloral  fascia. 


thora.t  splits  to  enclose  the  brcast. 
(Cooper's    "  ligamenta    suspensori; ' 
,  produce  the  chanicterist 


nds  :i 


d»t 


Mintinuali 
whiih  lif^in  abuve  at  thi-  tiv 
of  thi-  d.ivi<-l<-  and  uniti-  into  ■ 
laviT  is  ...ntinuMUS  lowards  thi_- 

;ifu-r  >iililliui;  tu  i-ni-' 
The  |K>ni<in  u\  the 
minor  is  known  as  the  costO' 


ne  p<-< 


iwanl  of  the  sheath  of  the  suliclaviiis.  the  two  lavers 
1  lips  iif  the  snbclavian  groove  on  the  inferior  surface 
ine  la>ir  at  ilu-  h>wer  ed^jc  of  the  siilKrla\ius.  This 
stmunn  \vilh  lh<'  deep  fascia  rovering  in  the  brst  and 
naliv  it  is  aitachcd  to  the  coractiid  prncess  :  inferiorlv, 
toralis  niiniir  niiisrli-.  it  blenits  \vith  the  a.xillar>'  fascia. 
r:il  fasria  almve  ihe  up|KT  l>ortkT  of  the  pectoralb 
oracoid  membrane.      It,  tugether  with  the  subcla\*ius 
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musde  (which  it  invests),  forms  the  floor  of  tlie  so-called  superficial  in/raciavUuiar 
iriaiigle,  the  roof  of  which  is  made  by  the  claviculiir  tibres  of  the  great  pectoral,  the 
base  by  the  unterior  fibres  of  the  deltoid,  the  upper  side  by  the  sternal  half  of  the 
clavicle,  and  the  iower  side  by  a  line  parallel  to  the  upperniost  sternal  tibres  of  the 
great  pectoral.  Its  apex  is  at  the  stemo-clavicuiar  augle  of  junction.  The  floor  of 
this  space  is  pierced  by  the  external  anterior  thoracic  nerve,  the  acromio-thoracic 
vesse^,  and  the  cephaiic  vein  (Kig.  556).  Fat  containing  a  [ew  lymphatic  glands, 
otten  involved  in  carcinonia  of  the  breast,  is  found  there.  It  is  closed  in  above  by 
the  clavicle,  but  is  continuous  below  with  the  space  betueen  the  two  pectoral  miiscles 
down  to  the  level  where  the  superficial  layer  of  the  deep  fascia  and  the  davi -pectoral 
fascia  (which  has  invested  the  pectoralis  minor  and  continued  downward  as  a  single 
layer  againj  unite  al  the  lower  lx)rder  of  the  pectoralis  major  to  form  the  axillary 
fascia.  Eflusions  of  blood  or  collections  of  pus  occupying  this  space  between  the  two 
muscles  are  therefore  prevented  from  passing  upward  by  the  cla\'icle,  forward  by  the 
pectoralis  inajor,  and  backward  by  the  cla\' i -pectoral  fascia  and  pectoralis  minor. 


Fig.  564. 


DiMectlan  of  thon 


![  of  cUvi-psclortl 


<;onsequently  thev  are  apt  tn  approach  the  surface  near  ihc  anterior  asillarv  margin 
^r  in  the  groove  betweeri  the  preat  pectoral  and  d<*ltoid, — i.e.,  at  elther  iho  lower 
Tjorder  of  the  sternal  portinn  of  that  muscle  or  the  upper  biirder  of  its  clavicular  fibres. 
Beneath  the  costo-coracoid  membr.iue  is  a  ri-gion  described  as  the  det-p  iti/ra- 
•^lavicular  Iriangir.  Although  continuous  with  the  axil!a,  this  space  is  conveniently 
studied  as  a  separate  repion  on  accfumt  of  the  important  structurcs  »vhich  it  contains 
and  the  frequency  with  which  it  is  invaded  by  disease.  Its  floor  Is  formed  by  the  • 
first  and  second  rihs  and  the  intcrcostal.  scrratus  magniis.  and  subscapularis  muscles. 
Its  apex  is  at  the  anjrle  made  bv  the  line  of  the  tipper  horder  of  the  small  jiectoral 
and  that  of  the  cUuiclc  at  the  coracoid  process.  those  two  lines  constituting  its  sides. 
The  base  is  towards  the  sternum  at  the  line  where  the  costo-coracoid  membrane  is 
liised  with  the  decp  fascia  ovcr  th<;  up|)er  inlercostal  spaces.  Through  this  triangle 
p3S3  the  axillary.  siipcrior  thoracic,  and  acromio-thoracic  vcssels,  the  cephaiic  vein, 
the  esterna!  and  internat  anterior  thoracic  and  long  thoracic  neries,  and  the  brachial 
plexus.      It  contains  fat,  with  niimerons  !ympliatic  ghmds  and  vessels.      It  is  obvious 
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that  it  is  continuotis  above  with  tlie  neck  and  inferiorly  with  the  axilla.  The  Uttet 
space  is  shut  in  below  by  the  continuation  of  the  axillary  iascia  from  the  lower  bor- 
dcr  oE  the  pectoralis  major  backwarci  tO  the  latissimus  dorsi,  outward  to  the  deep 
Iascia  of  the  arm.  and  inward  to  the  deep  [ascia  of  the  thorax. 

Abiicess  or  effusion  of  blood.  as  its  prc^ress  in  ali  these  directions  is  resisted, 
may  thercfore  poiiit  in  the  neck,  follouin);  the  vessels  and  the  trunks  of  the  p1exus 
up  from  tho  axilla  through  the  deep  infracluvicular  triangle,  to  make  its  appearance 
above  the  cla\'icle. 

The  skiii  over  the  fascia  at  the  base  of  the  axilla  is  thin  and  richly  supplied 
with  hair-folhcles  and  uith  sebaceous  and  sudorijtarous  glands  ;  hence  supeiiicial 
infections  are  frequent  and  secondan-  );landular  abscesses  are  coinmon.  The  con- 
nective  tissne  of  the  a.\illary  space  is  liX)se  and  abundant,  permitting  of  free  motion 
of  the  arm,  bul  also  favoring  the  occurrence  of  large  collections  of  blood  or  of  pus. 


Fig.  565. 


.  566. 


pnccdlns  lubcorKoM 


The  fascia  over  the  scapular  muscies— supraspinous  and  infraspinous  kscta — 
haa  a!rcady  been  descriln;d  in  reference  to  carios,  necrusis,  and  abscess  (paga 
255-  279) 

Dhlocation  of  tkf  Shoulder-Joint.  —The  circumstanccs  that  fa\or  or  resist  dislo- 
cation  iif  the  sboulder-jnint  have  l>cen  enumerated  Cpaijes  278.  279),  but  the  ana- 
tninical  sympt()n)s  of  that  lesion  mav  no\v  be  considered  with  especial  reference  to 
the  miiscles  involved.  Shcmlder  dislocation  is  either  sub^lenoid  or  subcoracoid  in 
the  vasi  niajrtritv  of  c;isi-s,  the  lormer  ln-inj;  ahiiost  in\ariably  the  primary  form,  for 
reasons  ])reviously  given  (page  278). 

A  h]\iitinn,  sntiglenoid  primarilv,  usuallv  l>ecnnies  subcoracoid  from  the  con- 
tiniiance  of  the  force  prodiicinu  it.  aidvd  stn'inj:ly  hy  the  |K'ctoralis  major  ;  hence 
Ihc  sul>cnrac(iid  Is  the  most  common.  The  subclaviciilar,  in  which  the  head  passes 
fanher  iuuard  and  iies  on  the  second  and  third  rihs  lieneath  the  pectoralis  major. 
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and  the  supracoracoid ,  in  which,  owing  to  fracture  of  the  coracoid  or  the  acromion. 
the  head  is  displaced  upward,  are  so  uncommon  thal  they  need  merelybe  mentioned 
here,  The  backward  (subspinous)  luxation  is  resisted  so  strongly  by  ihe  subscapu- 
laris.  and  especiall/  by  the  long  head  of  the  triceps,  that  it  aiso  is  a  surgical  rarity. 

In  the  subglenoid  and  subcoracoid  varieti<.-s  ( Figs.  565.  566)  it  wiil  be  found  : 
I.  That  the  normal  curve  of  the  shouldcr  is  replaced  by  a  straight  line,  because  of 
(a)  the  absence  of  the  head  of  the  bone  and  the  tuberosities  beneath  the  dehoid  ; 
(d)  the  stretching  o(  that  muscie.  2.  For  the  same  reasons  it  will  be  found  that 
(a)  a  niler  applied  to  theouter  side  of  the  arm  will  touch  both  the  acromion  and  the 
extemal  condyle  at  the  same  tirne  (Hamilton)  ;  and  {i)  the  edgfe  of  the  acromion  is 
unnaturally  prominent,  while  beneath  it  is  a  palpable  depression  instead  of  the  nor- 
mal resistance  of  the  tuberosities.  t,.  The  elbow  is  abdiicted  because  of  the  tension 
ol  the  deltoid.  4,  The  forearm  is  fiexed  on  account  of  tiic  tension  of  the  biceps. 
5.  The  vertical  measurcment  of  the  axilla 
is  increased  (Callaway),  because  of  (a) 
the  presence  of  the  head  or  upper  por- 
tion  of  the  shaft  in  the  hnc  of  meas- 
ureinent  ;  and  (i)  the  lowering  of  the 
axmary  folds  (Brvant).  the  insertlons 
of  the  pectoralis*  major  and  latissicnus 
dord  being,  of  course,  carried  down- 
ward  with  the  humerus.  6.  The  elbow 
cannot  be  made  to  touch  the  chest-wall 
while  the  hand  is  placed  on  the  oppo- 
^teshoulder  (Dupas),  because  the  head 
of  the  bone  is  held  in  contact  with  that 
wall  by  the  tense  miiscles  and  overIying 
Stnictures,  and  its  lower  extremity— 
the  other  end  of  a  straight,  irflexible 
axis — cannot  be  made  at  the  same  tirne 
to  touch  at  a  second  point  t)ie  cur\'e 
represented  by  the  wali  of  the  thorax. 
7.  There  is  rigidity  bec;iuse  of  the  ten- 
■  sion  or  spasm  of  the  nuiscles  iiioving 
the  humerus,  especially  of  the  sub- 
scapularis,  the  deltoid.  tlie  supra-  and 
infraspinatus,  the  biceps,  and  the  coraco- 
brachialis.  8.  In  the  subcoracoid  luxa- 
tion  the  prominence  of  the  head  mav  be 
idt  beneath  the  coracoid  or  outer  third 
of  the  clavicle  where  it  lies.  the  anatoni- 
kal  neck  resting  on  the  anierior  border 
of  the  glenoid  cavity.  Therc  is  a  little 
real  lengthening, — i.e..  the  distance  between  the  glenoid  surface  and  the  lower  end 
of  the  humerus  must  be  increased.  ^but  this  may  be  converted  into  apparent  short- 
ening  by  abduction.  which  approximates  the  tip  of  the  acromion  and  the  estemal 
condyle.  9.  In  the  subgleiioid  varicty  the  hca<i  m3y  be  feh  low  in  the  axilla,  the 
anierior  wall  of  which  is  widened.  It  rests  on  the  upper  [lart  of  the  outer  border  of 
the  scapula  just  below  the  glenOid  cavity.  I.engthening  is  apt  to  be  marked,  and, 
when  the  arm  is  adducted  somewhat.  may  exceed  an  inch.  The  stretching  and 
"hollow  tension"  of  the  dehoid  and,  therefore.  the  alxluction  of  the  arm  are 
marked.  10.  There  is  i]sually  (a)  pain  frnm  direct  pressure  upon  or  from  stretch- 
ing of  the  brachial  plexiis,  and  frequently  (i)  cedema  from  similar  involvement  of 
the  axillary  vessels. 

In  ali  )uxationK.  bnt  especiallv  in  ihe  subglcnoid  and  subspinous,  the  circumflex 
nerve  is  apt  to  be  injured  ;  hence  obstinate  paresis  or  [)aralysis  of  the  dehoid  is  a 
not  infrequent  sequel. 

In  aH  methods  of  reductinn  of  shouldcr  hixations  the  humerus  is  used  as  a 
lever,  and  in  ali  it  is  ik-^sirable  to  secure  tixation  of  ihe  scapula  by  nicans  of  (a)  the 
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wcinht  of  the  triink  in  tlie  supine  and  rccumbent  position  ;  (i)  pressurc  on  the 
acniinion  and  clavide  ;  (c )  the  use  of  a  foldcd  shcet  phiced  high  in  the  axilla.  so 
that  it  prt.-sses  upon  the  a.\i)Iary  border  in  front  and  the  dorsiim  pO!;teriorly  ulien 
the  t\vo  ends  are  carricd  across  the  IkkIj-  anii  made  taut  ;  or  (rf  )  l>y  <)rag^ng  oa 
the  opposite  arm,  "  which,  by  making  tense  the  trapeziiis  of  tlie  opposite  side,  pro- 
vokes  cnntraction  i>f  the  mnscle  on  the  injnred  sidc"  (Makins). 

The  usc  of  the  ht-el  or  Coot  in  the  axilla  lus  a  fulcrum  while  manual  extension  is 
made — the  lon^  ariii  of  the  lever.  tlie  shaft  of  the  humenis,  being  earried  tnward  so 
as  to  movc  the  sliurt  ann,  the  hcad,  outnard — rcquires  no  anatoinical  explanation. 

Kocher's  nicthod  (applicable  especially  to  »ubcoracoid  luxation>  is  more  coni- 
plex  iii  its  mode  of  action.  There  ia  some  difference  of  opinion  as  to  its  exact 
niechanism,  biit  it  is  salc  to  >iay  that  in  its  variods  sta^es  it  acts  appro.\imately  as 
foIlows.  I.  The  elbow  is  flexed,  relaxinK  the  biceps,  ajid  the  arm  is  {»ressed  closeIy 
to  the  side,  making  tense  the  untorn  posterior  portion  of  tlie  capsule  extendinf|r 
between  the  posterior  lijj  of  the  glcnoid  (ossa  and  the  unticr  and  back  part  of  the 

neek    of    the    humcrus.      This 
KiG    56S.  portion  of  the  capsule  and  the 

tendons  of  the  posterior  scapu- 
far  miiscles  are  drawn  tightly 
across  the  glenoid  fossa.  2, 
The  arm  is  rotatcd  outward 
until  the  forearm  is  parallel 
with  the  tninsverse  axis  of  the 
bodv,  the  hand  pointing  di- 
rectlv  outward.  This  rolls  ihe 
head  of  the  bone  outuard  on 
the  tense  portion  of  the  cap- 
sule, which  is  partly  wound. 
as  it  were.  upon  the  neck,  and 
at  the  same  time  relaxes  the 
scapular  tendons  and  removes 
them  from  the  fossa.  3.  The 
eIbow  is  raised  until  the  arm 
is  parallel  vith  the  antero- 
posterior  axis  of  the  body. 
This  relaxc3  the  anterior  fibres 
of  the  deltoid,  the  coraco- 
bmchialis,  and  the  upper  por- 
tion of  the  capsule,  and  perhaps 
uidens  the  space  betwcen  the 
margins  ol  the  rent,  although 
no  obstacic  to  rediiction  »  usu- 
ally  met  with  there.  The  lower 
portion  of  the  capsule  is  stili  tense.  4.  Rotation  inuard  on  this  jHirtion  as  a  fulcrum 
now  moves  the  articiilar  face  <if  the  head  tottards  the  comparativeIy  frce  f^enoid 
cavity  and  relaxcs  the  sulKcapularis  ;  as  the  eltxni'  is  then  lowered  in  adduction  the 
lowcr  ca|>sular  sejiment  relases  and  the  head  re-entcrs  throiifih  the  rent  by  which  it 
oriKinally  emerged.  These  detsiils  can  be  workcd  out  aitisfactorilv  in  e.\[>enmental 
hixations  on  llie  ca<la\-er,  and  liave  apparentlv  l)een  decnonstrated  as  to  the  msin 
poiiits  l>y  KaralMi-uf,  Helferich,  and  olhers. 

Reciirrent  or  "  habitual  dislocation" — f.r.,  dislocation  occurring  from  tritling 
causfs,  siich  iis  alxluction  nf  llie  arm — niay  bc  a  reinote  resiilt  of  the  ruptiire  or  for* 
cililc  se[t:iratii>n  of  the  tendons  of  the  siipra-  aml  infraspinatus  nniscies  from  the  cap- 
sule i)f  the  joint,  with  ni])ture  of  the  <-a|>sule  at  its  upper  |K)rtion,  and  the  formation 
of  a  free  comniunication  betttecn  the  jnint-cavilv  aml  that  of  the  subcoracoid  bursa 
(JosscI.  ipioted  liv  Stimson  i.  It  is,  hi.Mever,  nsnallv  din-  to  the  injurv  to  the  capsule 
and  tu  the  wiakin-ss  »i  the  slumkicr  miiscks  nsiihinj;  froui  tlic  orifiinal  accident. 

liurur. — The  large  suliairomial  bnrsa  and  lli<-  subdeltoid  bursa  have  becn  de- 
scribed  in  relatioii  to  t  lici  r  |>ossible  eiilar^enKiUs  <  paj;e  279  (.     The  siibscapular  bum 
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and  the  bursa  beneath  the  intraspinatus  often  communicate  with  tlie  shoulder-joint, 
and  disease  of  the  latter  mav  spread  to  them. 

An  infraserratus  bursa  has  been  described  {Terrilloti),  situated  iR-tuecn  the  Jnfe- 
lior  scapular  anglc  and  the  chest-»all.  Its  enlargomunl  ^i\■es  rise  tu  friction-like 
<repit;ition  or  creaking,  which  has  been  mistakeii  for  fraclurt-  <)f  ribs  or  scapula  or 
ior  an  arthritis  of  the  shotilder.  Nancrede  savs  that  this  sviiiplom  is  lUie  to  {a)  an 
«.\ostosis  on  the  ribs  or  scapula  which  has  caused  siich  atropby  of  the  sul)scapular 
^nd  serratus  niagniis  muscies  as  to  allow  the  two  bony  siirfaces  to  eome  in  contact  ; 
«r  {i)  a  localized  projection  of  the  ribs  due,  for  e.xunip]e,  to  a  post-pleuritic  con- 
'mraction  of  the  chest,  and  with  the  same  niuscular  atrophy  ;  or  (r)  a  priniarj-  atrophy 
«f  the  muscies,  as  in  ankylosis  of  the  scapulo-hunicral  joint,  iihich  will  admitof  the 
viorma)  seapula  and  ribs  becoming  apposed.  This  latter  condition  ospectally  causes 
Sncreased  movements  of  the  scapula  over  the  thoracic  wa)l  and  favors  the  devetopment 
^f  this  bursa. 
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P0ST-AXIAI_ 

I.  Triceps. 
3.  Anconeiis. 


The  brachial  group  includes  those  muscies  wliich  act  primarily  upon  the  fore- 
^rm  and  form  the  muscular  substance  of  the  arm.  Some  of  them,  howe\er,  take 
*3rigin  in  whole  or  in  part  from  the  pectoral  girdle  and  thus  ha\e  some  effect  on  the 
»Tiovements  which  occur  about  the  shoulder-joint,  althouj^h  their  principal  action  is 
upon  the  forearm. 

The  Brachial  Fascia. — The  deep  laver  of  the  fascia  of  the  arm  forms  a  com- 
plete  investment  of  the  muscies  of  the  brachial  region.  Above  it  passes  over  into 
Khe  thin  fascia  covering  the 


^cltoid   muscle,    and 

^ially  it  becomes 

C3US  with  the  axillary  fascia, 

^»hile  below  it  is  continuoiis 

-xwith  the  fascia  of  the  fore-'        supert. 

^Krm,  adhering  firmly  to  the  d«,,  (- 

p»eriostcum    covering    the 

^ubcutaneous    portions   of  Mustu'i 

the  humerus  and  the  ole-       spiral  ni.-r\ 

<rranon  process,  and  being  ^iSi' 

»-«inforced     by    tendinous 

I=>rolongations  from  the  bi-  Riiem. 

«:r-eps  and  triceps  muscies.       iiitcmiu«ui.i 
From  its  lateral    and  "* 

v^edial    surfcices    it   sends 

^heet-likeprolongations  in- 

■^Jvard  to  be  attached  to  the 

J^umerus.       These  sheets, 

t^rmed  the  inlcrmiisculai' 

•x^la,   are  of  considernhle        TrirrpM,  ..ui=.  li.n. 

»trength  and  give  attach-  Trittps.  mi.ici 

■nent  to  adjacent  muscies.  si-, 

*T"hey  pass  to  the  humerus 

V>etween  the  lateral  and  nu-dial  b<)rders  of  the 
^rm,  and  it  is  to  tx.'  nolcnl  that,  whil<-  the  nie< 
Ivjtveen  the  prc-:txial  and  post-:ixial  musckr 
«xternal  scptum.  In  the  U)«er  i)art  of  iheir  <_• 
Condvlar  ridgesof  tlu-  hunu-rus  and  terminal 
niiisclesol  the  forearm  arising  from  ihiMJUtir 
A  number  of  subcutuneous  l>iirs:i.  oecu 
chial  fascia  in  those  rtgions  in  wliicli  tlu-  f: 
teum  covering  so-oalled  subcutaiieinis  pori 


Fig.  569. 
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bursa  acropnialis  over  the  acromion  process  of  the  scapula,  a  bursa  olecrani  over  the 
olecranon  process  of  the  ulna,  and  a  bursa  may  occur  over  each  condyle  of  the 
humcrus. 

(tf)  thp:  i're-axial  muscles. 

I.   Biceps  (Figs.  560,  570). 

Attachments. — The  biceps  (m.  biceps  brachii),  as  its  name  indicates,  takes 
origin  by  two  heads.  The  long  head  arises  froin  the  upper  border  of  the  glenoid 
cavitv  of  the  scapula  by  a  slender  round  tendon,  which  traverses  the  cavity  of  the 
shouider-joint  invested  by  the  synovium  and  then  bcnds  downward  into  the  bicipital 
ji^roove  (intertuhcrcular  sulcus )  of  the  humerus.  accompanied  by  a  prolongation  of  the 
joint  capsule  (vagina  mucosa  intertubercularis),  and  then,  becoming  muscular,  unites 
with  the  short  head,  'w\i\c\i  arises  froni  the  tip  of  the  coracoid  process  of  the  scapula 
in  common  with  the  coraco-brachialis.  By  the  union  of  the  two  heads  a  strong 
niuscle  is  formed  which  descends  in  front  of  the  humerus  and  a  short  distance  above 
the  elbow-joint  passes  over  into  a  flat  tendon,  which  is  continued  downward  to  be 
inserted  into  the  tuherosity  of  the  radius,  a  niucous  bursa  (bursa  bidpitoradialis) 
being"  interposed  betvveen  the  anterior  surface  of  the  tuberosity  and  the  tendon. 
Some  of  the  tibres  of  the  niuscle,  instead  of  passing  into  the  tendon,  are  continued 
into  a  fiat  tendinous  expansion,  the  semilunar  or  bicipital  /a scia  (lacertus  fibrosns), 
which  passes  downward  and  medially  to  become  lost  in  the  fascia  of  the  forearm. 

Nerve-Supply. — By  the  musculo-cutaneous  nerve  from  the  lifth  and  sixth 
cer\'ical  nerves. 

Actton. — To  flex  the  forearm  on  the  brachium,  and  when  the  forearm  is  in  pro- 
nation  to  supinate  it.  It  will  also  act  to  a  slight  extent  in  movements  of  the  arm  at 
the  shoulder-joint,  assisting  the  coraco-brachialis  in  dra\ving  the  arm  fonivard. 

Relations. — The  biceps  is  crossed  on  its  ventral  surface  by  the  tendon  of  the 
pectoralis  major  and  is  covered  above  by  the  lateral  portion  of  the  deltoid.  Deeply 
it  is  in  relation  with  the  humerus,  the  brachialis  anlicus,  and  the  supinator.  L'pon 
its  inner  side  lie  the  coraco-brachialis  above  and  l)elow,  in  the  groove  bet\^'een  it  and 
the  triceps  (sulcus  bicipitalis  medialis),  the  bfachial  vessels,  and  the  median  ner\'e. 

Variations. — The  biceps  presents  numerous  variations.  Its  long  head  is  occasionally  want- 
in^,  but  more  frequently  additional  heads  (Kcur.  Of  theso  the  most  frequent,  occurrinjj  in  some- 
thiUK  over  10  per  cent.  of  cases,  is  a  head  which  arises  froni  the  medial  surface  of  the  humerus, 
between  the  insertions  of  the  deltoid  and  coraco-l)rachialis.  Other  heads  may  arise  from  the 
extemal  tuberositv  of  the  humerus  or  from  the  outer  l)order  of  that  bone,  betvveen  the  deltoid 
and  brachiG-nidial  muscles. 

2.    Brachialis  Anticus  (Fig.  571). 

Attachments. — The  brachialis  anticus  (m.  brachialis)  occupies  the  anterior  sur- 
face of  the  lower  part  of  the  humerus  and  is  for  the  most  part  covered  by  the  biceps. 
It  arises  from  the  intermuscular  septa  and  the  anterior  surface  of  the  humerus  imme- 
diately  below  the  insertion  of  the  deltoid.  \vhich  it  partly  surrounds.  It  passes 
down\vard,  and  the  fibres  converge  to  a  short  tendon  which  is  inserted  into  the 
anterior  surface  of  the  coronoid  process  of  the  ulna. 

Nerve-Supply. — The  niain  mass  of  the  muscle  is  supplied  by  branches  from 
the  musculo-cutaneous  nerve.  The  tibres  which  arise  from  the  lateral  intermuscular 
septum  and  are  covered  by  the  brachio-radialis  are  supplied  by  a  branch  from  the 
musculo-spiral  nerve.  The  nerve-fibres  come  in  both  cases  from  the  fifth  and  sixth 
cervical  nerves. 

Action. — To  flex  the  forearm. 

Variations. — The  nerve-supplv  shous  the  brachialis  anticus  to  be  a  composite  muscle  the 
niaj(»r  ix)rtion  of  which  is  derived  froni  the  pre-axial  muscle-sheet,  uhile  the  lateral  portion  d 
it  conies  from  thf  |)ost-axial  sheet.  In  correspondence  with  this  derivation  of  the  muscle,  its 
lateral  |M)rtion  is  <M:casionally  sef>arate  from  the  rest  and  may  terminate  below  on  the  fascia  ol 
the  forearm  or  on  the  radius.  A  I<»n)2ntudinal  separation  of  the  pre-axial  portion  of  the  musol^ 
niav  .liso  orcur,  and  it  seems  prot>al)le  that  the  most  fre<iuently  occurring  third  head  of  the 
biceps  I  sec  alKn'e)  is  a  derivative  of  this  )K>rtion  of  the  brachialis. 

The  cpitrochh-o-amofiens  is  a  small.  usuallv  ()u<idran^]]ar  muscle  which  is  present  in  about 
25  per  ceiU.  of  cas<.-s.     U  arises  from  the  |)osterior  surface  of  the  inner  condyle  of  the  humerus 
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*S  H  passes  clown  betK-etrn  the  iiIrcMiion  and  thi'  iniiiT  <:uiul\'lc,  i: 
When  absent,  the  niuscte  is  n.-i>rtseiit«^  by  3  slroii);  fibrous  biiiid. 
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{»)    THE  POST-AXlAL  Ml"SCLES. 
I.    Triceps  (FiKs.  570.  572)- 
Attachmentš.     Tho  triceps  ( m.  triceps  brachii )  is  a  stron^  muscie  which  occu- 
pie&the  enlire  dorsal  suriaci;  of  th«;  ariii.     It  arists  by  thrtt*  heads.     The  scapular  or 

Fig.  57a. 


long  head  lakes  its  origin  bj-  a  tendoii  from  ihe  infra- 
glenoid  tiilierosily  of  the  scapula  ;  the  inner  or  medial 
head,  froni  theposterior  (dorsal)  aurface  of  the  humeriis 
and  from  both  intermuscuiar  septa  below  and  medial 
to  the  jp-fiove  (or  the  m usciilo -spiral  nerve  ;  and  the 
outerorlateral  head,  from  the  external  intemiuscular 
septum  and  the  posterior  snrface  of  Ihe  humerus  abo\e 
antl  latenaJ  to  tht-  jjmove  for  the  m usculo- spiral  ner\e. 
The  three  heads  unite  to  form  a  strong.  broad  tendim 
which  is  inseried  into  the  olecranon  procesa  of  ihe 
ulna.  The.conimon  tendon  of  insercion  begins  as  a 
bniad  apoiieurosis  upon  the  anterior  surface  of  the 
liinj;  hc;i(I.  the  fibres  of  which  are  atiached  to  the 
up|wr  iMirik-r  and  the  Hp[)er  part  of  the  jiosterior  sur- 
face of  tlii-  :iixjneurosis.  The  fibru-s  of  the  lateral  head 
are  attadud  Mt  ihi-  lan-ral  !«->r(ler  of  the  .iponcnrosis. 
whih'  thii.-«-nt  ihi-  nifdi:il  hi-:id.  »hioli  is  mtich  striHij^er 
than  the  latt-ral  one.  pass  t.<  iis  anlL-rii.r  snrface. 

Nerve-Supply,— Hv   thr    nuisculo-spiral   nerve 
from  Ih.'  sixth.   sev.^nth. 'and  .-i;;hth  i 


Action.-  To 


Uickuard, 


l.jld  th<-f..( 


1  the  np])er  arm  and  to  draw  the  entire  a 


riationi.— 'Ih.-  Ii 


>siile  ol  llie  shi>lil(l< 


al  head  arising  eilhvr  from 

l.-r.i..inl 
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2.    Anxoneus  (Fig.  581). 

Attachmcnts.-^The  anconeus  is  ashort  muscle\vhich  ariscs  from  thc  posterior 
•==»urface  of  the  external  condyle  of  the  humerus.  Its  fibres  diverge  to  form  a  triangu- 
1  ^r  sheet  which  is  inserted  into  the  upper  part  of  the  posterior  surface  of  the  ulna  and 
m  nto  the  outer  surface  of  the  olecranon  process. 

Ncrvc-Supply. — By  the  musculo-spiral  nerve  from  the  seventh  and  eighth 
^zrervical  nerves. 

Action. — To  assist  the  triceps  in  extending  the  arm. 

PRACTICAL  CONSIDERATIONS:    MUSCLES  AND   FASCIA   OF   THE 

ARM. 

The  deep  fascia  of  the  arm,  continuous  above  \vith  that  o  ver  the  deltoid  and  with 

■^he  clavi-pectoral  fascia,  closely  embraces  ali  the  muscular  structures  and  resists  the 

<i>utward  passage  of  subfascial  collections  of  blood  or  pus,  which  therefore,  under  the 

i  nfluence  of  gravity,  tend  for  a  timc  to  follo\v  the  intermuscular  spaces  downward. 

CEdema  and  s\velling  above  the  elbovv  are  thus  not  uncommon  as  a  result  of  disease 

CDr  injury  at  a  higher  level.     Blood  or  pus  may  reach  the  surface  by  following  the 

structures  that  pierce  the  fascia, — viz. ,  the  basilic  vein  and  the  internal  and  external 

cutaneous  nerves.     The  ecchymcisis  after  fracture  sometimes  takes  this  course.     The 

intermuscular  septa  (page  585)  divide  the  s{:)iice  enclosed  by  the  brachial  aponeurosis 

into  an  anterior  and  a  posterior  compartment  extending  from  the  level  of  the  deltoid 

and  coraco-brachialis  insertions  to.  that  of  the  two  condvles.     They,  too,  have  some 

effect  in  limiting  eflfusions,  but  the  latter,  especiallv  if  due  to  infection,  can  readily 

pass  from  one  space  to  the  other  by  follouing  the  musculo-spiral  ner\'e  or  the  superior 

profunda  artery  through  the  outer  septum,  or  the  ulnar  nerve,  inferior  profunda  artery, 

or  anastomotica  magna  through  the  inner  septum. 

In  selecting  a  method  of  amputation  through  the  arm  it  should  be  remembered 
that  above  the  middle  most  of  the  musclcs  that  it  would  be  necessar)'  to  divide  are  ' 
free  to  retract, — /.^.,the  deltoid,  the  long  head  of  the  triceps,  the  coraco-brachialis, 
and  the  biceps.  Belo\v  the  middle  the  biceps  is  the  only  muscle  unattached.  In 
the  former  situation,  therefore,  the  circular  method  is  apt  to  lead  to  a  **  conical 
stump*'  from  the  too  free  retraction  of  the  fiaps  and  from  the  activity  of  the  upper 
humeral  epiphysis  (page  272).  In  amputation  just  alx)ve  the  elbow  the  circular 
method  is  applicable,  but  the  incision  should  be  a  little  lo\ver  at  the  antero-intemal 
aspect  of  the  limb  to  allow  for  the  greater  retraction  in  the  bicipital  region. 

Inward  dislocation  of  the  tendon  of  the  long  head  of  the  biceps  muscle  has 
probably  occurred  from  direct  violence  as  an  uncomplicated  lesion  in  a  few  cases. 
The  symptoms  are  said  to  be  (White)  :  {d)  the  recognition  of  the  bicipital  groove 
empty  ;  (^)  inward  rotation  due  to  the  pressure  of  the  tendon  on  the  lesser  tuberosity 
and  on  the  tendon  of  the  subscapularis  ;  (r)  adduction  of  the  humeral  Jiead,  leaving 
.a  slight  depression  beneath  the  tip  of  the  acromion  ;  (d)  obvious  tension  along  the 
inner  edge  of  the  biceps  muscle  when  the  foreami  is  extended  ;  {c^  diminution  in  the 
vertical  circumference  of  the  shoulder  ;  and  (/)  shortening  of  the  distance  bet\veen 
the  acromion  and  external  condyle  ;  both  of  thc  last  two  svmptoms  are  due  to  the 
elevation  of  the  humeral  head  under  the  influcnce  of  the  deltoid,  the  supraspinatus, 
and  the  clavicular  fibres  of  the  pectoralis  major,  that  of  the  biceps  tendon  being  \vith- 
drawn.  These  and  other  svmptoms  of  this  lesion  (althc^ugh  it  is  extremely  rare) 
should  be  studied  in  connection  \vith  thc  anatomv  of  the  muscles  involveci,  as  an  aid 
in  elucidating  their  action.  ^ 

Rupture  of  the  biceps  tendon  hiis  ahvavs  been  caused  by  violent  muscular  action, 
and  is  usually  accompanied  eithcr  hv  the  sudden  appearance  of  a  more  or  less  firm 
tumor  on  the  front  of  the  arm  or  hy  complete  relaxation  and  fiabhiness  of  the  \vhole 
muscle.  The  svmptoms  nu-ntioiuHl  as  characteristic  (»f  dislocation  of  the  tendon 
have  not  been  notc<l  in  anv  nrordnl  čase  of  rupture,  \vith  thc  excoption  of  those  due 
to  the  elevation  of  tlu-  head  of  thc-  lunnerus. 

*  J.  \Villiam  \Vhitf  :  Aiiurican  Journal  of  the  Mcdical  .Scienct-s.  J.inuar>',  1S84. 
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Frattiires  of  the  humcnis  are  miich  influenced  by  muscular  action,  although  the 
controllint^  forcc  in  the  production  oi  the  (leformity  vi  oftcn  that  nhich  causes  the 
frač  t  lire. 

In  fracture  of  the  tuberosities  the  theoretical  displacement  is  upward  and  back- 
ward  for  the  greatcr  tuberosity  under  the  action  of  the  supra-  and  infraspinatus  and 
[(.res  minor,  and  foroard  and  inuard  for  the  lesser  tuberosity,  which  is  supposed 
to  be  drawn  in  that  direction  by  the  subscapularis.  The  in)ury  is  extremely  rare  ; 
the  clinical  si^ns  are  obscure.  Increased  breadth  of  the  shnulder,  localized  tender- 
nesB  and  disability,  occuirinji  atter  the  appliaition  of  direct  force  or  after  vinlent 
action  of  tlie  shoulder  muscles,  wou)d  be  su^gestive  ;  recognition  of  a  prettrnaturally 
ninbile  or  displaced  fragment  would  be  condusivc  ;  but  the  X-rays  uill  usually  be 
essential. 

In  fracture  of  the  surgical  neck  of  the  humerus — /.c,  between  the  tuberosities 
and  the  insertions  of  the  axillary  niuscles — and  in  separation  of  the  upper  epiphysis 
the  h~.igments  are  siniilarly  influenced  by  muscular  action.  The  upper  fragment  is 
hcid  in  place,  is  a  little  elevateil,  andisobliquely  tiltedby  thesupra-  and  infraspinatus, 

subscapularis,  and  teres  minor. 


Fig.  573. 


of  the  shoulder. 


The   upper   end  of  the  loMcr 

fragment  is  drawn  tonards  the 

chest-wall     by    the    pectoralis 

major,    latissimus    dorsi,    and 

teres  major.    Their  action  may 

be  aided  by  that  of  the  deltoid, 

which  may   fix   the    middle  of 

I'       the  bone  so  that  it  acts  as  a 

fuicnim,  or  may  actually  abduct 

the  elbow.    The  biceps,  triceps, 

:ad     and  coraco-brachialis  and  del- 

'pj,.     toid  dra«-  the  loner  fragment 

>       upward,     causing    shortening 

(Fig-  573)- 

Epip1iyseal  disjunctian  inay 
r  he  suspected  i(  (a)  the  patient 
is  a  child  or  an  adolescent ; 
{b)  the  anterior  pro)ection  of 
the  upjier  end  of  the  lower  frag- 
ment IS  at  an  unusuaUy  high 
level, — Le.,  about  that  of  the 
coracoid ;  (f)  the  crepitus  is 
muffled ;  (rf)  the  shortening 
isslight  ([Kige  272).  The  ap- 
plication  of  the  tests  mentioned 
above  (page  583)  wiil  distin- 
hich,  moreover,  b  very  rare  before 


guish  this  lesion  from  li 
adult  iife  (page  306). 

In  fracture  of  the  shaft  of  the  humerus  between  the  insertions  of  the  axillaiy 
muscles  and  ihat  of  the  deltoid  the  upper  fragment  is  drawn  inward  by  the  fonner 
musck-s  :  the  louer  fragment  is  druun  upnard  by  the  biceps,  triceps,  and  coraco- 
brachialis.  ;md  upward  and  outward  by  the  deltoid  (Fig.  573).     ■. 

In  fracture  just  )k-1ow  the  deltoid  insertion  that  niuacle  acts  to  such  advantage  in 
aluiiicling  the  ui>pcr  fragment  as  tu  counteract  the  puli  of  the  a.\illar\-  muscles  in  the 
omlrarv  direction.  The  relation  of  the  fragmcnts  »ill  therefore  chicfly  depend  upon 
thi-  ilin-itionof  the  line  of  fnicture  :  the  shortening,  under  the  inHuencc  of  the  biceps, 
Iriieps,  anil  ci iraco-bnichialis,  wiU  dejK-nd  on  its  degree  i)f  ol>li(|uity.  In  this  fracture 
il  is  si>niitinn-s  necfss;irv  to  tlress  the  iirm  in  abduciion  to  overcome  the  deltoid  con- 


Ii.   fnir 


XV  just  abii 


,■  the 


ndvU-s  (page  27.1)  the  line  of  fracture  is  usual]y 
iJHiM-  <lown\v;ird  aiul  (organi  ( 1-ig.  2SS).  The  short  lower  fragment 
upuard  liy  the  biceps  and  triceps  and  Imcktt-ard  by  the  latter  muscle. 
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The  lower  end  of  the  upper  fragment  will  then  arrest  flexion  o(  the  forearm  by  contact, 
«r  may  puncture  the  brachialis  anticus,  the  bicipital  fascia,  and  even  the  skin. 

The  diagnosis  of  this  fracture  from  luxation  of  the  elbow  (Fig.  575 J  can  be 
■nade  by  (n)  the  recognition  of  the  relations  of  the  three  bony  points, — the  tips  of  the 
■K«o  condyles  and  of  the  olecranon  (page  306)  ;  (6)  the  presence  of  crepituii ;  {c )  the 
«lisappearance  of  the  defomiity  on  extension  and  counterextension,  and,  usual]y,  its 
wappearance  when  estension  is  discontinued  ;  and  (d )  the  greater  frcedom  of  exten- 
^ion  of  the  forearm  on  the  arm  in  fracture  ;  tfexion  may  bc  limited,  as  above  men- 
"■ioned,  by  the  contact  of  the  upper  fragment  with  the  forearm  at  the  bend  of  the  elbow 
^nd  other  points  ;  {e)  the  arm  is  shortened  in  fracture  ;  the  forearm  in  dislocation. 

In  separations  of  the  lower  humeral  epiphysis  (page  273I  (a)  the  patient  is  a 
«:hi1d  or  an  adolescent ;  (A)  there  is  muffled  crepitus  ;  (f)  the  lower  end  of  the  upper 


Fig.  57-i- 


Fig.  575. 


'i"Un"'"" 


Car^agment  has  greater  brcadth  and  is  more  rounded  than  in  fracture  ;  (rf)  the  line  of 
^^paration  is  nearer  the  end  of  the  bone,  and  the  anterior  projection  of  the  dlaph- 
>^si5  is  on  a  level  ivith  the  fold  of  the  ell>ow  ;  in  fracture  it  is  usu;illy  above  it 
C  PoUnd). 

Condylar  fractiires  have  been  descril>ed  (page  273),  but  it  may  be  nieiitioned 
J»ere  that  the  elevationof  the  internal  condvle,  if  not  corrected,  causes  the  line  of  the 
Icnnt  to  incline  Inwurd  instead  of  outward.  If  union  takes  |ilace  in  that  nial|Misition, 
the  so-called  "gun-stock  (ledirmitv,"  or  "  cubitiis  vanis"'  (in  which  the  "carrj-ing 
^ngle"  of  the  forearm  wilh  the  arm  is  oblitcrated  or  changi-d  to  a  similar  angle 
Opening  inward )  results. 

The  bursae  about  the  elbow  have  been  dcscribcil  (page  307). 


THE   ANTIBRACHIAI-   MUSCLES. 

The  muscles  which  belnng  tn  this  gmiii*  act  priinarily  ujKin  the  biines  of  the 
lorearm  or  of  the  carpus  and  nmstitute  the  musciilar  sitlM^lance  of  the  forearm.  Some 
of  them,  however,  havc  umkT^c)nc  a  .secondary  e.\tensi()n  iiito  the  hand  and  act  as 
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flexors  or  extensors  of  the  dij^its,  this  6xtension  being  due  in  some  cases  to  the 
differentiation  of  thc*  fascia  of  the  hand  into  tendons  continuoiis  with  those  of  the  an- 
tibrachial  muscles,  in  other  cascs  to  end-union  of  antibrachial  and  hand  musclcs.  It 
will  be  convenient,  ho\ve\er,  to  rej^ard  the  lonj^  fiexors  and  extensors  of  the  digits, 
fornied  in  this  way,  as  antibrachial  inuscles. 

Comparatively  studied,  an  arranj^cment  of  the  antibrachial  inuscles  in  distinct 
layers  is  clearly  perceivable»  three  lavers  bein^  found  in  the  pre-axial  and  two  in  the 
post-axial  inuscles.  In  both  cases  the  superticial  layer  takes  its  origin  from  the 
humerus,  while  the  remaining  lavers  are  attached  above  to  the  l^nes  of  the  forearm. 
Secondary.adaptations  have  in  some  cases  interfered  with  the  distinctness  of  the 
layers,  but  the  primary  conditions  \vill  be  taken  as  the  basis  for  the  classiiication  of 
the  muscles. 

The  antibrachial  fascia  completelv  invests  the  muscles  of  the  forearm  and  is 
the  downward  continuation  of  the  brachial  fascia.  It  is  especially  strong  upon  the 
dorsal  surface  of  the  forearm,  where  it  is  attached  to  the  olecranon  process  and  the 
entire  length  of  the  j)osterior  border  of  the  ulna,  and  anteriorly  ft  is  strengthened  in 
its  upper  part  by  the  fibres  of  the  semilunar  fascia  of  the  biceps.  At  the  wrist  it  is 
attached  to  the  bones  of  the  forearm  and  carpus,  and  becomes  thickened  by  trans- 
verse  fibres  to  form  the  dorsal  and  volar  carpal  ligaments. 

The  anterior  annular  lif!;amcnt  ( li^amcntuin  carpi  volare)  lies  on  the  anterior  sur- 
face of  the  wrist,  covering  the  flexor  muscles  in  that  region  (Fig.  577).  I-aterallv 
and  niedialK'  it  is  connected  with  the  dorsal  ligament.  This,  the  postcrior  annular 
ligament  ( ll^^ameatum  carpi  dorsalc),  is  a  stronger  transverse  band  on  the  fK>sterior 
surface  of  the  wrist,  and  is  attached  laterally  to  the  outer  surface  and  to  the  styloid 
process  of  the  radius,  and  passcs  in\vard  and  slightlv  do\vnward  to  the  styloid  process 
of  the  ulna  and  to  the  pisiform  and  cuneiform  bones,  making  attachments  to  the  ridges 
on  the  posterior  surface  of  the  radius  and  ulna  and  thus  converting  the  six  inter\'ening 
grooves  into  canals  which  lodge  the  tendons  of  the  long  extensor  muscles  (Fig.  579;. 
Beginning  at  the  radial  side,  the  first  canal  transmits  the  tendons  of  the  extensor  ossis 
metacarpi  pollicis  and  the  extensor  brevis  pollicis  ;  the  second,  the  tendons  of  the  X}ko 
extensores  carpi  radiales  ;  the  third,  that  of  the  extensor  longus  pollicis  ;  the  fourth. 
those  of  the  extensor  communis  digitorum  and  the  extensor  indicis  ;  the  fifth,  that  of 
the  extensor  minimi  digiti  ;  and  the  sixth,  that  of  the  extensor  carpi  ulnaris.  Elach 
of  the  canals  is  lined  by  an  independent  svnovial  membrane. 

(fl)    THE   PRK-AXIAL  MUSCLES. 
{aa)    The  Siherkicial  Laver. 

1.  Pronator  radii  teres.  3.    Palmaris  longus. 

2.  Flexor  carpi  radialis.  4.    F*lexor  caq)i  ulnaris. 

5.    Flexor  sublimis  digitorum. 

I.    Pronator  Radii  Tkrks  (Fig.  576). 

Attachments. — This  muscle  i  m.  pronator  teres),  thick  and  band-like,  arises  by 
two  heads  ^a)  from  the  inner  condvle  of  the  humerus,  the  adjacent  intermuscular 
septa,  and  the  drep  fascia,  and  ( b )  from  the  medial  l>ordrr  of  the  coronoid  process  of 
the  ulna.  It  passc^s  do\vn\vard  and  laterallv  and  is  insertcd  into  about  the  middle  of 
the  outer  surface  of  tht-  radius.  The  median  nerve  piisses  downward  between  the 
two  hrads. 

Ncrvc-Supply. — By  tht*  nu^dian  ner\'e  from  the  sixth  cer\-ical  ner\'e. 

Action. — T«)  pnmatf  and  tU-\  the  forrarm. 

Variations. — Tlie  pronator  trrcs  is  formed  hy  a  combination  of  portioiis  from  the  super- 
ficial  aiid  (l«*«-p  lav^-rs  of  tlit-  forearm  nuisciilalure.  the  coH(.lylar  head  roprescMiting  the  superhcial 
iK)rtioii  aii<l  tli«-  <  oronoid  lu-ad  tlic  dct-j)  on«-.  In  tlu*  lowt>r  mammals  the  pronator  quadratus 
trcMini-nllv  «.\lt'nds  uell  ii|)  tosvards  tlu-  tllM)w-joint,  and  tVe  coronoid  head  of  the  promitor 
tcri!S  rcprrsvnts  the  up|Hrmost  i>ortion  of  this  muscle.  its  IiuSer  fM^jrtion  i)ersistinji:  as  the  pro- 
nator niiadraius.  Not  infrtc^nentlv  the  coronoid  |M)rtion  of  th^  muscle  is  completelv  sefiamte 
froin  tn«*  cond\lar  ht-ad,  or  it  may  l)e  rudftnentarv  or  rcpresented  only  by  a  connective-tissue 
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faand.  The  entire  tnuscie  is  some- 
times  incompletely  separated  from 
the  neiehbonng  muscles  of  the  su- 
perficiar  laycr,  receiving  accessorj- 
neads  front  the  palmaris  longus  or 
ttie  l1exor  sublimis  digitorum. 

2.  Flexor  Carpi  Rapialis 
(Fig-  576)- 

Attachments.— The  flexor 
carpi  radiatis  arises  from  the  inner 
condyle  of  the  humenis,  by  a 
tendon  comition  to  it  and  the 
neighboring  muscles  of  the  super- 
ficial  layer,  from  the  adpininp 
intemiuscular  septa  and  the  deep 
fascia.  It  passes  downu'ard  and 
■slightly  lateraUy  and  is  inscrtcd 
into  the  bases  of  the  second  and 
third  metacarpal  bones. 

Nerve-Supply. —  By  the 
median  nerve  from  the  sixth  cer- 
vicaJ  nerve. 

Action. — To  tlex  the  hand 
and  to  assist  in  pronatlng  the 
forearm. 

Relations. — In  its  course 
down  the  forearm  the  flexor  carpi 
radialis  passes  obliquely  across 
the  tlexor  sublimis  digitorum  and 
the  Iower  part  of  the  fIexor  longus 
pollicis.  At  the  ivrist  it  passes 
through  a  special  sheath  »ithin 
the  superficial  part  of  the  anterinr 
annular  ligament,  and  just  bcfore 
its  inserdon  it  is  crossed  by  the 
tendon  o(  the  flexor  longus  pol- 
licis. A  bursa  (bursa  m.  flesoris 
carpi  radialis)  is  interposed  l>e- 
tween  the  tendon  and  the  base 
of  the  second  metacarpal  bone. 
Laterally  the  muscle  is  in  cnntact 
above  »-ith  the  proiiafir  r;idii 
teres and  below  «ith  the  brachio- 
radialis,  from  \vhich  it  is  sopa- 
rated  near  the  wrist  b\-  the  radial 
arterj-. 

3,   Pai.maris   l-<>.N»;rs 

fFit;.  576). 

Attachments,— The    pal- 
tnaris    longus    arhts    «ith    thf 
neighboring    superticial    miisi 
by  the  common  ti-nric. 
inner  condyU'  of    ihc 
from  the  adjuining  ini< 
septa,  and  fro 
It  forms  a  sh 
belly  which  i 
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long,  slender  tendon  that 
{lasses  in  front  of  the  an- 
tenor  annular  ligament 
of  the  wrist,  and  is  im- 
serlcd  into  tlie  palmar 
fascia. 

N  erve-Supply . — 
By  t  lit  median  ner\'e 
siiptriiciai  froni  the  sixth  cer\ical 
nene. 

Action. — To  tense 
the  pahimr  fascia  and  (Iex 
the  hand. 

Variation*. — The  )mI- 
mnris  lonpis  is  a  verj-  vari- 
ahlc  musclc.  It  is  not  in- 
frti|Uently  abs«u,  and  ni«y 
present  vnrious  niixli5ca- 
..    ^ij^cture,  bein^ 

enlirelv    tendi- 

_ ,  _T  entirelv  fles^',  or 

tendinous  above  and_  fleshy 


4.  Fi.EXOR  Carpi  Ul- 

NARIS    (Fig.    576). 

Attachments.  — 

The  flexor  car])t  ulnaris 
ariscs  from  tlie  medial 
condjle  of  the  humems 
in  common  with  the 
nei^hlKiring  supefficial 
niusctes,  from  the  inter- 
ni uscular  septa  and  dcep 
fascia,  and  also  frnm  the 
|H>stt-rior  sutface  of  the 
olccranon  procesa,  and 
from  the  upper  part  of 
the  |K)sterior  border  of 
the  iihia  hy  means  o(  an 
ajKineurosis  common  to 
it  and  the  flexor  pro- 
fil nit  us  digitorum  and 
the  estensor  cari>i  ul- 
naris. It  descends  along 
the  iilnar  border  of  the 
forL-arm  and  is  inserird 
into  the  pisif((rm  bone, 
its  tendon  beinjj  contin- 
\\v<\  on  to  beattached  to 
the  h<K>kof  theimciform 
and,  often,  to  the  baseof 
thi-  tifth  inetJicariial  bone. 
N  e  rve-Supply. — 
Hv  the  iilnar  ner\-e  from 
ihi-  eijjhth  cervical  and 
tirst  thoradc  nencs. 
1  Action. —  To   flez 

and  addvict  the  hand. 
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Relations. — By  its  deep  surface  this  niusclc  is  in  relation  \vith  the  sublimis  and 
profundus  digitoruni  and  with  the  ulnar  vessels  and  nerve.  The  uhiar  nerve  and 
posterior  recurrent  ulnar  artery  pass  beneath  a  tendinous  band  which  stretches  across 
between  the  t\vo  heads  of  the  muscle,  and  towards  the  \vrist  the  ulnar  artery  comes 
to  lie  along  the  lateral  border  of  the  tendon.  A  niucous  bursa  (bursa  m.  flexoris 
carpi  ulnaris)  is  frequently  to  be  found  bet\veen  the  tendon  and  the  upper  part  of  the 
pisiform  bone. 

Variations. — The  flexor  car|)i  ulnaris  frequentlv  passes  distallv  to  l)e  inserted  into  the  base 
of  the  fifth  metacarpal.  The  conversion  of  the  ulnar  he.id  into  connective  tissue  has  been 
observed. 

5.   Flkxor  Sublimis  Dkjitorim  (Fig.  577). 

Attachinents. — The  supcrficial  flexor  ( m.  t1exor  digitonim  sublimis )  arises  from 
the  inner  condyle  of  the  hunierus  in  comnion  \vith  the  neighboring  superficial  mus-    X 
des,  from  an  oblique  line  on  the  anterior  surface  of  the  radius,  and  from  the  tendi-       . .  ^'  ^-^ 
nous  arch  extending  bet\veen  these  t\vo  bony  points  and  beneath  vvhich  the  median 
ner\'e  and  ulnar  artery  pass.     The  fibres  arising  from  these  origins  form  four  bellies,       »-^  ,  '1 
prolonged  below  into  as  many  tendons,  \vhich  at  the  \vrist  pass  beneath  the  ante- 
rior annular  ligament  and  thcn  diverge  towards  the  bases  of  the  second,  third,  fourth,  ^  \  | 
and  fifth  fingers  and  enter  the  corresponding  digital  sheaths.      Here  each  tendon  -^ '     . 
divades  over  the  surface  of  the  first  phalanx  into  t\vo  slips,  which  pass  one  on  either   ^|,  C^"^^,^ 
side  of  the  subjacent  tendon  of  the  flexor  profundus  digitorum  and  partiallv  unite     "^           i 
beneath  it  to  be  inserted  into  the  base  of  the  second   phalanx.     Slight  tendinous 
bands,  viuaiia  tendinuni,  pass  bet\veen  the  tendons  of  the  profundus  and  the  terminal 
portions  of  those  of  the  sublimis. 

Ncrvc-Supply. — By  the  median  nerve  from  the  seventh  and  eighth  cervical 
and  first  thoracic  nerses. 

Action. — Primarily  to  flex  the  second  phalanx  of  the  four  medial  digits,  but  a 
continuation  of  its  action  \vill  flex  the  first  phalanges  of  the  same  digits  and  eventually 
the  hand. 

Relations. — Superficially  the  tlexor  sublimis  is  covered  by  the  remaining 
muscles  of  the  superficial  layer  ;  deeplv  it  is  in  relation  \vith  the  flexor  profundus 
digitorum,  the  flexor  longus  pollicis,  the  ulnar  vessels,  and  the  median  nerve. 

Variations. — Occasionallv  the  |)orti()n  of  the  nuiscle  uhich  >nves  rise  to  the  tendon  of  the 
fifth  digit  appears  to  be  uantinj;.  the  iend()n  arisinjjfrom  the  |)alniar  fascia,  the  anterior  annular 
li^^ament,  or  the  flexor  profundus.  An  explanation  of  this  anomalv  is  found  in  the  developmental 
history  of  the  muscle.  In  the  losver  vertebrales  the  su|>erficial  Hexor  inserts  into  the  palmar 
fascia,  which  j^ives  orij^in  to  a  set  of  suj^erficial  dip^ital  muscles  vvhose  relations  are  siniilar  to 
those  of  the  di^tal  ix>rtions  of  the  sublimis  temlons.  In  the  niammalia  these  digital  muscles  de- 
eenerate  into  tendinous  bands,  uiih  svhich  the  tendon  of  the  antibrachial  portion  of  the  muscle 
becomes  continuous.  The  ori^in  of  the  tendon  for  tiie  fifth  dig^t  from  the  palmar  aix)neurosis 
or  transverse  carpai  lij^ainent  is,  therefore.  a  jK-rsistence  t)f  a  phvletic  stag;e,  as  is  aiso  its  origin 
from  the  flexor  profundus,  sincc  in  the  losver  manmials  the  antibrachial  portions  of  tlie  two 
muscles  are  united  to  form  a  sinj^le  niass  ipa^e  597). 

(M)     ThK    MiDDLE    h.\VER. 

I.    Flexor  profundus  digitorum.  2.    Flexor  longus  jKillicis. 

i.    Flkxor  PkoirNnrs  DujiTORrM  ( P'ig.  57S). 

Attachments. — The  deep  tlexor  (  m.  tle.\or  (li^itonim  profundus  )  ariscs  from  the 
anterior  and  outor  surfaces  of  the  ulna  and  from  the  inner  half  of  the  interosseous 
membrane.  Its  fibres  are  directed  douinvard,  and  at  alM>ut  the  middle  of  the  fore- 
ami  are  continued  into  four  teiulons.  \vhich  pass  beneath  the  anterior  annular  liga- 
ment along  \vith  the  tendons  of  the  tle\or  sublimis  to  enter  the  digital  sheaths  of  the 
second,  third,  fourth,  and  fitth  fingers.  Opposite  the  first  phalangeal  joint  each 
tendon  passes  bet\veen  the  t\vo  slips  of  the  corresponding  tendon  of  the  flexor  sub- 
limis and  is  inserted  into  the  base  of  the  terminal  phalan.\. 

Ncrvc-Supply. — The  lateral  half  of  tlu'  muscle  is  suj>plied  by  branches  from 
the  anterior  interosseous  branch  of    the  median  nerve  and  the  medial  half  bv  the 


THE  ANTIBRACHIAL   MUSCLES.  597 

of  the  interosseous  membrane.  It  usually  possesses  also  an  origin  by  means  of  a 
slender  sHp  from  the  coronoid  process  of  the  ulna  or  the  medial  epicondyle  of  the 
humerus.  The  muscle-fibres  pass  into  a  strong  tendon  at  the  middle  of  the  forearm, 
and  this  passes  downward  beneath  the  lateral  part  of  the  annular  ligament  and 
extends  aiong  the  volar  surface  of  the  thumb  to  be  inserted  into  the  base  of  its  ter- 
minal phalanx. 

Ncrve-Supply. — By  the  anterior  interosseous  nerve  from  the  eighth  cervical 
and  first  thoracic  nerves. 

Action. — To  flex  the  terminal  phalanx  of  the  thumb  ;  continuing  its  action,  it 
will  also  flex  the  proximal  phalanx  and  assist  in  the  flexion  of  the  hand. 

Relations. — In  the  forearm  it  is  covered  by  the  flexor  sublimis  digitorum,  the 
fiexor  carpi  radialis,  and  the  brachio-radialis,  and  hiis  resting  upon  it  the  radial  ves- 
sels.  Deeply  it  is  in  relation  with  the  pronator  quadratus  and  the  wrist-joint.  In 
the  hand  its  tendon  is  covered  by  the  opp>onens  pollicis  and  the  flexor  brevis  poUids, 
and  it  rests  upon  the  adductor  pollicis. 

Variations. — The  head  from  the  coronoid  process  or  medial  epicondyle  of  the  humerus  is 
sometimes  absent  and  the  muscle  is  frequently  connected  with  the  flexor  profundus  digitorum  or 
even  fused  with  it. 

OccasionalIy  tliere  arises  from  the  louer  part  of  the  anterior  and  extemal  surfaces  of  the 
radius  a  muscle  uhich  has  been  termed  \\\*čfle.xor  cat-pi  radia/is  breins.  Its  insertion  varies  some- 
what,  being  sometimes  on  one  of  the  carpal  bones,  at  other  times  on  either  the  second,  third,  or 
fourth  metacarpals,  and  at  otliers,  again,  into  the  transverse  can^al  ligament.  Although  asso- 
ciated  by  name  vvith  the  flexor  can>i  radialis,  it  is  more  probably  a  derivative  of  the  deeper  layer 
of  the  flexor  musculature  and  is  supplied  by  the  volar  interosseous  branch  of  the  median  nerve. 

The  majorit>'  of  the  variations  of  the  nexor  longus  jH^llicis  and  flexor  profundus  digitorum 
find  an  explanation  in  the  historical  development  of  the  muscles.  -In  the  louest  group  of  the 
mammalia,  the  monotremata,  the  t\vo  nuiscles  are  fused  \vith  each  other  and  also  with  the 
flexor  sublimis  to  form  a  common  long  flexor,  from  the  tendon  of  svhich  the  tendonsof  the  flexor 
sublimis  arise.  In  slightlv  higher  fonns  tliis  common  tlexor  can  be  seen  to  be  composed  of  five 
portions,  which,  from  their  [X)ints  of  origin  and  relations,  may  be  termed  the  condylo-ul naris, 
condylo-radialis,  centralis,  ulnaris,  and  radialis.  and  as  the  scale  is  ascended  one  finds  at  first  a 
part  of  the  condylo-ulnaris  and  later  the  svhole  of  that  |K)rtion  separating  from  the  common  mass 
and  joining  the  tendons  of  the  sublimis.  In  stili  higher  fornis  the  centralis  and  condylo-radialis 
portions  follow  the  e.\ample  of  the  condylo-ulnaris,  the  lleNor  sublimis  digitorum  in  man  being 
composed  of  these  |;K)rtions  of  the  common  mass. 

The  ulnaris  and  radialis  |K)rtions  remain.  as  a  nile,  united  and,  after  the  .separation  of  the 
superficial  portions  is  comi)leted,  constitute  the  flexor  pr(>fundus.  In  man  and  a  few  other  forms 
the  radialis  separates  from  the  ulnaris  to  form  the  flexor  h>ngus  jKillicis. 

The  connections  \vhich  occur  betueen  the  sublimis.  pn^fundus,  and  flexor  longus  pollicis 
are  consequently  to  be  regarded  as  relics  of  the  historical  development  of  the  muscles,  as  the 
incomplete  separation  of  a  common  flexor  mass. 

In  the  lovver  terrestrial  vertebrata  the  superficial  and  deeper  layers,  corresponding  practi- 
cally  to  the  sublimis  and  profundus  (plus  the  nexor  longus  iH)llicis),  are  distinct,  their  fasion  in 
the  monotremes  being  a  secondar>'  condition.  svhich  fonns  the  starting-point  for  the  differentia- 
tion  of  the  mammalian  arrangement  of  the  muscles.  In  these  louer  torms  l)oth  Iayers  insert 
into  the  palmar  aponeurosis,  the  extension  of  the  deejjer  layer  to  the  digits  being  due  to  the 
separation  of  the  laver  of  the  ajKjneuro.sis  to  \\  hich  the  deeper  muscle-layer  is  attached  and  its 
dinerentiation  into  tendons. 

It  may  be  added  that  in  the  lovver  vertebrates  the  palmaris  longus  is  not  represented  as  a 
separate  muscle,  and  it  is  to  be  regarded  as  a  portion  of  the  superficial  sheet  uhicn  has  retained 
its  original  relations  to  the  palmar  aiX)neurosis,  its  occasional  absence  being  ascribed  to  its 
sharing  the  history  of  the  flexor  sublimis  and  being  incorporated  in  that  muscle. 

(rr)  The  Deep  Laver. 
I.    Pronator  rjuadratiis. 

I.    Pronator  Oiadratus  (Fig.  588). 

Attachments. — The  pronator  (jiiadratus  is  a  flat  (juadran^ular  sheet  extending 
across  betwecn  the  l()\vcr  portions  of  the  radius  and  ulna.  It  anscs  from  the  volar 
surface  of  the  ulna  and  |)assi's  laterallv  and  slightlv  distallv  to  be  inserted  into  the 
lateral  and  anterior  surfaces  of  the  lo\ver  end  of  the  radius. 

Ncrve-Supply. — Hy  the  anterior  interosseous  branch  <>f  the  median  nerve  from 
the  seventh  and  eighth  cervical  and  the  first  thoracic  nerves. 

Action. — To  pronate  the  forearm. 
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Variations. — The  proHiitor  (iiiadratus  usiially  occupies  alx)ut  the  lo\ver  fourth  of  the  fore- 
arm.  biit  il  niay  bc  ionsKierably  reduced  or,  on  the  coiUrary,  may  exteiKl  as  hi^h  as  the  niiddle 
of  llie  forearni  or  eveii  lii^her.  ll  represcnts  the  lovver  |K)rtioii  o!  a  muscle-slieet  which  extends 
in  some  of  the  louer  nianimals  alniost  the  entire  lenjjth  of  the  foreami,  the  upper  portion  cA 
this  sheet  l)einjc  represented,  as  already  pointed  out,  by  the  coronoid  he.id  of  the  pronator  teres. 

(d)    THK  POST-AXIAL  MUSCI-KS. 

The  post-axial  muscles  of  the  forearm  mav  be  rej^ardcd  as  consistin);^  of  two 
layers.  the  more  superficial  of  which  arises  from  the  external  condyle  of  the  humerus, 
while  the  deeper  one  is  attached  to  the  lxines  of  the  forejirm.  As  was  the  čase  with 
the  pre-axial  nuiscles,  constituents  of  both  layers  have  extended  into  the  hand  to  act 
as  extensors  of  the  digits. 


(aa)    ThK   SlPEKFICIAL    I.AVER. 

1.  Brachio-radialis.  4.   Extensor 

2.  Ky.trns(y.  carpiradi^h^s  longior.  5.    Extens(] 

3.  Kxtensor  carpi  radialis  brevior.  6.    Extensor  carpi  iilnaris.     .;y/ 


VKK.  .     , 

ensor  commuiHs  difj^torum.     \.A 
ensor  minimi  di^ti.  ^  *'*^ 


I.    Brachio-Radialis  ( Fijj^.   576).  \>* 

Attachinents. — The  brachio-radialis,  sometinies  termed  the  supinator  longus, 
arises  from  the  external  condvlar  ridj^e  of  the  humerus  and  from  the  lateral  inter- 
muscular  septimi.  Its  fibres  form  a  stronjj  miiscle  \vhich,  at  al^out  the  middle  of  the 
forc*arm,  passes  into  a  tendon  which  is  insntvd  into  the  kise  of  the  styloid  process  of 
the  radius. 

Ncrvc-Supply. — By  the  musculo-spiral  nerve  from  the  fifth  and  sixth  cer\'ical 
nerves. 

Action. — To  tlex  the  forearm.  If  the  arm  lx'  in  a  position  of  complete  prona- 
tion,  it  win  prochice  a  slijfht  amount  of  supination. 

Relations. — In  its  upper  part  it  is  in  contact  medially  with  the  brachialis  anti- 
ciis.  a  portion  of  whose  hiteral  border  it  covers,  an(i  \vith  the  radia!  ner\'e.  Below  it 
rests  iipon  the  upi>er  portion  of  the  extensor  carpi  radialis  longior,  the  supinator,  the 
pronator  teres,  the  flexor  siiblirnjs  digitonmi,  and  the  radial  artery  and  nerve.  Il  is 
crossed  near  its  insertion  by  the  tendons  of  the  abductor  longus  pollicis  and  extensor 
brevis  pollicis. 

Variaticns. — The  brachio-radialis  is  sometinies  uantin^.  It  may  be  inserted  a  consider- 
rtble  distance  above  the  base  of  the  styloid  process  of  the  radius,  a  conditiun  characteristic  of 
the  lower  nianimals.  or  it  niay  i>iiss  as  far  down  as  the  car]>al  bones  or  even  to  the  base  of  the 
third  nietacan)ai. 

2.    F;xtensor  Carim  Radialis  Lonciior  (P*igs.  576,  579). 

Attachments. — ^The  lonj;jer  of  the  radial  carpal  extensors  ( m.  cxtensor  carpi 
radialis  loimus )  lies  immediately  i>osterior  to  the  brachio-radialis.  It  arises  from  the 
louer  third  of  the  external  supracondvlar  ridj^e  of  the  hmneriis,  the  external  inter- 
miiscuilar  si»ptum.  and  the  extensor  tendon  common  to  it  and  the  neij^hl)orin^  super- 
ficial  miiscKs.  Al)out  the  middle  of  the  forearm  it  is  continiied  into  a  tendon  which 
passts  bi-neath  the  posterior  anniilar  lij^ament  in  the  second  compartment,  alonj,^  with 
the  extensor  carpi  radialis  brevior,  and  is  inserted  into  the  l)ase  of  the  second  meta- 
carpal. 

Ncrvc-Supply. — By  the  deep  division  of  the  mnsculo-spiral  nerve  from  the 
sixth  and  seventh  ccr\ical  ner\es. 

Action. — To  extend  and  slij^^htlv  abduct  the  hand. 

Variations. — The  extensor  i"i\T\\\  radialis  lnn;n*»r  ^^  »»rcasiofiallv  fiised  wilh  the  extensor 
rarpi  ra<lialis  brevior.  It  iiiav  st-nd  tendinous  slips  to  the  tirst  anil  third  nietacarpals  and  to  the 
ira|H;/iiini. 

\    KxTKNsoR  Carim   Radialis  Brfaior  ( Fi^.   579). 

Attachments. — The  shorter  radial  carpal  extensor  ( m.  extcnsor  carpi  radialii 
brevis)  is  fiiseil  \vith  the  nei^hlnirinj;  siiperticial  extensors  where  it  arises  from  the 
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extemal  condyIe  ol  the  hu- 
menis,  from  the  adjacent  in- 
tennuscular  septa,  and  Irom 
the  deep  fascia  of  the  fore- 
aim.  Its  tibres  convorg^e  at 
about  the  middie  of  the  fore- 
ann  into  a  flat  tendon,  which 
passes  with  the  long  exten- 
sor  carpi  radialis  beneath  the 
pos tenor  annular  ligam ent 
in  the  se<x>nd  compartment 
and  is  inserted  into  the  base 
oi  the  third  metacarpa),  a 
bursa  (bursa  m.  eitensoris 
carpl  radialte)  being  inter- 
posed  between  the  tendon 
and  the  bone. 

Nerve-Supply.  —  By 
the  poslerior  interosseous 
t»iinch  of  the  musculo -spiral 
nerve  from  the  sixth  and 
seventh  cervical  nerves. 

Action.  —  To  extend 
the  hand. 

Variaiion«.— It  may  be  fused 
to  a  greater  or  Icss  extcnt  with 
Ihe  extensor  carpi  radinlis  lon- 
poT  and  mav  be  inserted  into 
ine  bases  ol  both  the  si^rond 
and  third  metacaq>als. 

4.    EXTENS0R    COMMUNIS 

DiGlTORUM  (Fig.  579). 
Attachments.  —  The 
common  extensor  of  the 
fingers  (m.  eitensor  (iigitonim 
comamais)  arists  in  com- 
mon with  the  neighboriiiR 
superiicial  estensorB  from 
the  extemal  condyie  of  the 
humei^s,  from  the  septa  be- 
tween  tt  and  the-  udjoining 
musdes,  and  fnun  the  deep 
fascia  of  the  forearm.  At 
about  the  iniddte  of  the 
foreann  its  fibres  ^o  ovcr 
into four tendons,  »hich  ji;iss 
through  the  fourth  comp;iri- 
ntent  beneath  the  jKisleriiir 
annular  ligament  and  diverge 
to  be  inserted  \nio  thebascsof 
the  middie  and  terminal  pha- 
langes  of  the  scrond.  third. 
fourth,  and  fifth  tin>;ers.  Jtist 
before  they  piLss  <ner  the 
metacarpo-phalan^eal  joints 
of  their  digits  tlie  fuur  tcn- 
dons  are  usuallv  unitett  by 


tBnchio-ndialU 
Etlrrnal  cond)  k 
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three  ob!iquely  iransveree  t«n- 
dinous  bands  (jnnctarae  tcO' 
dinumj,  the  one  between  the 
indexand  median  digitsbeing, 
however,  frcquently  wanting. 
As  each  tendon  passes  upon 
the  dorsum  of  the  first  phalanx 
of  its  digit  it  spreads  out  into  a 
membranous  expan5ion,  w'hich 
receives  the  insertions  of  the 
interosseous  and  lumbrical 
niuscles  and  then  divides  into 
three  more  or  less  well-detined 
shps.  The  median  slip  passes 
to  the  base  of  the  sccond  pha- 
lanx,  while  the  lateral  oncs, 
passing  over  the  firet  interpha- 
ianpeal  joinl,  unite  over  the- 
dorsum  of  the  second  phalanx 
and  aujjiserted  into  the  base- 
of  the  «Ht  phalanx. 

Nerve-Supply. — By  the 
posterior  intcrosseous  branch 
of  ihe  muscuto-Rpiral  nen'e 
fnim  the  sixth,  se\-enth,  and 
eighth  cervical  nenes. 

Action. — To  extcnd  the 
phalanfjfc-s  of  the  second,  third, 
fourth,  and  lifth  fingers  and, 
LDiitinuint;  tti>  action,  to  extend 
the  liand. 


VariatioBi. — The  principal 
variations  of  the  common  eKlemor 
ninMsi  in  the  absence  uf  une  ur 
other  of  the  tendons.  usuallv  that 
tu  thi-  li(th  digii  and  more  rard)- 
tliat  to  the  second,  or  else  in  the 
iM-cunence  <>f  addilional  tendons, 
due  tu  tlie  division  u(  one  or  more 
of  those  lypicnlly  occurrinK,  cer- 
tain  of  the  diints  then  receiving' 
twi>  or  e\'en  three  tendons.  Oe- 
casionally  an  additional  tendon  is 
[tresent  which  jNisiieK  luthethumb 
to  unite  with  the  tendon  of  its  long 


5.     EXTENSOR     MiMMI     DlG- 

ITI  ( Fig.  579)- 
Attachments.— Theex- 

tcnsor  of  the  little  finger  (■. 
cxtensnr  dieiti  ^gnioti  propriBs' 
arists    in    common    with    th' 
precedin)^  mtisck-  from  the  lai 
eral  cpit^indvle  of  the  humen 
and  from  the  antlbrachial  b 
cia.     Its  tendon  ]>asscs  benea 
thi'  posterior  »nnuhir  ligam« 
in  the  (iflh  rompartment  a 
fuscs  OVIT  the  fifth  n 
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6ot 


trith   the  tendon  of    the  extensor  communis  digiturum  which  passes   to  the  little 
finger. 

Nerve-Supply. — By  the  posterior  interosseous  branch  of  ihe  musculo-spiral 
nerve  from  the  sixth,  seventh,  and 
dghth  nerves,  Kic.  581. 

Action.— To  extt:nd  the  tit- 
tk  finger. 

Variatkm*. — This  muscl«  is  t 
dmes  absent,  probablv  reniainii 
corporaled  in  tne  extei 
IB  tendon  occasionally  sends  a  slip 
the  fourth  finger. 

6.    ExTENSOR  Carpi  Ulnaris 
(Figs.  577,  579). 

Attachments. — The  exten- 
sor  carpi  ulnaris  arUes  in  common 
with  the  adjacent  superficial  ex- 
tensora  from  the  external  condyle 
of  the  humenis,  from  the  deep 
fascia,  and,  usua]ly,  from  the  apo- 
neurosis  attached  to  the  posterior 
border  of  the  ulna  common  to 
this  muscle,  the  flesor  profundus 
digitorum,  and  tlie  flexor  carpi  ul- 
naris. Its  tendon  |>as5es  through 
the  sixth  coinpartment  beneath 
the  posterior  annular  ligament  and 
19  inserted  into  the  base  of  the 
lUth  metacarpal  bone. 

Nerve-Supply.  —  By  the 
posterior  interosseous  branch  of 
the  musculo-spiral  nerve  from  the 
^xth,  seventh,  and  eighth  cervical 
nerves. 

Action. — To  extend  and  ad- 
duct  the  hand. 

Varlationa — A  fibrous   band  is  1,     ■       1  1     ■      ■  ■  i       r 

often  given  off  from  the  tendon  of  ihe         Ri-aerti™"  "'  »™-  sh.minK  ■leer  muscl«  m  vicinliy  of  i 

muscle  to  be  inserted  somett'here  ovcr 

the  fifth  metacarpal  into  the  shcalli  of  tlie  tendon  of  Iht-  oKtensor  of  the  litlle  finger ; 

been  termed  the  m,  ulnaris  futn/i  digiti. 


(M)  The  Deep  I.avek. 

1,  Supinator.  3.    E.\tensor  brcvis  pollicis. 

2.  Extensor  ossis  metacarpi  pollicis.  4.   E.\tensor  longiis  pollicis. 

5.    Estensor  indicis. 

I.    SfPiNATOR   (Figs.    580.581). 

Attachtnents. — The  supinatiir,  also  termed  the  supinator  raJii  brevis.  is  a  flat 
triangular  muscle  whicli  artsis  partly  from  the  miter  cr>ndyle  of  the  hiimeriis  and  the 
orbicular  ligament  of  the  elb<iw-i<)int,  and  partly  from  the  upper  part  of  the  lateral 
border  of  the  ulna  and  the  smooth  sHrface  l)eneath  the  lesscr  sif^moid  cavitv  of  that 
bone.  Its  fibres  pass  obliqiiely  doMnward  and  <)utward,  diverginj;  ns  thcv  go.  and 
are  inserted  inio  the  posterior.  laleral,  and  anterior  surfaces  of  the  radius,  cur\-ing 
around  that  lxine.  The  insertion  extends  downward  to  about  the  iniddle  of  the 
radius. 
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Nerve-Supply. — By  thc  posterior  interuK>cous  branch  oi  Ihe  musculo^spiral 
nerve  frinn  ihc  sixtli  ccrvical  in;rve. 

Action. — To  supinatt;  the  forearm. 

Variationa. — Thc  posterior  inter(iss«ous  ncrve  |>erforates  the  supinator  and  occasionalljr 
niurks  Ihe  line  uf  scjuinition  of  thc  niuscle  intu  t»'u  {Mirtions.  which  <;i>rTL-s|x>nd  to  ihe  vpicon- 
(iylar  ami  iiltuir  |K>rtiuns  iif  tlie  niusclc,  The  iiiuscle  is  itKteed  a  ciimposite  one,  a  portion  of  il 
L>cinK  deriveJ  fruni  the  superlicial  exlt:iisor  lnyt:r  und  tho  rest  uf  it  fruni  thc  deep  laver. 


2.    ExTENsoR  Ossis  Metacarpi  Poi.i.icis  (Fiy.  580), 

Attachments. — Thc  extensor  o(  the  mctacarpal  bone  of  the  thumb  (m.  abdnc- 
t«r  pollicis  lun^sj  arises  troni  the  middle  third  ol  the  posterior  surfaces  of  the  ulna, 

the  interosseous  membrane,  and 
Kiu.  581.  the   riidius.      It    passes    down- 

ward  and  latcrally,  and  its  ten- 
don   puKses   through   ihe  first 
ijii,  comj>artment  beneath  the  pos- 

terior  annular  ligament   to  be 
inserted  Into  the  nuter  side  of 
i  rjiKitonim      jjj^.  |j^j,g  ^f  (1,^  (;,^[  metacarpal 
bone. 

Nerve-Supply. — By  the 

posterior  interosseous  branch  of 

tlie  m usculo- spiral  nerve  from 

thc  si.\th,  seventh,  and  eighth 

cervinil  nerves. 

iiiicii  Action. — To  abduct  and 

liaiis  lonjticir     sliglitly  extend  the  thumb  and. 

Lspoiiiiis  cnntinuing  its  action,  to  abduct 

alubnvior         jj^^,  ],jjj,(J 

<  Relations. — It  is  covered 

t)y  the  niuscles  ol  the  superiitnal 

rwi  laycr  and  is  crossed  obIiquely  \xy 

iiiLlicls  the  dorsal  interosseous  artery. 

Helow  it  crosses  ot>liquely  the 

tendons  of  the  extenRores  carpi 

radiales  and  the  radial  artery. 

Variationi. — It  may  be  par- 
tiall)-  or  M-holly  fused  with  Ihe  ex- 
tensor  hrevis  pollieis.  OccasitMia)^ 
it  poiitiesses  two  tendons.  one  of 
wluch  niav  lie  inserted  intu  the  dor- 
sal ran>al  lifnantent,  the  abductor 
bruvis  |K>1licis,  or  the  irapezjum. 

3.      EXTENSOR    BrEVIS    PoLLI- 

cis  (Fiff.   580). 

-  »hcviinir  Attachments.— The shoit 

extensor  ol  the  thumb  ( m.  ext»- 

sor  pollicis  brcvis),  aiso  termed 

/  intirnodii  pollieis.  lies  aliinjj  thi-  nit-dial  l>ordcr  of  the  cxteiisor 

illicis.      It  arurs  from   the  internsseons  membrane  and  the  po8- 

e  fiHliiis,  p.irtlv  iindt-r  covcr  ii(  the  extensor  longus  pollicis,  and  its 

.siiij*  with  that  of  llie  ahthictor  thniugh  tlie  first  compartment  o!  the 

r  lij,'amciit.  is  iiisirUd  into  the  kise  ol  the  firsi  phalanx  ol  the  thumb. 

Nerve-Suppiy. — Hy  the  posterior  interosseous  branch  ol  the  musculo -spiral 

ve  fmm  the  sixth.  sevi-nth.  and  ei^hlh  rcnind  nervf-s. 

Action. — To  abduct  the  thumb  m\i\  exli-nd  its  first  phalanx. 
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Relations. — The  relations  of  the  niuscle  are  essentially  tlie  same  as  those  of 
Mhe  exlensor  ossis  metacarpi  pollicis. 

VarUtions. — The  extensor  brevis  and  the  metacarpal  extens()r  of  the  thuinb  are  differen- 
'Siations  of  a  comnion  niuscle  and  show  indications  of  this  in  llieir  partial  or  complete  fusion. 
^he  lendon  of  the  extensor  brevis  is  sometimes  continued  on\\  ard  to  the  terminal  phalanx  of 
•»he  thumb  or  may  send  a  slip  to  the  base  of  the  second  nietacan>al. 

4.     EXTENSOR    LONGUS    POLLICIS  (Fig.   580). 

Attachments. — The  long  extensor  of  the  thumb  (m.  extcnsor  pollicis  longus), 
2dso  known  as  the  e.vtensor  secundi  hiternodii  pollicis,  is  an  eloiigated  fusiforni  nius- 
<:le  lying  along  the  medial  border  of  the  extensor  brevis  pollicis,  which  it  partly 
<X)vers.  It  arises  from  the  interosseous  membrane  and  posterior  surface  of  the  ulna  ; 
xts  tendon  passes  downward  in  the  third  compartment  beneath  the  posterior  annular 
ligament  and,  crossing  over  the  tendons  of  the  extensores  carpi  radialcs,  is  inscrted 
mnto  the  base  of  the  terminal  phalanx  of  the  thumb. 

Nerve-Supply. — By  the  posterior  interosseous  branch  of  the  musculo-spiral 
■nerve  from  the  sixth,  seventh,  and  eighth  cervical  nerves. 

Action. — To  extend  the  terminal  phalanx  of  the  thumb  and,  continuing  its 
<^ction,  to  extend  and  at  the  same  time  slightly  ackluct  the  thumb. 

5.   ExTENSOR  Indicis  (Fig.  580). 

Attachments. — The  extensor  of  the  index-finger  ( m.  extensor  indicis  proprius) 
J.ies  along  the  medial  border  of  the  extensor  longus  pollicis.  It  arises  from  the  in- 
terosseous membrane  and  the  dorsal  surface  of  the  ulna.  Its  tendon  passes,  along 
"%jvith  the  tendons  of  the  extensor  communis  digitorum,  through  the  fourth  compart- 
BTient  beneath  the  posterior  annular  ligament,  and  eventually  is  inscrted  with  the 
ILendon  of  the  common  extcnsor  \vhich  passc*s  to  the  index-finger. 

Ncrvc-Supply. — Hy  the  posterior  interosseous  branch  of  the  musculo-spiral 
nen^e  from  the  seventh  and  eighth  cervical  nerves. 

Action. — To  extend  the  index-linger. 

Variations. — The  extensor  indicis  niay  l)e  \vanting,  or  its  tendon  mav  send  slips  to  the 
third  and  fourth  di^its.  Occasionally  a  niuscle  arises  from  the  ulna,  belovv  the  orij^n  of  the  ex- 
"^ensor  indicis,  and  passes  to  the  third  or  fourth  finjjer.  fonninjj:  wliat  has  l>een  termed  the  extensor 
^Hgiti  tnedii  \^vel annularis) proprius.  This  nuiscle  represents  an  additional  portion  of  the  deep 
^xtensor  layer  uhich  nomiafly  disiip|)ea»-s. 

PRACTICAL  CONSIDERATIONS  :    THE   FOREARM. 

The  fascia  descending  from  the  arm  to  the  forearm  should  be  studied  anteriorly 
"U'ith  relation  to  the  expansion  kno\vn  as  the  bicipital  ai)<)neurosis  (Fig.  570), — one 
of  the  '*  two  inferior  tendons  of  the  biceps"  of  the  older  anatomists, — \vhich  becomes 
eontinuous  \vith  the  deep  fascia  of  the  forearm,  and  thus,  through  the  origin  from  its 
under  surface  of  fibres  of  manv  of  the  superficial  muscles  of  that  region,  associates 
their  action  with  that  of  the  biceps  itsclf.  Partlv  f(^r  this  reason  injuries  and  diseases 
affecting  the  bicipital  region  are  sometimes  associated  \vith  a  certain  \veakness  of 
grasp  and  feebleness  of  \vrist  flexion.  The  facts  that  onlv  this  aponeurotic  expansion 
separates  the  median  basilic  vein  from  the  brachial  arterv,  and  that  in  j)ersons  of  poor 
muscular  development  it  is  often  so  thin  as  scarcelv  to  constitute  a  recognizable 
layer,  were  of  practical  imjjortance  when  phlelx>tomy  of  the  median  hasilic  \vas  fre- 
gnehtr  Arterio-venous  aneurism  from  accidental  puncture  of  the  arterv  was  then 
quite  common. 

Posteriorlv  the  outer  aponeurotic  expansi()n  of  the  triceps.  running  over  the 
anconeus  to  become  eontinuous  \vith  the  deep  fascia  of  the  forearm,  is  of  importance 
in  its  relation  to  the  po\ver  of  extension  of  the  forearm  after  excision  of  the  elbo\v 
(page3o8). 

The  fascia  of  thr  forearm,  lu^sides  giving  origin  to  manv  tibres  of  the  subjacent 
muscles,  as  has  been  noted  above,  envelops  the  forearm  completely,  being  continu- 
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I  ous  at  the  Uiust  with  the  anterior  and  posterior  annular  ligamepts.  The  sppta  yhiyh 
I  run  in  iroin  it  to  be  attached  tO  ihc  sides  of  the  ulna  and  ratmiii  divide  ihe  forearm, 
I  with  the  aid  of  the  i nternsseou s  membrane,  into  two  musculo-aponeurotic  spaces,  an 

Iantero-external  and  a  posterior  (Fig.  583).  The  (ormer  contains  numerous  musclea 
and  the  main  vessels  and  nerves,  the  lattcr  is  almost  entirely  muscular. 
The  inter|}enctration  of  these  main  septa  and  of  the  intermuscular  fascia  by 
nervo-vasciilar  structures  rendcrs  them  of  slight  importance  in  limitin^  the  sprcad  o( 
infectious  diseasc  or  oE  collections  of  blood  or  pus.  But  in  the  not  infreqiient  cases 
of  incised  uuiinds  severing  the  muscles  and  tenduns  of  this  region  it  may  systcmatize 
the  search  for  and  reunion  of  the  divided  structures  if  the  somewhat  artiticial  topo^- 
raphy,  as  described  by  Tillaux,  is  borne  in  mind.  The  antero-extemal  compart- 
tnent  is  thus  regarded  as  inchiding  four  spaces.  1.  That  between  the  skin  and  the 
first  muscular  laycr. — the  palmaris,  flexor  carpi  ulnaris,  pronator  radii  teres,  etc, — 
and  containinj;  the  internal  culaneous  and  musculo-cutaneous  nerves,  the  perforating 
branches  of  the  radial  and  ulnar  nerves,  the  superficial  veins.  and  sometimes  the 
ulnar  artery  when  ihcre  is  a  high  bifurcation  of  the  brachial.  2.  That  beti*een  the  first 
muscular  layer  and  the  t}exor  siiblimis,  with  the  br.ichio-radialis  and  short  supinator 

e.'tternally.    This  contains 
F:«.  583.  the  radial  ner\'e,  aiterj', 

iHiKiu  poiiitis  and  veins.     3.  That  be- 

t»-een  the  flcxor  sublimis 
and  the  flexor  profundus 
and  fle.\or  lonj^s  pollicis. 
This  contains  the  median 
nene  atid  the  ulnar  ner\-e 
and  it-ssels.  4.  That be- 
twcen  the  last-named  mtis- 
cles  and  the  interossenus 
membrane,  containing  the 
anterior  interosseous  ves- 
sels and  the  interosseous 
ner\e. 

In  the  posterior  com- 
partmcnt  are  to  be  found. 
in  addition  to  the  exten- 
sors  and  the  anconeus, 
only  the  jx)sterior  inter- 
osseous vessels  and  nene 
(Fig   583)- 

Fracturesof  the  neck 
of  the  radiiis  ( between  the  head  an<l  the  tuherositv >  are  \ery  rare,  as  it  is  co\ered  and 
protected  fnnu  direct  violcnce  by  the  lonj:  and  short  supinators  and  the  long  and 
short  radial  e.Mcnsors.  Angular  displacement  fonsard  is  thought  to  be  caused  by 
the  action  of  the  bice]»s  011  the  npper  end  of  the  lower  fragment.  The  upper  fr^- 
itaifd  outnard  by  the  supinator  brevis,  Fracture  of  the  radius  beIow  its 
id  aJKK-e  the  insertinn  of  the  pnmator  radii  teres  (a  little  almve  the  middle 
.ide  nf  the  !>one)  is  f<illowed  by  supination  and  flesion  of  the  upi>er  frag- 


tulxrck-  a 
of  il 


t  hy  the  liicq>s  antl  supinator  bre 
towards  the  ulna  bv  the  pniiiators. 

It  is  well  l<i  treat  casi-s  of  this  fr; 
so  as  t.i  appro\iinai,-  tlu'  fragmenls  a 
usefulm-ss  of  the  supinators. 

In  fra.-ture  nf  ihe  radiiis  K-low  the  in 
uppiT  frajjnu-ut  is  tle\eii  bv  the  bicejis,  so  ti 
and  [.-It  ..n  llu-  fr.mt  of  the'forearni  just  al«n 
liy  lile  pronaliir  radii  ti-ns  :  the  loiver  frjigi 
pmiiaior  cjuatiratus,  ai^k-d  liv  the  aai<in  of  the  I: 
ll-iK.  .SX4)- 

In  the  usiial  jHisilion  In  vhich  sntb  fracture; 


The  lower  fragment  is  pronated  and  drawn 

ture  with  the  forcami  in  moderate  supination, 
(i  jireserve  the  a.\is  of  the  bone  and  the  fiiture 

the  inscTlton  of  the  pronator  ladii  teres  the 

i,  so  that  its  lower  eml  can  sometimes  be  seen 

the  miikile.  and  is  sometimes  pronated 

•nt  is  drawn  tottards  the  ulna  by  the 

iehii>-ra<lialis  on  the  styloid  proccss 

ire  treated.  the  liexion  of  the  e1bow 


biceps 
the 
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.^ind  the  mid-position  bctween  pronation  aiid  supination  sufficiently  rela.v 
^and  the  pronator  radii  teres.     The  weight  of  the  hand  in  adduction 
2)ull  of   the   brachio-radialis 
.^nd  pronator  quadr3tus.  ''  "'*  S«- 

Fractureof  both  bones, 
f  ram  either  direct  or  indirect 
-^■iolence,  usuall/  takcs  plače 
l^eloM'  the  middie  of  the  fore- 
^arm,  as  there  the  muscular 
vnasses  whicti  protect  the 
«jpper  half  nf  the  radius  from 
«=tirect  viotence  lia\e  largely 
iDeen  replaced  by  tendons, 
Klie  ulna  is  slender  and  »eal:,  F'o' 
^and  the  opposing  forccs  rep- 
vesented  b)-  the  biceps  and 
■i>rachialis  anticus  abuve  and 
Vhe  weight  or  force  applied 
■t  hrough  tlie  fiand  expend 
^hemselves.  Thus  Malgaigne 
Cquoted  by  Agnew)  reports 
^  čase  in  which  both  bones  ^  ['^^^ 
■v*-ere  broken  by  muscular 
^Ction  afone  while  the  patient 
-«;«-as  caiTying  neight  in  the 
ffomi  of  a  shovelful  of  dirt. 
'^Vhen  the  resulting  deform- 
i'<y  is  due  chiefly  to  the  coii- 
'traciion  of  muscles.  it  is  apt 
K«  consist  in  Hexion  of  both 
Upper  fragnients  by  the  bi- 
«rep3  and  brachialis  anticus,  ^    S  4  .  i 

supination  of  the  upper  frag-  ■.'   i 

■-»lent    of    the     radius    by    the     Di5Melion«nincl«i^fr...liiislet«™i  Dissrclio..  ol  l.artnre  of.ok- 

t>iceps  and  supinator  bre\'is,  ""^ '""  i>""'-""'  niu~cin.  '""".d  i'ro'"^>i!Mn<i'''  "'"* ' '"'"' 

^k.nd  approxiniation  of  the  two 

l«Dwer  fragments  by  the  pronator  quadratiis.     Miich  o\erlapjiiiig  and  shortening  are 
i-asuaUy  prevented  by  the  untorn  fibres  of  the  intenisseous  membrane. 

During  .the  period  of  rcpair  the  mid-posilion — betiveen  pronation  and  supination 

preserves  the  [Nirallelism  of    the  two  lx>ncs.  maintaiiis  the  interosseous  space  at 

I  its  greatest 


Fig.  5S6. 
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press  the  soft  tissues  ;  whik'  thc  trnsc  wiih  which  both  veins  dnd  arteries  inay  be 
obstnicted  at  the  bend  of  the  elbow  should  lead  to  careful  avoidance  of  pressure  in 
that  regioii  froin  the  ujiih-T  end  of  llie  palmar  splint. 

The  preservatiljn  of  the  intcrosseous  spacf  is  (avorcd  by  tlic  oinission  of  the 
primarv  roller  baii<lage  and  by  the  avoidance  of  dircct  pressure  iipon  tlic  soft  parts 
by  the  bandage  iisi-d  to  retaiii  the  sphnts. 

THE   MUSCLES   OF   THE   HAND. 

The  Deep  Pascia  of  the  Hand. — Thc  deep  fascia  of  the  palmar  surface 
of  tlie  hand  is  nsual]y  r(.-f,'arded  as  beinfj  represcnteil  by  the/o/Mva/- <7/iff«cKr^«j,  a 
firm  shoet  of  connective  tissuc  which  occiipies  the  pahn  of  the  hami  and  lies  inime- 


■  iM-niath  the  >kin.  Tliis  stnictiiro  rci)rcs<nts,  hinvever,  the  superlicial  laj-er 
bilk  ;i[inninnjM>  «liifli  uccnrfi  in  thi'  li)wcr  vertcbrates,  receiving  ihe  insertion 
aniil-rachial  Hi\iirs  and  jrivinp  ori(,'in  to  thc  diirital  He.vors.  From  the  proxi- 
iirtion  iif  lliis  aponeiinisis  lhen>  is  fornied,  hnwevir,  ihe  antcrior  annular  liga- 
:m'l  this  niav  be  conHiiiered  as  a  p<irtinn  <>f  ihi-  j)alniar  aponeurosis. 
hi-  littiT  (  Fij;.  5S7).  oftcn  .-alUtl  lin- fi,i//ii,ir  /asria.  is  a  fan-shaped  shcet 
api-\  isdinrti-d  pr<i.\imally.  nrcivini;  tlu-  insi-rliim  of  the  palmaris  lon|>usand 
t<>  a  certain  e.Klent  cciminnons  uith  the  anterior  annular  ligament.      It  rcacha 
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its  greatest  breadth  over  the  distal  portions  of  thc  nietacarpals,  and  is  continued 
on\vard  as  four  more  or  less  distinct  bands,  \vhich  are  inserteci  into  the  integument  at 
the  bascs  of  the  second,  third,  fourth,  and  fifth  lingers.  A  little  belo\v  ihe  lower 
^dge  of  the  aponeurosis  transverse  bands  of  fascia  (fasciculi  transversi)  stretch  across 
l)etween  \he  same  fingers,  lying  immediately  beneath  the  skin  and  being  connected 
to  a  greater  or  less  extent  \vith  one  another.  These  bands  constitute  the  supcrjicial 
transverse  metacarpal  ligament  beneath  the  \vebs  of  the  fingers. 

The  anterior  atuiular  ligament  ( li^aracntum  carpi  transversum )  (Fig.  57S)  is  a 

^trong  band  \vhich  stretches  across  from  the  trapezium  and  scaphoid  bones  of  the 

<:arpus  on  the  radial  side  to  the  pisiform  and  unciform  bones  on  the  uhiar  side, 

tforminga  bridge  across  the  groove  on  the  anterior  surface  of  the  carpus  \vhich  trans- 

snits  the  tendons  of  the  long  flexors  and  of  the  flexor  carpi  radiaHs  and  the  median 

Mier\'e.     The  canal  so  formed  is  divided  by  a  partition  into  a  small  radial  compart- 

:Mnent  through  which  the  flexor  carpi  radialis  passes,  and  a  large  iilnar  one  \vhich 

^ives  passage  to  the  other  structures  mentioned.      The  tendons  are  enclosed  \vithin 

svnovial  sacs  which  extend  downward  to  al)out  the  middle  of  the  palm  and  up\vard 

to  a  short  distance  above  the  upper  edge  of  the  ligament.     The  sac  \vhich  surroimds 

the  flexor  longus  jx)llicis  is  usuallv  separate  from  that  \vhich  surroimds  the  remaining 

tendons  of  the  ulnar  compartment  ;  occasionally  the  portion  surrounding  the  tendons 

>f  the  index-finger  is  also  separate. 

Towards  either  side  of  the  palmar  surface  of  the  hand  the  palmar  fascia  forms  a 
hin  covering  for  thenar  and  hvpotheiiar  eminences  formed  by  the  superficial  muscles 
»f  the  thumb  and  the  little  finger  respectively.  Upon  the  dorsal  surface  the  fascia  is 
"dhin,  and  is  continued  do\vnward  from  the  lovver  border  of  the  posterior  annular 
1  igament  over  the  exlensor  tendons  to  the  lingers,  \vhere  it  unites  with  the  aponeu- 
m~oses  of  the  tendons. 

(tf)    THE  PRE-AXIAL  MrSCLES. 

The  pre-axial  muscles  of  the  hand  are  to  be  regarded,  from  the  comparative 
^»  tand-point,  as  being  arranged  in  live  layers.  Although  these  lavers  become  con- 
f 'vjsed  to  a  certain  extent  in  the  human  hand,  it  \vill,  nevertheless,  aid  in  the  proper 

nderstanding  of  their  relations  to  group  them  according  to  the  primary  layers  from 

rhich  they  are  derived. 

{aa)    The  Miscles  of  the  First  Laver. 

1.  Palmaris  brevis.  4.    Flexor  brevis  pollicis. 

2.  Alxluctor  pollicis.  5.    Abductor  minimi  digiti.  /.' 

3.  Opponens  pollicis.  6.   Opponens  minimi  digiti. 

7.   Flexor  brevis  minimi  digiti. 

The  most  superticial  layer  of  the  palmar  muscles  in  the  lo\ver  vertebrates  takes 
^s  origin  from  the  palmar  aponeurosis.  The  greater  portion  of  the  laver,  as  has 
L^lready  been  pointed  out,  becomes  converted  in  the  mammalia  into  the  palmar  por- 
»  ons  of  the  tendons  of  the  flexor  sublimis  digitorum.  and  it  is  onlv  towards  either 
argin  of  the  hand  that  it  persists  as  muscles,  which  sh()w  indications  of  their 
>mimary  relations  in  their  origin  from  the  palmar  aponeurosis  or  the  anterior  annular 
^i^j:ament. 

I.    Pai.maris  Hrfais  (Fig.   576). 

Attachments. — The  palmaris  brevis  is  a  thin  quadrangular  sheet  \vhich  lies 
immediateiy  beneath  the  skin  of  the  hyi)()thenar  eminence.  It  ariscs  from  the 
r*'"oximal  portion  of  thi-  ulnar  border  of  the  palmar  apc^neurosis  and  is  inscrted  into 
^he  skin  of  the  ulnar  border  of  the  hand. 

Ncrvc-Supply. — Hy  the  superticial  division  of  the  ulnar  nerve  from  the  tirst 
thoracic  nerve. 

Action. — To  \vrinkl(*  the  skin  u|)on  the  ulnar  border  of  ihe  hand.  dee[)ening 
^"^  hollow  of  the  hand. 

Vmrmtions, — The  niiisck'  niav  1k*  ^reatlv  nuhiced  in  size  and  is  (Krasionall)'  vvantinj?.  ^  ' 

■v. 

}  1 .      •      ' 


J-^t 


6o8  HUMAN   ANATOMV. 

2.  Abductor  Pollicis  (Fig.   577). 

Attachments. — The  abductor  of  the  thumb  (m.  abductor  pollicis  brevis)  is  the 
most  superlicial  muscle  of  the  thenar  eminence.  It  arises  from  the  anterior  annular 
ligament  and  from  the  scaphoid  bone  or  the  trapezium  and  passes  distany,to  be  in- 
serted  along  with  the  flexor  brevis  pollicis  into  the  radial  side  of  the  base  ot  the  first 
phalanx  of  the  thumb  and  into  the  sheath  of  the  tendon  of  the  extensor  longus  pollicis. 

Ncrvc-Supply. — Hy  the  median  nerve  from  the  sixth  and  seventh  cervical 
nerves. 

Action. — To  Hex  and  abduct  the  thumb. 

Variations. — The  |K)rti(>n  of  ihe  muscle  arisinjj  from  the  carpus  is  sometimes  separate  from 
that  takin^  ori^in  from  ihe  transverse  carpal  li^anieiit.  Slips  are  iKcasionallv  seiit  to  the  abduc- 
tor from  Ihe  extensores  caq>i  radiales,  Ihe  extenst)r  ossis  metacarpi  |>ollicis,'  the  op|x>nens  pol- 
licis, and  the  flexor  brevis  |K)llicis. 

3.    Opponens  Pollicis  (Figs.   578,  588). 

Attachments. — The  opponens  pollicis  is  almost  completelv  covered  by  the 
abductor  pollicis.  It  arises  from  the  anterior  annular  lijjament  and  from  the  trape- 
zium, and  is  insertvd  into  the  whole  lenj^th  of  the  radial  border  of  the  first  metacarpal. 

Ncrvc-Supply. — By  the  median  nerve  from  the  sixth  and  seventh  cemcal 
ner\'es. 

Action.  —To  Hex  and  adduct  the  thumb,  opposinj^^  it  to  the  other  fingers. 

4.    Flex()R  Brevis  Pollicis  (Figs.   578,   588). 

Attachments. — The  flexor  brevis  pollicis  lies  along  the  lo\ver  (ulnar)  border 
of  the  opponens  pollicis.  It  arises  from  the  lower  border  of  the  anterior  annular 
lij^ament  and  is  inserted,  along  \vith  the  abductor  pollicis,  into  the  radial  side  of  the 
base  of  the  first  phalanx  of  the  thumb. 

The  muscle  al)ove  descril>ed  is  usually  re^arded  by  EnjcHsh  anatomists  as  representin}^  the 
outer  or  radial  head  of  the  flexor  brevis,  a  second  innef  or  ulnar  head  being;  induded  as  part  of 
that  muscle.  Conceminjj  the  inner  head  ihree  vieus  are  held  :  {a)  no  inner  head  is  recognized, 
the  small  slip  arisin^:  from  the  ulnar  side  of  the  base  of  the  first  metacan)al  bone  and  passinf^ 
downward  to  be  inserled  \vith  the  adductor  ix)llicis  into  the  base  of  the  first  phalanx,  which  b>' 
manv  ICnjjlish  anatomists  is  rejjarded  as  a  small  inner  head  of  the  flexor  brevis,  beinjs^  deiscribed 
as  an  .iclditional  (first)  palmar  interosseus  (pa^'  612)  ;  {b\  the  small  slip  just  noted  is  the  inner 
or  ulnar  head  of  the  nexor  brevis  ;  (r)  the  small  slip  and  ali  the  fil)res  ciescrilx*d  as  forminfc  the 
adductor  obliquus  (pajife6io)  are  rejž^arded  as  the  inner  head  of  the  flexor  brevis.  The  first 
view,  adopted  hy  Ciemian  anatomists,  is  here  folloued. 

Nervc-Supply.  — By  the  median  nerve  from  the  sixth  and  seventh  cer\-ical 
nerves. 

Action. — To  flex  the  first  phalanx  of  the  thumb. 

Variations. — The  muscle  is  sometimes  intimately  connected  \vilh  the  abductor  |x>llicis  and 
op|Mmens  |M>llicis. 

5.    ABDrcTOR  MiNiMi  DKiiTi   ( P'ij.j:.   577). 

Attachments. — The  aMuctor  of  the  little  finijer  (m.  alntuctor  dii^iti  qaiiiti^ 
occupies  the  ulnar  border  of  the  hand.  It  arises  from  the  anterior  annular  li^^amenr 
and  from  the  pisiform  bone  and  is  insrrted  intc^  the  ulnar  side  of  the  base  of  the  firs*" 
phalanx  of  tlu*  littlr  fini^rr. 

Nerve-Supply. — By  the  deep  division  of  the  ulnar  nerve  from  the  eighth  cer 
vical  and  first  thurarie  nerves. 

Action. — To  alKliict  the  fifth  fin^er. 

<\     OPPONKNS    MlMMI    DlCITI    (V\\^.    578). 

Attachments. — Tliis  muscle  •  m.  opponens  <liuiti  <iuinti  •  is  almost  completel^ 
rn\(  rrd  I  »v  thr  abductor  and  short  tl<\<»r  of  tlu-  litth*  liniiir.  It  arises  from  ih-- 
antt  ri«»r  .miuilar  lii^amrnt  and  tlu-  imcin.itf  j)roci'ss  of  ihr  luuiform  Ume  and  is  i\ 
serted  into  tlu*  \vholr  of  the  ulnar  l^nder  of  the  fiflh  metacarpal  l>one. 
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Nerve-Supply. — By  the  deep  division  of  the  ulnar  nerve  from  tlie  eighth  cer- 
vical  and  first  thoracic  nerves, 

Action. — To  flex  and  at  the  same  tirne  adduct  the  liith  metacarpal. 


7.    Flexor  Brevis  MiNiMi  DiGiTi  (Figs.  577,  578). 

Attachments.— The  short   rtexor  of  the  little  finger  (m.  flexor   brevis   digiti 
<iniDti)  lies  atong  the  lateral  (radiai)  border  of  the  abductor  minimi  digiti.     It  arises 

Fig.  588. 
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Mrom  the  anterior  aiirmlar  li^iamcnl  and  the  iincinate  process  of  the  uncinaie  bone 
and  is  inserted  into  the  ulnar  side  of  the  base  of  the  tirst  phalanx  of  the  little  finger. 

Nerve-Supply.— By  the  decji  division  of  the  ulnar  nerve  from  the  ciiirhth  cer- 
Vical  and  first  thoracic  nerves. 

Action. — To  fiex  and  slightlv  abtliict  the  first  phalanx  of  the  litde  finger. 

Iiffvis  and  ii[)))i>nens  iiiiiiinii  digiti  are  uften  united  by  muscie- 
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{dd)  The  Muscles  of  the  Second  Laver. 

In  the  lower  vertebrates  the  second  layer  also  arises  from  the  palmar  aponeu- 
rosis,  but  from  its  deeper  Iayers.  These,  as  has  been  stated  (pajje  597),  diflfcrentiate 
into  the  palmar  portions  of  the  tendons  of  the  flexor  profundiis  digitorum,  and  in 
the  mammalia  the  muscles  retain  their  priniary  origin  and  arise  from  those  tendons 
forming  the  lumbrical  muscles. 

I.     LlJMBRICALES    (Fig.   578). 

Attachments. — The  lumbricals  are  four  slender,  band-like  muscles,  situated 
in  the  palm  of  the  hand.  Counting  from  the  radial  side  of  the  hand,  the  /irs/  and 
second  lumbricals  anse  from  the  radial  side  of  the  flexor  profundus  tendons  to  the 
index  and  middle  fingers  respectivelv,  while  the  iAird  one  arises  from  the  adjacent 
sides  of  the  tendons  to  the  middle  and  ring  fingers,  and  the  fourth  from  those  of  the 
tendons  to  the  ring  and  little  fingers.  The  muscles  pass  distally  into  slender  tendons 
which  are  continued  to  the  radial  side  of  the  first  phalanges  of  the  second,  third, 
fourth,  and  fifth  fingers,  and  are  inserted  into  the  membranous  expansions  of  the 
tendons  of  the  extensor  communis  digitorum  to  those  fingers. 

Ncrvc-Supply. — The  first  and  second  lumbricals  are  supplied  by  the  median 
nerve  from  the  sixth  and  seventh  cervical  nerves  ;  the  third  and  fourth  by  the  deep 
division  of  the  ulnar  ncrve  from  the  eighth  cervical  and  first  thoracic  ner\'es. 

Action. — To  flex  the  first  phalanges  of  the  second,  third,  fourth,  and  fifth 
fingers.  At  the  same  time,  by  their  traction  upon  the  extensor  tendons,  they  will 
tend  to  keep  the  second  and  third  phalanges  extcnded. 

Vmriations. — Varialioiis  in  the  arranjjemenl  of  Ihe  lumbricals,  and  especially  of  the  third 
and  fourth,  are  not  unconimon.  The  tentlon  of  each  of  these  muscles  mav  bifurcate  and  In?  in- 
serted into  the  adjacent  sides  of  the  third  and  fourth  or  fourth  and  fifth  finjjers,  and  more 
rarel>r  the  šole  iiisertions  niay  be  into  the  ulnar  sides  of  the  first  phalangnes  of  the  middle 
and  ring  fingers.  The  third  lumbrical  is  frequently  supplied  wholly  or  in  part  from  the  median 
ner\'e. 

(rr)  Thk  MfscLE  of  the  Third  Laver. 

In  the  lo\ver  vertebrates  the  third  layer  consists  of  muscles  which  arise  from  the 
carpal  and  metacarpal  bones  and  pass  to  each  of  the  digits.  In  the  mammalia  they 
become  greatly  reduced  in  number,  frequently  persisting,  however,  in  connection 
with  the  thumb,  index,  and  little  fingers,  but  in  man  they  are  represented  onlv  by 
an  adductor  pollicis. 

I.  Adductor  Pollicis  (Figs.  578,  588). 

Attachments. — The  adductor  pollicis  is  a  flat  triangular  muscle  which  rests 
upon  the  metacarpal  bones  and  the  interosseous  muscles.  It  mav  be  regarded  as 
consisting  of  two  portions.  The  portio  obligna  (often  describe<l  as  a  distinct  muscle, 
the  adductor  obliquus  pollicis^  arises  from  the  trapezium,  trapezoid,  and  os  magnum 
and  from  the  bases  of  the  second  and  third  metacarpals.  Its  fibres  are  directed  dis- 
tally  and  radially,  and  are  inserted  by  a  tendon,  in  which  a  sesamoid  bone  is  usuallv 
developed,  into  the  ulnar  side  of  the  base  of  the  first  phalanx  of  the  thumb.  It 
also  sends  off  a  slip  which  passes  l)eneath  the  tendon  of  the  flexor  longus  pollicis  to 
be  inserted  into  the  radial  side  of  the  base  of  the  first  phalanx  of  the  thumb  along 
with  the  f1exor  brevis  pollicis. 

The  portio  transversa  C  often  dt*scribed  as  the  adductor  transversus  poiiicis) 
arises  from  the  lower  two-thirds  of  the  volar  surface  of  the  third  metacarpal,  and  its 
fibres  pass  almost  directly  radially  to  be  inserted  into  the  ulnar  side  of  the  base  of 
the  first  phalanx  of  the  thumb. 

Ncrvc-Supply. — Hy  the  deep  division  of  the  ulnar  nerve  from  the  eighth 
cervical  and  first  thoracic  nerves. 

Action. — To  ad<luct  the  thumb. 

Relations. — The  adductor  pollicis  is  covered  by  the  tendons  of  the  flexor 
profundns  digitorinn  for  the  second  and  third  fingers  and  by  the  first  and  second 
lumbricals.  It  conceals  the  interosseous  muscles  of  the  two  radial  intermetacaq>al 
intervals  and  also  the  radial  arterv  and  the  arteria  princeps  |X)llicis.  The  deep 
palmar  arch  passes  between  the  two  portions  of  the  muscle,  near  their  origins. 
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(dd)  Thb  Musclbs  op  the  Fourth  and  Fiftk  Lavers. 
I.   Interossei  vohtres.         2.  Intcrossei  dorsales. 

In  the  tower  vertet^ates  the  muscuUture  of  the  fourth  palmar  )ayer  consists  of 

a  pair  of  musdes  for  each  digit,  arising  from  the  carpal  and  metacarpal  bones  and 

inserting  into  either  sidc   of  the  base   of  the   first  phalanx.     The  nfth  layer  lies 

doTBal  to  these,  and  consists  of  four  muscular  bands,  n-hich  extend  slightly  obliquely 

across  the  four  inter- 

metacarpal  spaces.  Fig.  589. 

In  the  mammaUa 

a  shifting  of  the  in- 

aertion  of  one  of  the 

muscies  of  the  pairs 

belonging  to  the  first 

and  tifth  digits  takes 

plače,  so  that  theyare 

attached  to  the  radia! 

and  ulnar   sides   re- 

specrively  of  the  ad- 

jacent     second     and 

fourth  digits,  uniting 

with  the  correspond- 

ing  members  ol  the 

paira    belonging    to 

those  digits.      With 

the  compound  mus- 
des  so   formed    the 

first  and  fourth  inter- 

metacarpal     muscies 

unite  to  form  the  first 

and  fourth  dorsal  in- 
terossei,    these     two 

muscies   being  com- 

posed,     accordingly, 

by  the  fusion  of  three 
primary  muscies. 

The  second  and 
third  intermetacarpal 
muscies  unitewith  the 
radial  and  ulnar  mem- 
bers rc3pectivdy  of 
the  pair  belonging  to 
the  third  digit,  and 
form  with  these  the 
aecond  and  third  dor- 
sal interossei. 

The  remaining 
members  of  the  pairs 
belonging  to  the  first, 
second,  fourth,  and 
fifth  digits  persist  as 
independent  muscies,  forming  what  are  termed  the  volar  interossei,  whose  arrange- 
ment  b  conseqiicntly  complemoniarv  to  that  of  the  dorsal  interossei. 

The  intermetacarpal  muscies  occupy  the  most  dorsal  ])osition  of  ali  the  palmar 
muscies,  and  it  is  prnbablv  owing  to  thcir  participatinn  in  the  forniation  of  the 
dorsal  interossei  that  tln-HC  piKisess  an  almost  dorsal  |>cisition  in  the  hand.  They  are 
clearly,  however,  of  palmar  ori^ln  and  are  supplied  by  pre-a.iial  ner^'es. 
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I,  Interossei  Volares  (Fig.  5S9). 
Attachments. — The  volar  or  palmar  interossei  are  four  slender  muscles 
situatcd  in  the  iiitervaU  betuecn  thc  motacarpal  bones  and  restin^  u{>un  the  in- 
terossei dorsalcs.  The  _/?/■*/  and  second  inuscles,  coutititig  Irom  thc  radial  side,  arise 
froin  the  ulnar  side  of  the  bases  of  the  Arst  and  gccoiid  nieCacarpals,  and  are  inseried 
into  the  uhiar  side  of  the  base  of  the  first  phalanx  and,  in  the  čase  of  the  second 
muscle,  also  into  the  niembranous  expaiision  of  the  lonj^  extensor  tendon  of  the 

Fig.  590. 


isorcsrp'  radiatls  langhn  t( 


•n  nI  hack  nf  luincl. 


coiresponding  digit.  The  third  anii/ourth  nmscles  arisr  Ironi  the  radial  side  of  thc 
fourth  and  lifth  meUcarpals,  and  aru  iitserted  Kimihirly  to  the  second  muscle,  hut 
into  the  radial  sides  of  thc  fourth  and  tifth  di^its. 

Oiilv  thrcr  nalniar  iiit(T<iKM.M  iire  nsunilv  ik-si-rilKi]  liv  I-jiKlisli  anatumisls,  the  muscle  in- 
rliKk-d  inilic  scni-s  liy  tile  ('.(-nnan  schuolasilicfirst  intt;nis.st;us  \m.  interosseus  prituns  volaris) 
l«-mn  n-i;:iriUi!  iis  tht-'  simill  ulnar  he:ul  <>(  Hk-  llfxiir  lin-vis  iMillicis  {|>aei-6o8).  The  inclusioii 
or  Ihis  initsck-  in  llu-  seri«! d  iiiilmar  ink-nissd  is  wiirr;int«ll)y  ils  niiir[>li<il>iKical  relations. 

Nerve-Supply. — Hj-  tho  dei-p  division  of  the  ulnar  nervc  from  thc  etghth 


Action. — To  draw  the  lirst,  second,  ftn 
tint^cr  and  tu  lli:x  thc  lirst  |>])alanx  of  thc  .s.li 


th,  and  lifth  digits  tonardii  the  middk 
C  digits. 
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Variationt. — ^The  first  volar  interosseus  is  the  most  slender  of  the  series  and  is  covered  by 
ihe  oblique  portion  of  the  adductor  pollicis,  vvith  which  it  may  be  practically  incorporated. 
Occasioiially  it  is  so  reduced  in  size  as  to  appear  to  be  wanting. 

2.  Interossei  Dorsales  (Fig.  590). 

Attachments. — The  dorsal  interossei  are  also  four  in  number  and  lie  in  the 
intervals  between  the  metacarpal  bones,  dorsal  to  the  volar  interossei.  Each  is  a 
bipinnate  muscle  arising  from  the  adjacent  surfaces  of  the  metacarpals  which  bound 
the  interspace  in  which  the  muscle  lies.  The  first  and  secofid  muscles,  counting 
from  the  radial  side,  are  inserted  into  the  radial  side  of  the  base  of  the  first  phalanx 
and  into  the  membranous  expansion  of  the  extensor  tendons  of  the  second  and 
third  fingers,  while  the  third  and  fourth  are  inserted  similarly  into  the  ulnar  sides 
of  the  third  and  fourth  fingers. 

Nervc-Supply. — By  the  deep  division  of  the  ulnar  nerve  from  the  eighth 
cervical  and  first  thoracic  nerves. 

Action. — The  first  and  fourth  muscles  draw  the  second  and  fourth  fingers 
away  from  the  third,  while  the  second  and  third  draw  the  third  finger  radially  or 
ulnarly,  as  the  čase  may  be.  AH  the  muscles  f1ex  the  first  phalanx  of  the  digits  to 
which  they  are  attached. 

Variationt. — Occasionally  the  second  dorsal  interosseus  is  inserted  into  the  base  of  the  first 
pha)anx  of  the  uidex-finger,  upon  its  ulnar  side. 

{b)  THE   POST-AXrAL  MUSCLE. 

Normany  no  post-axial  muscles  exist  in  the  human  hand.  Occasionally,  however,  an  ex' 
tensor  drevis  digUorum  manus  is  more  or  less  perfectly  developed.  It  arises  from  the  dorsum 
of  the  carpus,  or  sometimes  from  the  lower  end  of  the  radius  and  ulna,  and  passes  distally  into 
a  varying  number  of  tendons.  Most  frequently  the  muscle  is  small  and  gives  rise  to  but  a  single 
tendon,  which  joins  with  the  tendon  of  the  extensor  digitorum  communis  of  either  the  second 
or  third  digit.  Sometimes  two  tendons  occur,  passing  to  the  second  and  third  digits,  and  more 
rare!y  three  have  been  observed,  passing  to  the  second,  third,  and  fourth  fingers.  In  a  single 
čase  a  fourth  tendon  was  obser\'ed  which  terminated  upon  the  dorsal  sunace  of  the  futh 
metacarpal. 

PRACTICAL   CONSIDERATIONS. 

The  Wri8t  and  Hand. — The  skin  of  the  wrist  and  of  the  back  of  the  hand  is 
thin  and  freely  movable  and  contains  numerous  hair-follicles  and  sebaceous  glands. 
These  structures  are  absent  in  the  palm  and  on  the  palmar  and  lateral  surfaces  of  the 
fingers,  as  well  as  on  the  dorsal  surface  of  the  terminal  phalanges.  Sudoriparous 
glands  are,  on  the  contrary,  relatively  more  numerous  in  the  palms  of  the  hands 
ihan  on  any  other  part  of  the  body  surface. 

These  anatomical  conditions  and  the  existence  of  the  subungual  and  periungual 
spaces  and  irregularities  render  the  sterilization  of  the  hands  for  surgical  purposes 
very  difiScult. 

The  absence  of  hair-follicles  and  of  sebaceous  glands  exp]ains  the  freedom  of 
the  palm  from  the  superficial  furuncular  infections  that  are  so  common  on  the  dorsum. 

In  the  palm  the  subcutaneous  connective  tissue,  like  that  in  the  plantar  region 
and  in  the  scalp  between  the  skin  and  aponeurosis,  is  very  dense.  This  similarity 
has  already  been  alluded  to  ( page  49 1 )  in  relation  to  the  absence  of  hair-follicles  in 
tlie  two  former  regions  and  the  frequency  of  baldness  in  the  latter. 

On  the  dorsal  surface  the  subcutaneous  tissue  is  loose.  As  a  result,  in  whitlow, 
in  palmar  abscess,  in  hemorrhagic  extravasation,  in  oedema  or  cellulitis,  the  sweiling 
is  apt  to  be  much  more  marked  on  the  dorsum  and  may  be  misleading  as  to  the 
real  seat  of  the  trouble.  Abscesses  immediately  beneath  the  palmar  fascia  will 
sometimes  point  in  a  metacarpal  space  on  the  dorsum. 

The  thickness  and  close  adhesion  of  the  skin  to  the  dense  fascia  beneath.  while 
admirably  protccting  the  vessels  and  nerves  of  the  palm  and  enabling  it  to  withstand 
pressure  and  friction,  greatly  increase  the  pain  in  cutaneous  or  subcutaneous  infections. 
On  account  of  this  same  adhesion.  superficial  wounds  of  the  palm  do  not  gape,  and 
heal  readily  if  non-infected  and  kept  at  rest. 
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press  the  soft  tissues ;  while  tlie  ease  with  which  both  veins  and  arteries  niay  be 
ubstnicted  at  tlie  tK'nd  of  the  clbow  should  lead  tu  carcful  avoidance  of  pressure  in 
that  region  froni  the  iipper  end  of  the  palnuir  splint. 

The  prescrvHtiun  of  the  iiiterosseous  spacc  is  favorcd  bv  the  oiiiission  of  the 
prinuirj-  roller  iKuidatje  and  by  the  avoidance  o(  direct  pressure  tipoii  ihe  soft  parts 
by  the  biindage  used  to  retain  the  spliiils. 

THE   MUŠCLES   OF   THE   HAND. 

The  Deep  Fascia  of  the  Hand. — The  deep  f;Lscia  of  the  palmar  surface 
of  the  hand  is  (isuall)'  rejjarded  as  being  represented  by  tht:  pa/mar  aponenrosis,  a 
tirni  shoet  i>f  conaective  lissiie  whieh  ucciipies  the  pahn  of  the  hand  and  hes  imnie- 


H }  ixiitienar  cmiticncc 


diatelv  I>eneath  the  skin.  This  stnicture  represciils.  hoviever.  the  siiperficial  Uver 
of  ;i  ihii-k  a|K>neiin>sis  ivbich  i>c<nrs  in  the  Umer  vertebratis,  receiving  the  insertion 
iif  the  :iiitibrachial  flcMirs  anil  j^ivinp  ori^;in  to  the  di^'it:il  llivnrs.  From  the  proxi- 
inal  [>ortton  of  this  a|Kineiiri>sis  tberc  is  formi  il.  bouvver.  tlie  anterior  annular  Iz- 
meni, anil  Ihisniav  Ih-  ronsidered  as  a  jmrtiun  '<\  ili<-  palmar  ajtoneurosis. 

The  lalter  (  Fij;.  5S7),  oflen  .allid  i\\>.-  /•n/ni.ii-  /uscin.  is  a  fan-shapeil  shert 
whose  ape\  is  dirit-tcd  proximallr,  retcivini;  the  insertinn  of  the  paimaris  lon^us  and 
iK-inj,'  ti>  A  certain  extem  eotitiniions  \iilh  tlie  ;uUerii>r  annular  ligamcnt.      It  rcaches 
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its  greatest  breadth  over  the  distal  portions  of  the  nietacarpals,  and  is  continued 
onward  as  four  more  or  less  distinct  bands,  \vhich  are  inserted  into  the  integuinent  at 
*the  bases  of  the  second,  third,  fourth,  and  fifth  fingers.  A  litde  belo\v  the  lower 
^Kige  of  the  aponeurosis  transverse  bands  of  fascia  ( fasciculi  transversi )  stretch  across 
■■>etween  \he  same  fingers,  lying  immediately  beneath  the  skin  and  being  connected 
-Mo  a  greater  or  less  extent  with  one  another.  These  bands  constitute  the  superjicial 
transverse  nutacarpal  ligamejit  beneath  the  webs  of  the  fingers. 

The  anterior  annular  ligamcnt  (ligamentura  carpi  transversura )  (Fig.  578)  is  a 

^trong  band  which  stretches  across  from  the  trapeziuni  and  scaphoid  lx)nes  of  the 

^zarpus  on  the  radial  side  to  the  pisiform  and  unciforni  bones  on  the  uhiar  side, 

:^orminga  bridge  across  the  groove  on  the  anterior  surface  of  the  carpus  which  trans- 

^mits  the  tendons  of  the  long  f]exors  and  of  the  flexor  carpi  radiahs  and  the  median 

«ner\e.     The  canal  so  formed  is  divided  by  a  partition  into  a  small  radial  compart- 

vnent  through  which  the  flexor  carpi  radialis  passes,  and  a  large  ulnar  one  \vhich 

^^ves  passage  to  the  other  structures  mentioned.      The  tendons  are  enclosed  \vithin 

^vnovial  sacs  which  extend  do\vnward  to  al)out  the  middle  of  the  palm  and  upuard 

'Cro  a  short  distance  above  the  upper  edge  of  the  ligamcnt.     The  sac  which  siirrounds 

"C:he  flexor  longus  poUicis  is  iisually  separate  from  that  \vhich  surrounds  the  remaining 

-t  endons  of  the  ulnar  compartment  ;  occasionally  the  portion  surrounding  the  tendons 

<r3f  the  index-finger  is  also  separate. 

Towards  either  side  of  the  palmar  surface  of  the  hand  the  palmar  fascia  forms  a 
-t  liin  covering  for  thenar  and  hypothc7iar  cminences  formed  by  the  superficial  muscies 
<-^f  the  thumb  and  the  little  finger  respectively.  l'pon  the  dorsal  surface  the  fascia  is 
•C  ^in,  and  is  continued  do\vnward  from  the  lo\ver  border  of  the  posterior  annular 
J  igament  over  the  extensor  tendons  to  the  fingers,  \vhcre  it  unites  \vith  the  aponeu- 
^'Oses  of  the  tendons. 

(a)    THE  PRK-AXIAL  MUSCLES. 

The  pre-axial  muscies  of  the  hand  are  to  be  regarded,  from  the  comparative 
st^nd-point,  as  being  arranged  in  'iw'M  layers.  Although  these  layers  become  con- 
f  used  to  a  certain  extent  in  the  human  hand,  it  \vill,  nevertheless,  aid  in  the  proper 
understanding  of  their  relations  to  group  them  according  to  the  i)rimary  layers  from 
^'hich  they  are  deri  ved. 

{ad)    The  MrscLES  of  the  First  Laver. 

1.  Palmaris  brevis.  4.    Flexor  brevis  pollicis. 

2.  Abductor  pollicis.  5.   Abductor  minimi  digiti.  /) 

3.  Opponens  pollicis.  6.   Opi)onens  minimi  digiti. 

7.   Flexor  brevis  minimi  digiti. 

The  most  superficial  laver  of  the  palmar  muscies  in  the  lo\ver  vertebrates  takes 
*^  *^>rigin  from  the  palmar  aponeurosis.  The  greater  portion  of  the  laver,  as  has 
^«re^^^(ly  been  pointed  out,  becomes  converted  in  the  mammalia  into  the  palmar  por- 
^^'^^  of  the  tendons  of  the  flexor  sublimis  digitorum.  and  it  is  onlv  to\vards  either 
"^^■^lE^in  of  the  hand  that  it  persists  as  muscies,  uhich  show  indications  of  their 
j?"^*'*^arv  relations  in  their  origin  from  the  palmar  aponeurosis  or  the  anterior  annular 
"JT^^^ent. 

I.    Pai.maris  Brkvis  (Fig.   576). 

Attachments. — The  palmaris  brevis  is  a  thin  <|uadrangular  .sheet  \vhich  lies 

^'^^iately  beneath    the   skin    of  the  hyj)()thenar  cminence.      It  arises  from  the 
{.  ^-^imal  portion  of  tht*  ulnar  border  of  the  palmar  a})f)neurosis  and  is  inserted  into 

^   ^kin  of  the  ulnar  border  of  the  hand. 
.t  Ncrvc-Supply. — Hy  the  superficial  divisinn  of  the  ulnar  nerve  fn^m  the  first 

^•"^cic  nerve. 
^t  Action. — To  \vrinkle  the  skin  u|)on  the  ulnar  border  of  the  hand,  deepening 

^   hollow  of  the  hand. 

Vmriations, — The  nuiscle  niav  l)f  j;r<.Mtly  rrcliiot.*cl  in  size  and  is  urcasionalIy  uantinj:^. 


U. 
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2.  Abductor  Pollicis  (Fijj.  577). 

Attachments. — The  abductor  of  thc  thumb  (m.  abductor  pollicis brevis)  is  thc 
most  siiperticial  niuscie  of  the  thenar  ominence.  It  arises  from  llie  anterior  annulai 
li^ainent  and  from  thc  scaphoid  bone  or  thc  trapeziiim  and  passcs  distally,to  he  in- 
serted  along  \vith  thc  flcxor  brcvis  pollicis  into  the  radial  side  of  ihe  base  ot  the  firsi 
phalanx  of  the  thumb  and  into  the  sheath  of  thc  tendon  of  the  cxtcnsor  longus  |X)lHcis. 

Ncrvc-Supply. — Hy  the  median  nervc  from  the  sixth  and  se\-cnth  cervical 
nerves. 

Action. — To  rtex  and  alKJuct  thc  thumb. 

Variations. — The  |)orti<jn  of  the  nuiscle  arisiii};  from  the  carpus  is  sometimes  separate  frofn 
timt  takinj;  orijfin  from  the  traiisverse  carpal  lij?ament.  Slips  are  occasionallv  sent  to  the  abduc- 
tor from  the  extensores  can>i  radiales,  the  exlensor  ossis  metacar|>i  |X)llicis,  the  op|x>nens  pol- 
licis, and  the  flexor  brevis  |K>Ilicis. 

3.    Opponkns  Pollicis  ( Fij^s.   578,  588 ). 

Attachments. — Thc  opponens  pollicis  is  almost  completelv  covered  by  thc 
alxluctor  pollicis.  It  arises  from  thc  anterior  annular  ligament  and  from  the  trape- 
zium,  and  is  inscrhd  into  thc  \vholc  Icn^th  of  the  radial  border  of  the  hrst  metacaq>al. 

Ncrvc-Supply. — Hy  the  median  ncrve  from  the  sixth  and  sevcnth  cervical 
nerves. 

Action. — To  flcx  and  adduct  thc  thumb,  opposinji^  it  to  the  other  fingers. 

4.    Flex()R  Brkvis  Pollicis  (F"igs.   578,  588). 

Attachments. — The  fIexor  brevis  pollicis  lies  along  thc  lower  (ulnar)  border 
of  the  opponens  j)ollicis.  It  arises  from  the  lo\ver  border  of  the  anterior  annular 
ligament  and  is  insertcd,  along  \vith  thc  abductor  pollicis,  into  the  radial  side  of  the 
base  of  thc  first  phalanx  of  thc  thumb. 

The  niuscle  al)ove  descril)etl  is  usually  regarded  by  Knj^Iish  nnatomists  as  representing  th« 
outer  or  radial  head  ot  the  flexor  brevis,  a  second  inner  or  ulnar  head  iK^in^  induded  as  part  oi' 
that  nuiscle.  Conceniinj^  the  inner  head  three  views  are  held  :  {a)  no  inner  head  is  recugniied, 
the  small  slip  arisin^  from  the  uhiar  side  of  the  base  of  the  first  metacarpal  lx)ne  and  i)assin|c 
dounvvard  to  l>e  inserted  uith  llie  adductor  ixillicis  int<j  the  base  of  the  first  phalanx,  unich  !>>' 
manv  Knjjlish  anatomists  is  rejjarded  as  a  small  inner  head  of  the  t^exor  l)revis,  liein^  described 
as  aii  additional  (first)  palmar  interosseus  (ptijje  612)  ;  {b\  the  small  slip  just  noted  is  the  inner 
or  ulnar  head  of  the  tlexor  brevis  ;  (r)  the  small  slip  and  ali  the  fibres  descril)eti  as  formin^  the 
adductor  obliquus  (pa^t^Sio)  are  rej^arded  as  the  inner  head  of  the  flexor  brevis.  The  first 
view,  adopttHl  by  (lennan  anatomists,  is  here  follovved. 

Nerve-Supply.  —  By  the  median  ncrve  from  the  sixth  and  seventh  cervical 

nerves. 

Action. — To  flex  the  first  phalanx  of  the  thumb. 

Variations. — The  muscle  is  sometimes  intimately  connected  \vilh  the  abductor  |x>lhcis  and 
opiMmens  |M)llicis. 

5.    Ahocctor  Minimi  DKiiTi  ^  Fii;.   577). 

Attachments. — The  aMuctor  of  thc  littlc  tinii^cr  <  m.  alNluctor  dii;iti  qaiiit] ) 

orcupics  the  ulnar  l)onl(T  of  the  hand.  It  arises  from  thc  anterior  annular  lij^ament 
an<i  from  thc  pisiform  bone  and  is  itiserted  into  thc  ulnar  side  of  the  base  of  the  first 
j)halanx  of  thc  littlc  finj^cr. 

Nerve-Supply. — My  thc  decj)  division  of  thc  ulnar  ncrve  from  the  eighth  cer- 
vical and  tirst  thoraric  nerves. 

Action.  "To  alnluct  thc  fifth  fmj^cr. 

f^.    Opponkns  Minimi  Dmiiti  ^  Fiij.   578). 

Attachments. — This  muscle  «  m.  opponens  diuiii  (|iiinti  •  is  almost  complctelr 
cnven<l  l)v  thc  abductor  and  short  llc.\<>r  of  the  littlc  liujL^rr.  It  arises  fmm  the 
antrrinr  annular  lit^^anuMU  and  thc  uncinatc  pnu-css  of  tlu*  unciform  lK>ne  and  is  in- 
serted into  the  \vholc  <>f  thc  ulnar  lM)r(lcr  «>f  thc  lifth  metacarpal  l>one. 
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Nerve-Supply. — By  the  deep  divUion  of  the  ulnar  nerve  from  the  eighih  cer- 
vical  and  first  thoracic  nerves. 

Action. — To  i\ex  and  at  the  same  titne  adduct  the  Afth  metacarpal. 

7.    Flexor  Bkevis  Minimi  Digiti  (Figs.  577,  578). 

Attachments. — The   short   flexor  oi  the  little  hnger  (m.  flexor   brevis   digiti 
<]iiinti)  lies  along  the  lateral  (radial)  border  o[  the  abductor  minimi  digiti.     It  arises 


from  the 

and  is  inserh-d  inti)  tlie  (iln;i 


Tienl  and  the  iindnate  process  o(  the  uncinate  bone 

ilc  "f  lile  base  nI  the  first  phaianx  ot  the  httle  finger. 

Nerve-Supply.— Bv  the  deep  division  of  the  ulnar  ner\c  from  the  eighth  cer- 


vicai  and  first  thi 
Action.— To  rti 


VuiationH.— Tlie  fle^ir  l)ri'vis  anil  <i 
bundles  and  may  evcn  1»;  cuni|>kif  [y  tustd. 


:i  slightlv  abfhict  the  first  phalaiix  of  the  little  fingor. 

i|M>nens  minimi  dicili  are  iiftcii  uiiited  by  muscie- 
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{dd)  The  Muscles  of  the  Second  Laver. 

In  the  Iower  vertebrates  the  second  layer  also  arises  from  the  palmar  afK>neu- 
rosis,  but  from  its  deeper  layers.  These,  as  has  been  stated  ( page  597),  diflfcrcntiate 
into  the  palmar  portions  of  the  tendons  of  the  flexor  profundus  digitorum,  and  in 
the  mammalia  the  muscles  retain  thcir  primary  origin  and  arise  from  those  tendons 
form  ing  the  lumbrical  muscles. 

I.     LUMBRICALES    (Fig.   578). 

Attachments. — The  lumbricals  are  four  slender,  band-like  muscles,  situated 
in  the  palm  of  the  hand.  Counting  from  the  radial  side  of  the  hand,  the  /irsf  and 
second  lumbricals  ansr  from  the  radial  side  of  the  riexor  profundus  tendons  to  the 
index  and  middle  fingers  respectively,  while  the  i/iird  one  arises  from  the  adjacent 
sides  of  the  tendons  to  the  middle  and  ring  ftngers,  and  the  fourth  from  those  of  the 
tendons  to  the  ring  and  little  fingers.  The  muscles  pass  distally  into  slender  tendons 
which  are  continued  to  the  radial  side  of  the  first  phalanges  of  the  second,  third, 
fourth,  and  fifth  fingers,  and  are  inserted  into  the  membranous  expansions  of  the 
tendons  of  the  extensor  communis  digitorum  to  those  fingers. 

Ncrvc-Supply. — The  first  and  second  lumbricals  are  supplied  by  the  median 
nerve  from  the  sixth  and  seventh  cervical  nerves  ;  the  ihird  and  fourth  by  the  deep 
division  of  the  ulnar  nerve  from  the  eighth  cervical  and  first  thoracic  ner\'es. 

Action. — To  flex  the  first  phalanges  of  the  second,  third,  fourth,  and  fifth 
fingers.  At  the  same  tirne,  by  their  traction  upon  the  extensor  tendons,  they  will 
tend  to  keep  the  second  and  third  phalanges  extended. 

Vmriations. — \'ariati<)ns  in  the  arranjjenient  of  the  lumbricals,  and  esj>ecially  of  the  thift) 
and  fourth,  are  not  uncomiium.  The  tendon  of  each  of  these  muscles  mav  bifurcate  and  l)e  in- 
serted into  the  adjacent  sides  of  the  third  and  fourth  or  fourth  and  fifth  finji^rs,  and  more 
rarel)^  the  st)le  insertions  inay  be  into  Ihe  ulnar  sides  of  the  first  phalanges  of  the  middle 
and  ring  fingers.  The  third  lumbrical  is  frequently  supplied  u'ho!Iy  or  in  part  from  the  median 
ner\'e. 

(rr)  The  Miscle  of  thk  Third  Laver. 

In  the  lo\ver  vertebrates  the  third  laver  consists  of  muscles  which  arise  from  the 
carpal  and  metacarpal  bonc*s  and  pass  to  each  of  the  digits.  In  the  mammalia  tliey 
become  greatly  reduced  in  number,  frequently  persisting,  however,  in  connection 
\vith  the  thumb,  index,  and  little  fingers,  but  in  man  they  are  represented  onlv  by 
an  adductor  pollicis. 

I.  Adductor  Pollicis  (Figs.  578,  588). 

Attachments. — The  adductor  pollicis  is  a  flat  triangular  muscle  which  resls 
ufx)n  the  metacarpal  bones  and  the  interosseous  muscles.  It  mav  be  regarded  as 
consisting  of  two  i)ortions.  The  portio  obligua  (often  descril^ed  as  a  distinct  muscle, 
the  adductor  obiiguus  pollicis^  arises  from  the  trapezium,  trapezoid,  and  os  magnum 
and  from  the  bases  of  the  second  and  third  metacarpals.  Its  fibres  are  directed  dis- 
tally  and  radially,  and  are  inserted  by  a  tendon,  in  uhich  a  sesamoid  bone  is  usually 
developed.  into  the  ulnar  side  of  the  base  of  the  first  phalanx  of  the  thumb.  It 
also  sends  off  a  slip  which  passc*s  beneath  the  tendon  of  the  flexor  longus  pollicis  to 
be  inserted  into  the  radial  side  of  the  base  of  the  first  phalanx  of  the  thumb  along 
with  the  flexor  brevis  pollicis. 

The  portio  transversa  (often  described  as  the  adductor  transversus  poiiicis) 
arises  from  the  lower  t\vo-thirds  of  the  volar  surface  of  the  third  metacarpal,  and  its 
fibres  p;iss  almost  directlv  radially  to  be  inserted  into  the  ulnar  side  of  the  base  of 
the  first  phalanx  of  the  thumb. 

Ncrvc-Supply. — H  v  the  deep  divLsion  of  the  ulnar  nerve  from  the  eighth 
cervical  and  first  thoracic  nerves. 

Action. — To  adduct  the  thumb. 

Relations. — The  adductor  pollicis  is  covcred  by  the  tendons  of  the  flexor 
profundus  (hgitorum  for  the  second  and  third  fingers  and  by  the  first  and  second 
hmibricals.  It  conceals  the  interosseous  muscles  of  the  two  radial  intermetacarpal 
intrrvals  and  also  the  radial  arter\'  and  the  arteria  princeps  pollicis.  The  dccp 
palmar  arch  passc^  betueen  the  two  portions  of  the  muscle,  near  their  origins. 
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(dd)  The  Musclhs  op  thb  Fourth  and  Fiftk  Lavers. 
I.   Interossei  volares.         2.   Interossei  dorsales. 

In  the  lower  vertebrates  the  musculature  oi  the  fourth  palmar  layer  consists  of 
a  pair  of  muscies  for  each  dtgit,  arising  from  ttie  carpal  and  mctacarpal  bones  and 
inserting  into  either  side  of  the  base  o(  the  first  phalanx.  The  fifth  laycr  lies 
doTBal  to  these,  and  consists  of  four  muscular  bands,  uhich  exiend  slightly  obliquely 
across  the  four  inler- 
metacarpal  spaces.  Fig.  589. 

In  the  mammalia 
a  stiifting  of  the  hi- 
sertion  of  one  of  the 
musdes  of  the  pairs 
belonging  to  the  first 
and  fifth  digits  takes 
plače,  sothattheyare 
attached  to  the  radial 
and  ulnar  sldes  re- 
spectively  of  the  ad- 
jacent  second  and 
fourth  digits,  uniting 
with  the  correspond- 
ing  members  of  the 
paira  belonging  to 
those  digits.  With 
the  compound  mus- 
des so  formed  the 
first  and  fourth  intcr- 
metacarpal  muscies 
unite  to  form  the  first 
and  fourth  dorsal  in- 
terossei, these  two 
muscies  being  com- 
posed,  accordingly, 
by  the  fusion  of  three 
primary  muscies. 

The  second  and 
third  intermetacarpal 
muscies  unitewith  the 
radial  and  ulnarmem- 
bers  respectively  of 
the  pair  belonging  to 
the  third  digit,  and 
(orm  with  these  the 
second  and  third  dor- 
sal interossei. 

The  remaining 
members  of  the  pairs 
belonging  to  the  first, 
second,  fourth,  and 
lifth  digits  persist  as 

independent  muscies,  forming  what  art;  termed  thi 
ment  b  consequcntly  complemenlarv  to  that  of  thi- 

The  intermetacarpal  muscies  occupy  the  most  d<)rsal  gtosition  of  aH  the  palmar 
muscies.  and  it  is  prohabh-  owing  to  their  i)articipation  in  the  formation  of  the 
dorsal  interossei  that  tht^c  |m)SSCss  an  almost  liorsal  position  in  the  liand,  They  are 
clearly,  hoivever,  of  palmar  origin  and  are  supplit-d  by  prc-axial  nerves. 


r  interossei.  v 


L-  arrange- 
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I.  Intekossei  Volares  (Fig.  5S9). 
Attachments. — The  volar  or  palmar  interossei  are  four  slender  muscies 
gituated  in  the  intervals  between  the  metacarpal  bones  and  restin^'  upon  the  in- 
lerossei  dorsales.  Thejirst  and  stcond  muscies.  couniing  from  the  radial  side,  arise 
from  the  ulnar  side  of  thi;  bases  of  the  tirst  and  second  metacarpals,  and  are  inseried 
into  tho  ulnar  side  uf  the  base  of  the  first  phalanx  and,  in  the  čase  oE  the  second 
muscle,  aiso  into  the  inembranous  expansion  of  the  loiig  extensor  tendon  of  the 

Fig.  590. 


corresponding  digit.  The  third  Aaiifoiirih  muscies  arise  from  the  radial  side  of  the 
fourtb  and  fifth  nietiicar]>als,  and  are  inseried  similarly  to  the  second  muscle,  bul 
into  the  radial  sides  of  the  fnurth  and  lifth  di^its. 


On!y  Ihree  [Nilm.ir  intenis.sei  art  usiially  dc-scrilKrd  by  r.iiKlisli  anatumisLs,  the  muscle  in- 
cludeil  in  \\k  senes  hy  Ihc  (itrman  schiml  ns  thefirsi  iiitiTdssfiis  1 7«.  inlerosseus primus  votaris) 
K-inj; rit;ar<lt:J  iis  Ihe  Kniall  ulnar beail  of  lin-  (lexi>r  l>revis  |njl!i»is  (|>aKe6o8).  The  indunon 
of  Ihis  ^lIl!M^le  in  the  series  «f  palmar  mtfnissci  is  »arranted  Itv  its  niiir|jholi)gical  relations. 

Nerve-Supply. — Hy  the  dcej)  division  of  the  ulnar  nerve  from  the  eighth 
cervical  and  tirsi  tlmracic  ncrvrs. 

Actlon.— Tn  rlra\v  the  rirst.  second,  fourth,  and  fiith  digits  tottards  the  middle 
fint-er  and  to  flex  the  tirst  pliaUii\  of  the  i-inie  digits. 
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Variationt. — ^The  first  volar  interosseus  is  the  most  slender  of  the  series  and  is  covered  by 
the  oblique  portion  of  the  adductor  poilicis,  with  which  it  may  be  practically  incorporated. 
€>ccasioiially  it  is  so  reduced  in  size  as  to  appear  to  be  wanting. 

2.  Interossei  Dorsales  (Fig.  590). 

Attachments. — The  dorsal  interossei  are  ako  four  in  number  and  lie  in  the 
intervals  between  the  metacarpal  bones,  dorsal  to  the  volar  interossei.  Each  is  a 
bipinnate  muscle  arising  from  the  adjacent  surfaces  of  the  metacarpals  which  bound 
the  interspace  in  which  the  muscle  lies.  The  first  and  second  muscles,  counting 
from  the  radial  side,  are  inserted  into  the  radia!  side  of  the  base  of  the  first  phalanx 
and  into  the  membranous  expansion  of  the  extensor  tendons  of  the  second  and 
third  fingers,  while  the  third  and  foiirth  are  inserted  similarly  into  the  ulnar  sides 
of  the  third  and  fourth  fingers. 

Nerve-Supply. — By  the  deep  division  of  the  ulnar  nerve  from  the  eighth 
cervical  and  first  thoracic  nerves. 

Action. — The  first  and  fourth  muscles  draw  the  second  and  fourth  fingers 
away  from  the  third,  while  the  second  and  third  draw  the  third  finger  radially  or 
ulnarly,  as  the  čase  may  be.  Ali  the  muscles  f1ex  the  first  phalanx  of  the  digits  to 
which  they  are  attached. 

Vaiimtiont. — Occasionally  the  second  dorsal  interosseus  is  inserted  into  the  base  of  the  first 
phalanx  of  the  index-finger,  upon  its  ulnar  side. 

{b)  THE  POST-AXIAL  MUSCLE. 

Nonnally  no  post-axial  muscles  exist  in  the  human  hand.  Occasionally,  however,  an  ex' 
tensor  Itreids  digUorum  tnanus  is  more  or  less  perfectly  developed.  It  arises  from  the  dorsum 
of  the  carpus»  or  sometimes  from  the  lower  end  of  the  radius  and  ulna,  and  passes  distally  into 
a  varying  number  of  tendons.  Most  frequently  the  muscle  is  small  and  gives  rise  to  but  a  single 
tendon,  which  joins  with  the  tendon  of  the  extensor  digitorum  communis  of  either  the  seccHid 
or  third  digit  Sometimes  two  tendons  occur,  passing  to  the  second  and  third  digits,  and  more 
rarely  three  have  been  observed,  passing  to  the  second,  third,  and  fourth  fingers.  In  a  single 
čase  a  fourth  tendon  was  observed  which  terminated  upon  the  dorsal  sunace  of  the  futh 
metacarpal. 

PRACTICAL   CONSIDERATIONS. 

The  Wri8t  and  Hand. — The  skin  of  the  wrist  and  of  the  back  of  the  hand  is 
thin  and  freely  movable  and  contains  numerous  hair-follicles  and  sebaceous  glands. 
These  stnictures  are  absent  in  the  palm  and  on  the  palmar  and  lateral  surfaces  of  the 
fingers,  as  well  as  on  the  dorsal  surface  of  the  terminal  phalanges.  Sudoriparous 
glands  are,  on  the  contrary,  relatively  more  numerous  in  the  palms  of  the  hands 
than  on  any  other  part  of  the  body  surface. 

These  anatomical  conditions  and  the  existence  of  the  subungual  and  periungual 
spaces  and  irregularities  render  the  sterilization  of  the  hands  for  surgical  purposes 
very  difHcult. 

The  absence  of  hair-follicles  and  of  sebaceous  glands  explains  the  freedom  of 
the  palm  from  the  superficial  furuncular  infections  that  are  so  common  on  the  dorsum. 

In  the  palm  the  subcutaneous  connective  tissue,  like  that  in  the  plantar  region 
and  in  the  scalp  between  the  skin  and  aponeurosis,  is  very  dense.  This  similarity 
has  already  been  alluded  to  (page  491 )  in  relation  to  the  absence  of  hair-follicles  in 
tlie  two  former  regions  and  the  frequency  of  baldness  in  the  latter. 

On  the  dorsal  surface  the  subcutaneous  tissue  is  loose.  As  a  result,  in  whitlow. 
in  palmar  abscess,  in  hemorrhagic  extravasation,  in  oedema  or  cellulitis,  the  swelling 
is  apt  to  be  much  more  marked  on  the  dorsum  and  may  be  misleading  as  to  the 
real  seat  of  the  trouble.  Abscesses  immediately  beneath  the  palmar  fascia  will 
sometimes  point  in  a  metacarpal  space  on  the  dorsum. 

The  thickness  and  close  adhesion  of  the  skin  to  the  dense  fascia  beneath,  while 
admirably  protecting  the  vessels  and  nerves  of  the  palm  and  enabling  it  to  withstand 
pressure  and  friction,  greatly  increase  the  pain  in  cutaneous  or  subcutaneous  infections. 
On  account  of  this  same  adhesion,  suj>erficial  wounds  of  the  palm  do  not  gape,  and 
heal  readily  if  non-infected  and  kept  at  rest. 
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"  It  miist  be  notcd  that  thc  front  of  the  hand.  and  especiallv  the  palm,  is  ttinffu- 
larly  (rcc  frum  siirface  veiiis.  Indeed,  the  great  bulk  of  the  blood  from  tlie  hand  is 
returned  l>y  the  superlicial  veins  on  the  dorsum  of  the  (ingers  and  hand"  (Treves). 

The  iiiiiuilar  linaineiits  al  the  wrist  are  of  importaiice  in  thcir  relation  to  the 
tendons  and  their  sheaths.  The  tendon-shc.iths  ( Fijj.  591 )  which  pass  through  the 
six  conip;irtinents  in  or  iinder  the  posterior  litpiment  be)iavc  as  follovcs.  i.  That 
f<ir  tlie  short  vstensors  and  the  extensor  nf  the  metacariKil  bone  of  the  thumb  runs 
from  the  joint  lx;tHfen  the  lirst  nietacarpal  and  the  tra[K'zi»m  to  a  point  almost  an 
inch  at>o\e  tlie  sty)oid  process  of  thc  radius.      ?.   That  for  the  lon^  and  short  radial 

s  of  the  carpus  runs 


from 
ab<iv 


the  insertions  of  those 
point  a  half  inch 


to  the  tendnn-sheatlis.  the  nattiral  anato 

eno.syn..vitis  fn.m  strain,  from  j-mit,  ..r  fn. 
■v  slicalhs.  on  arrnunt  nf  their  e\iv>siir.-  I. 
■s  nmnected  ivith  theni  ar.'  rdativi-tv  neak 
■  palniar  snrfaic  i>f  ihe  fi)r<ann,       Thiv  : 

Aiiiihon  uf  the  simple  ( non-tiilK-reiilons)  v: 


etheliKantent.  3.  That 
for  tho  c.xtens(ir  lonpMS  pol- 
licis  nms  from  tlie  insertion 
to  the  iipper  border  of  the 
li^mtent.  4.  That  for  the 
e.vtensor  indicis  extends  from 
the  iipper  borderof  the  met- 
acarpus,  and  that  for  the  ex- 
tensor  conimunis  from  the 
niiddle  of  the  metacarpus, 
iKnh  to  the  upper  border  d 
the  lij;ament.  5.  That  for 
the  extensor  minimi  digiti 
runs  from  the  middle  of  the 
metacarpus  ;  and  6.  that  for 
the  uhiar  extensor  of  the  car- 
pus from  the  insertion,  both 
t(j  the  upper  border  of  the 
lijrament. 

Infective  discase  of  the 
dorsiim  of  theurist  and  hand 
is  rare  as  conipared  with  the 
jKilmar  surface.  The  dense 
connective-tissue  fibrca  of  ihe 
palm  run  vertica]ly  dow-n- 
uard  to  the  palmar  fasda 
and  tendon-sheaths.  and  thtis 
eonvey  infeclion  directiv  to 
the  <leeper  parts.  This  layer 
is  often  describcd  as  the  su- 
jHTlicial  [vdmar  fascia.  The 
snbeutancotis  connectivc-tis- 
sue  tibres  on  the  dorsum  r\in 
hiirizontallv,  and  infective  in- 
flammation  is  therefore  more 
likelv  to  remaiii  superfinal 
i\Varren).  K.  however,  it 
d<ies  |H'netrate  and  )^ins 
imitatinns  are  those  indicated 


1  rlieiiniatism  is  es|R-cially  frequent 
\v(t  and  cold,  and  also  bi-cause  the 
ind  are  less  oficn  iise<i  than  those 
e  ihiis  nuire   liable  to  strain  from 

ri(-ty  is  also  freijuent  here.  probaUy 
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One  of  the  most  common  and  most  serious  of  the  sequel£  of  fracture  of  ihe 
lower  cnd  ol  the  radius  is  stifTness  of  the  wrist  and  fingers  from  adhesions  of  these 
extensor  tendons  and  their  sheaths  to  the  bone,  to  each  other,  and  to  the  surrounding 
stnictures. 

It  is  important  to  remember,  as  Treves  has  pointed  out,  that  "the  tendons  do 
not  Ue  free  within  the  sac,  but  are  bound  to  it  by  (olds  of  synoviai  membrane  in 
much  the  same  way  as  the  bowel  is  bound  to  the  abdominal  parietes  by  its  mesen- 
tery  (Fig.  492).  These  folds  may  be  ruptured  in  severe  sprains.  when  the  nutrient 
\'essels  for  the  tendon,  which  are  contained  in  them,  may  be  torn.  Rupture  is  (ol- 
lowed  by  efhision  into  the  sac.  These  folds  are  almost  absent  vtithin  Ihe  digital  sheaths, 
the    slight     ligamenta 

longa  and  brevia,  near  ^'^•-  59^- 

Ihe  insertion  of  the 
tendons,  being  the  šole 
represen  tati  ves.  Sy- 
novial  sacs  are  lined  by 
endothelium,  and  have 
extremely  free  com- 
munication  with  the 
lymphatic  vessels  of 
the  part.  Hence  the 
free  absorption  oi  in- 
fective     matter     (rom 

The  arrangement 
of  the  synovial  sheaths 
beneath  the  anterior 
annular  ligam  e  nt  is 
of  great  practical  im- 
portance  (Fig.  592). 
There  are  two  sacs, 
one  for  the  tendons  of 
the  superlicial  and  the 
deep  flexors  ;  one  for 
the  long  flexor  of  the 
thumb.  They  extend 
upward  to  about  two 
finger-breadths  abo\e 
the  annular  liga  men  t. 
Downward.  that  for 
the  thumb  extends  t 
the  insertion  of  the 
tendon  in  the  terminal 
phalanx  ;  the  divertic- 
ula  for  the  index,  mid- 
dle.  and  ring  fingers 
end  about  the  mid- 
dle  of  the  metacarpal 
bonesi  that  for  the  lit- 
Ue  finger  accompanies 
the  tendon  of  the  deep  fle.-cor  to  its  insertion  in  the  last  phalans.  The  synovial 
sheaths  for  the  digital  portions  of  the  tlexors  for  the  index.  middle.  and  ring  fingers 
extend  upward  only  to  aboiit  the  necks  of  the  corresponding  metacarpal  bones.  They 
are  thus  separated  bv  an  inter\'al  of  (rom  half  an  inch  to  an  inch  from  the  synovial 
sac,  extending  up  under  the  annular  ligamcnt  to  the  (orearm  (Fig.  592). 

It  resulLs  from  this  ihat  infcctions  f  felons,  wounds.  etc.  )  of  the  thumb  or  little 
finger  are  especiallv  apt  to  e.\tend  upwarcl  abo\e  the  wrist  and  invoh'c  the  (orearm. 

Compound  gangHon  { tiiberculous  t  en  o  •sy  novi  tisi  frequently  affects  the  common 
synovial  sac  of  the  fle.\or  tendnns  and  not  infreqiiently  that  of  the  longus  pollicis. 
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n  of  pilmi 


"A 


6i6  HUMAN   ANATOMV. 

The  two  sacs  occasionally  communicate  with  each  other.  On  account  of  the  density 
of  the  annular  ligament,  the  distention  has  a  central  constriction  and  expansions  in 
the  pahn  and  above  the  wrist, — "  hour-glass  shape.'*  These  tendons  also  are  often 
involved  in  fractures  of  the  lo\ver  end  of  the  radius,  although,  on  account  of  the  fact 
that  the  extensors  are  in  closer  relation  to  that  bone  than  is  the  deep  flexor,  and 
that  the  other  flcxors — excepting  the  longus  pollicis — are  stili  farther  separated  from 
it,  limitation  of  their  motion  is  neither  so  frequent  nor  so  marked. 

In  the  palm  of  the  hand  the  thenar  and  hypothenar  eminences  are  covered  in 
by  their  fasciie,  which  separate  them  from  the  central  space  of  the  palm  through 
which  the  fiexor  tendons  run,  and  over  which  is  spread  the  fan-shapcd,  deep  palniar 
fascia,  beginning  at  the  tendon  of  the  palmaris  longus  above,  and  spreading  out  to 
be  divided  belowinto  the  slips  for  the  fingers  (Fig.  587).  Transverse  fibres  unite 
and  strengthen  these  slips,  which  send  fibres  also  to  the  sheaths  of  the  flexor  tendons 
and  to  the  skin. 

It  may  be  noted  here  that  Progressive  miiscular  atrophy  usually  begins  in  the 
hand  muscles,  affecting  first  those  of  the  thenar,  then  those  of  the  hypothenar  emi- 
nence,  and  next  the  interossei.  When  the  latter  are  greatly  wasted  the  hand  assumes 
the  appearance  of  a  bird*s  claw, — ^the  main  en  griffe  (Duchenne). 

Dupuyirefi  s  coniradion  afiects  chiefly  the  digital  prolongations  of  the  palmar 
fascia,  although  it  extends  secondarily  to  the  bundles  of  fibres  uniting  the  skin  and  the 
ap>oneurosis.  It  begins  usually  as  a  dense  thickening  of  the  fascia  near  the  line  of 
the  metacarpo-phalangeal  articulation.  It  extends  in  both  directions,  the  concomitant 
shortening  slowly  drawing  down  first  the  distal  and  then  the  intermediate  phalanx. 
The  skin  becomes  closely  adherent  to  the  contracted  fascia.  The  condition  is  seen 
oftenest  in  hands  subjected  to  frequent-  slight  traumatism,  as  in  laborers,  or  in  those 
of  gouty  or  rheumatic  persons  past  middle  age. 

Beneath  the  flexor  tendons,  and  above  the  interossei,  the  metacarpal  bones,  and 
the  radial  arch,  lies  another  layer  of  fascia  (interosseous)  which  resists  but  feebly 
the  passage  of  pus  towards  the  dorsum  of  the  hand.  It  is  connected  with  the  thenar 
and  hyp>othenar  fasciae. 

Several  varieties  of  palmar  abscess  ha  ve  been  described  (Tillaux)  in  accord- 
ance  with  the  original  site  of  the  infection,  the  spread  of  which  will  be  determined  by 
the  above-mentioned  anatomical  considerations.  {a)  Infection  just  beneath  the 
thick  epidermis  causes  a  superficial  pustule  or  abscess  (subepidermic)  which,  if 
promptly  and  freely  opened,  gives  rise  to  no  difficulty.  (d)  Infection  beneath  the 
skin  (subdermic)  is  attended  by  more  pain,  and,  if  neglected,  may  penetrate  the 
aponeurosis  ;  but  it  is  separated  by  that  structure  from  the  synovial  sheaths  and 
cavities  ;  it  may  be  widely  opened  with  no  reference  to  the  latter  or  to  vessels  ;  it  b 
accompanied  by  little  or  no  swelling  on  the  dorsum  ;  it  has  no  tendency  to  extend  up 
to  the  wrist ;  movements  of  the  fingers  are  not  very  painful.  ( r )  Subdermic  infec- 
tion beginning  in  the  spaces  just  above  the  interdigital  clefts  (/>.,  beti^-een  the 
digital  slips  of  the  palmar  fascia)  may  extend  by  continuity  of  connective  tissue  very 
rapidlv  to  the  dorsum  of  the  hand,  which  may  then  appear  to  be  the  chief  seat  of  the 
infection  ;  the  symptoms  are  relatively  mild,  as  the  toxic  exudate  is  not  under  great 
pressure.  {d)  Subaponeurotic  infection  —  true  palmar  abscess  —  is  excessively 
painful,  extends  rapitlly  to  the  dorsum  by  perforating  the  interosseous  fascia,  and 
often  to  the  front  of  the  wrist  and  forearm  by  follouing  up  the  flexor  tendons  ;  move- 
ments of  the  fingers  are  painful  ;  the  dorso-palmar  diameter  of  the  hand  is  vastly 
increase<l  ;  the  constitutional  svmptoms  are  often  marked. 

Such  al>scess  mav  also  point  just  above  the  interdigital  webs  or  near  the  ulnar  or 
radial  lK)rders  nf  the  hand.  Eliirlv  incision  is  imperati\'e  and,  if  made  over  the  line  of 
a  metacarpal  bone  and  limited  in  an  up\vard  direction  hy  a  transverse  line  corresf)ond- 
ing  to  that  of  the  web  of  the  hillv  extended  thumh  (to  avoid  the  digital  vessels  and 
palmar  arches  ),  mav  hv  made  freelv.  Above  the  \vrist  the  region  of  safetv  is  just  to 
thf  ulnar  side  of  the  palmaris  longns. 

( )n  the  fingers  the  skin  resemhles  in  its  characteristics  that  of  the  hand.  On  the 
palmar  surfacf  iA  the  first  and  sccond  i)halanges  the  skin  and  the  suhcutaneous  fat  are 
o»nnectcil  with  the  dense  fibrous  sheath  of  the  flexor  tendons  hy  vertical  connective- 
llssue  fibres,  and  at  the  level  of  the  joints — where  the  sheaths  are  lax  and  thinner — 
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by  vessels  which  penetrate  the  sheath  to  supply  tlie  tendons.      Over  the  last  phabnx 

the  fibro-iatty  subcutaneous  layer — the  "  pulp"  of  the  iinger — lics  directly  upon  the 

periosteum. 

Infection  of  the  dorsum  of  a  finger  often  originales  ncar  or  alx)Ut  the  root  of  a  nail 

(onychia)  and  tnay  involve  the  matrix  of  the  laiter.      It  is  not  under  much  pressure, 

and   is  thereiore   not   usually 

sertous,  although  throiigh  the 

veins  and  tymphatics  it  may 

exceptionally  extend    rapidly 

up  the  arm. 

Iniection  of   the  palmar 

suriace  of  a  finger  ( panaritium, 

paronychia.  whitlow,  felon)  is 

trf    two    chief    varieties  :    (a) 

subcutaneous.    in    vvhich    the 

syniptoms  are  at  first  limited 

to  the  seat  of  infection  and  are 

superficial,  aJthough,  as  it  is  a 

trne  cellulitis,    they   may  ex- 

tend  to  the  dorsum  or  towards 

the  palm  ;  and  {b)  thecal,  with 

more  severe  pain,  greater  lim- 

■tation  of   flexion,  and    more 

rapid  extension  upward. 

If  the  felon  involves  the 

distal  portion  of  the  Iinger,  the  close  relation  of  the  "  pulp"  and  the  periosteum  of 

the  last  phalanx  niakes  necrosis  of  that  bone  frequent.  although  its  upper  part  usua]ly 

escapes  because  (a)  it  is  an  epiphysis  ;  {b)  the  insertion  of  the  lendon  of  the  deep 

flexor  probably  keeps  up  its  blood-supply  (Treves). 

The  absence  of  the  tendon-sheath  over  the  body  and  tip  of  the  last  phalanx  pre- 

vents  the  conversion  of  the  subcutaneous  into  the  thecal  variety,  uniess  the  infection 

extends  upward  as  far  as  the  base  of  the  phalanx. 

El9ewhere  the  thecal  variety  often  results  from  extension  from  a  subcutaneous 

focus  by  the  vertical  connective-tissue  tibres  and  the  \essels  already  mentioned.    The 

interphafangeal  joints  are  often  afiected  fjecause  it  is  opposite  them   that  (a)  the 
tendon-slieaths    are    thinnest    and 
Fig.  594.  (i)  the  vessels  enter.      In  infection 

of  the  tendon-sheaths  of  the  index, 
middle,  and  ringlingers  the  upward 
extciision  is  arrested.  at  least  for 
a  tirne,  alx>ut  opposite  the  necks 
of  the  metacarpal  fxines.  If  the 
thumb  or  little  finger  is  involved, 
the  infection  is  likelv  to  spread  to 
a  highcr  level  fpage  615). 

The  so-called  "  subcuticular" 
felon  is  a  superlicial  pustiile,  \vhile 
the  "  siibperiiisteal"  felon  may 
eithtr  result  from  cxtcnsi<)n  of  the 
foregoing  varieties  or  mav  Im.*  origi- 
nallv  an  infective  osteo-periostitis 
or  osteo-myelitis. 

i>ii>Kttii>ii  shuuini;  i>"^'ii<"i  <'i  h^ri.-~  m  <ii~]n,aiim<.[  thuml'.  In    ri'lation    tO  amputation  of 

the  finger  it  mav  bf  nnled  that  the 

insertion  of  the  fii'xor  suhlimis  ternhn  into  the  sides  of '  the  second  phalanx  rendt-rs 

amputation  at  thf  mrtacarpo-phalangi-al  joint  "ften  more  satisfactory  in  its  results 

than  one  done  through  the  first  phalans  or  tirst  intfrphalangeiil  joint.  ' 

Dislocation  of  thf  lirst  [ihalanx  of  the  thumb  upon  the  dorsum  of  its  metacarpal 

bone  requires  special  mentiun  on  account  of  the  dititicultv  of  reduction.      It  has  been 
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attributed  (a)  to  the  gripping  of  the  neck  of  the  metacarpal  lx>ne  between  the 
flexor  brevis  pollicis  and  the  oblique  portion  of  the  adductor  pollicis  (these  often 
being  considered  as  the  two  heads  of  the  flexor  brevis  pollicis)  ;  (d)  to  a  similar 
entanglement  of  the  head  and  neck  in  the  slit  in  the  capsule  ;  (c)  to  the  windin^  of 
the  tendon  of  the  flexor  longus  pollicis  around  the  neck  of  the  bone  ;  and  (d)  to 
the  interposition  of  the  ^leno-sesamoid  plate.  Of  these  theories  the  last  two  secm 
to  ofifer  the  most  satisfactory  explanation  of  the  difficulties  met  with  in  attempts  at 
replacement. 

The  Surface  Landmarks  of  the  Upper  Extremity. — Theaxilla  (pajj;e574) 
is  very  distinctlv  lK)imdedanteriorly  by  the  lower  border  of  the  pectoralis  major,  which 
rims  in  the  line  of  the  lifth  rib  from  the  sixth  costal  cartilage  to  the  external  bicipital 
ridge  ;  posteriorly  by  the  lower  ed^e  of  the  latissiums  dorsi  and  teres  major,  extend- 
ing  to  the  bicipital  j^roove.  The  shape  of  the  axillary  fossa  varies  with  the  position 
of  the  arm,  becominji;  deeper  \vhen  the  arm  is  raised  at  a  right  angle  to  the  trunk  or 
when  the  great  j)ectoral  and  latissimus  are  contracted.  \Vith  the  arm  stili  farther 
elevated,  the  depth  of  the  space  decreases  as  traction  on  those  muscles  approximates 
the  axillary  borders  and  the  humeral  head  enters  and  partly  oblitenites  the  cavity. 
With  the  arm  close  to  the  thorax,  the  third  rib  mav  be  reached  by  the  exploring 
finger.  The  concavity  of  the  space  is  lessened  or  effaced  by  glandular  tumors,  effu- 
sions  of  blood,  or  collections  of  pus  (page  582).  In  opening  an  axillary  abscess  it 
shoiild  be  remembered  that  the  inner  or  thoracic  wall  is  the  direction  of  safety  so  far 
as  the  great  vessels  are  concerned. 

In  the  region  of  the  shoulder  the  rounded  surface  is  produced  by  the  thick 
deltoid  muscle  spread  over  the  greater  tuberositv  of  the  humerus.  It  is  fuller  anteri* 
orly  than  posteri()rly,  partlv  on  account  of  the  presence  of  the  lesser  tubcrosity  in 
the  former  position,  hut  chieflv  because  the  hinder  portion  of  the  muscle  is  thinner 
than  the  fore  part  and  because  of  its  close  attachment  to  the  infraspinatus  fascia  and 
muscle.  The  greatest  width  of  the  shoulders  does  not  correspond  to  the  points  at 
\vhich  the  deltoid  muscles  overlap  the  head  of  the  humerus,  but  is  at  the  level  of  the 
lower  border  of  the  anterior  axillary  fold, — i.e.,  on  the  level  of  the  point  at  which 
the  various  bundles  of  deltoid  fibres  are  gathered  together  to  pass  to  their  insertion 
(Thomson).  The  bony  points  in  this  region  have  lx*en  described  (pages  270,  279, 
280).  The  anterior  l>order  of  the  deltoid  presents  a  rounded  eminence  bounded 
internally  above  by  the  infracla\icular  fossa  {vide  hifra)  and  below  by  the  doselv 
applied  outer  margin  of  the  pectoralis  major.  In  the  shallow  groove  between  these 
two  muscles  the  cephalic  vein  and  a  branch  of  the  acromio- thoracic  artery  are  to  be 
found.  Just  external  to  the  groove  under  the  inner  fibres  of  the  deltoid  is  the  cora- 
coid  process  (page  255).  The  infraclavicular  fossa  is  the  triangular  inter\'al  bounded 
by  the  outer  fibres  of  the  pectoralis  major  internallv,  the  inner  fibres  of  the  deltoid 
externalK\  and  the  clavicle  above.  The  surface  deprc*ssion  known  by  this  name  mav 
be  much  larger  than  this  intermuscular  interval,  and  may  almost  correspond  in  extent 
to  the  roof  of  the  superficial  infraclavicular  triangle  (  p«ige  581 ).  It  is  not  very  marked 
in  muscular  subjects.  It  is  effaced — ouing  to  tension  of  fascia  and  muscles — in  sub- 
coracoid  luxation  of  the  humerus,  or  in  fracture  of  the  clavicle  with  marked  displace- 
ment  of  the  fragments.  It  may  be  converted  into  a  rounded  elevation  by  glandular 
growths  extending  upward  from  the  axilla,  or  by  the  head  of  the  humerus  in  intra- 
coracoid  ( infraclavicular)  luxation.  At  the  bottom  of  this  fossa,  just  within  the  cora- 
coid  process, — />..  not  far  from  the  middle  of  the  clavicle, — the  first  p>ortion  of  the 
axillary  artery  may  l)e  compressed  against  the  second  rib  by  pressure  directed  back- 
uard  and  a  little  in\vard,  the  patient  lK'ing  supine. 

The  posterior  lK)rder  of  the  deltoid  alK)ve  is  tendinous,  is  closely  attached  to 
the  infrasi)inatus  muscle  beneath  it,  and  is  scarcely  discernible.  Below  it  is  thicker 
and  presents  a  \vell-marked  rounded  eminence  which  inclines  from  behind  forward  to 
meet  the  anterior  border  at  the  middle  of  the  outer  side  of  the  arm,  uhere  a  distinct 
deprt»ssion  iiidirates  ihe  insertion  of  the  deltoid  ( Fig.  595  ).  This  depression  is  a  valu- 
able  practical  landmark  for  the  reasons  that  :  (  i  )  It  corresponds  to  the  middle  of  the 
shaft  of  thf  hunu-rus,  uhere  the  tvvo  curves  of  the  bone  unite  and  where  the  cvHn- 
drical  joins  the  prismatic  part  of  the  shaft,  which  is  there  smallest,  hardest,  and  least 
eljistic  ( pagr  272),  and  hence  is  most  frequently  broken.    (  2)  It  indicates  the  region 
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of  insertion  of  the  deltoid  and  coraco-brachialis,  and  embraces  part  of  the  orij^in 
of  the  brachialis  anticus  and  internal  head  of  the  triceps,  and  is  therefore,  and  on 
account  of  the  intimate  attachment  of  the  periosteuni  (page  272),  a  not  uncommon 
seat  of  exostoses.  (3)  The  region  is — by  reason  of  the  close  relation  of  these  mus- 
cles  to  the  bone — a  frequent  seat  of  ununited  fracture  (page  273).  (4)  The  nutrient 
artery  enters  the  bone  and  the  superior  profunda  artery  and  musculo-spiral  nerve 
wind  around  its  posterior  surface  at  that  Icvel,  at  which  aiso  the  lesser  internal  cuta- 
neous  nerve  and  the  basilic  vein  penetrate  the  deep  fascia,  the  median  nerve  crosses 
the  brachial  artery,  and  the  ulnar  nerve  leaves  it. 

On  the  outer  surface  of  the  arm  beIow  the  insertion  of  the  deltoid  can  be  seen 
the  shallow  furrow  (Fig.  596)  betvveen  the  outer  head  of  the  triceps  and  the  brachio- 
radialis  which  indicates  the  position  of  the  external  intermuscular  septum  and  of  the 
«xternal  supracondyloid  ridge  (page  273)  . 

On  the  posterior  surface  of  the  arm  the  three  heads  of  the  triceps  can  be  seen 
i*'hen  the  forearm  is  strongly  extended  (Fig.  596).  The  outer  head  makes  a  distinct 
prominence  just  beneath  the  posterior  border  of  the  deltoid ;  the  inner  head 
is  less  distinct  ;  the  long  head  comes  into  view  where  it  descends  from  between  the 
"two  teres  muscles,  and  lower  in  the  arm — where  it  has  become  tendinous — is  indi- 
<:ated  by  a  broad,  shallow  depression  ending  at  the  olecranon.  The  long  and  outer 
lieads  cover  the  musculo-spiral  nerve  and  superior  profunda  artery  from  just  beneath 
the  posterior  axillary  fold  to  the  point  where  they  perforate  the  external  septum. 

On  the  anterior  and  inner  surfaces  of  the  arm  the  rounded  svvell  of  ihc  biceps 
and  the  external  and  internal  bicipital  furrovvs  are  the  most  important  landmarks. 


Fig.  595. 
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The  elevation  of  the  biceps  shades  of!  superiorly  into  the  narro\ver  and  less  distinct 
prominence  of  the  coraco-brachialis  where  it  comes  into  vievv  below  and  beneath  the 
anterior  axi]lary  fold.  Inferiorly  it  narrows  externaily  and  mcrges  into  the  biceps 
tendon,  easily  seen  passing  into  the  forearm  in  the  deep  interval  bctween  the  rounded 
supinator  and  extensor  mass  on  the  radial  sidc  and  the  pronator  and  flexor  mass  on 
the  ulnar  side  (Fig.  595).  Internallv  the  broader  fiat  slip  of  bicipital  fascia — the 
inner  tendon — may  be  seen  \vith  its  sharp  upper  edge  \vhen  the  forearm  is  semi- 
flexed  and  the  biceps  is  in  strong  action.  The  outer  bicipital  furrow  indicates  the  posi- 
tion of  the  subcutaneous  cephalic  vein.  The  inner  and  deeper  furrow  marks  the 
lineof  the  basilic  vein  (subcutaneous  in  its  lo\ver  half,  then  subfascial),  of  the  median 
nerve  and  the  brachial  vessels,  and  in  its  upper  half  of  the  ulnar  nerve.  To  the  outer 
side  of  the  outer  furro\v  from  above  downward  lie  the  deltoid,  the  outer  head  of  the 
triceps,  the  outer  portion  of  the  brachialis  anticus  and  the  brachio-radialis,  and  the 
common  extensor  mass  (  Fig.  596 ).  To  the  inner  side  of  the  inner  furrow  are  seen  the 
coraco-brachialis,  the  long  head  and  then  the  inner  head  of  the  triceps,  the  brachialis 
anticus,  and  the  pronat()-flexor  mass. 

At  the  bend  of  the  eUx)w  anteriorly  the  subcutaneous  veins  are  often  visible. 
Their  arrangement  is  sufficicntiv  descrilx?d  and  figured  clseuhere  (page  892, 
Fig.  764).  The  bicipital  fascia  passes  between  the  median  biisilic  vein  and  brachial 
artcry,  and,  by  springing  from  the  inner  edge  of  the  biceps  tendon,  makes  that  edge 
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less  distinct  to  both  sight  and  touch  than  the  outer  edge.     Just  uithin  the  inner 
edj^e  is  ihe  brachial  artery  and  farther  in  the  median  nerve. 

The  fold  of  the  elbo\v  is  a  transversc  crease  in  the  skin,  seen  in  flexion,  convex 
do\vn\vard,  and  running  from  the  tip  of  one  condyle  to  the  tip  of  the  other.  It  lies 
alx)ve  the  Hne  of  the  elbovv-joint.  In  dislocation  of  the  radius  and  ulna  backward 
the  lo\ver  end  of  the  humerus  is  below  this  crease  ;  in  fracture  of  the  hinnerus  above 
the  condyIes  the  lo\ver  end  of  the  upper  fragment  is  either  on  a  line  with  or  above 
the  crease.  This  relation  \vill  not  be  demonstrable  in  the  presence  of  much  swelling, 
as  this  fold  is  then  obHterated. 

On  the  front  of  the  forearm,  below  the  apex  of  the  triangular  space  resultinji^  {rom 
the  convergence  of  the  two  muscular  masses  descending  from  the  condylar  regions, 
there  are  no  salient  surface  landmarks,  and  none  of  great  practical  importance  until 
the  wrist  is  reachcd.  Many  of  those  of  that  region  and  of  the  hand  have  been  de- 
scribed  (pages  228,  229,  230,  320).  It  should,  however,  he  noted  that,  instead  of 
being  fiattened  from  before  backvvard  and  vvidest  from  side  to  side  as  when  in  the 
supine  position,  the  forearm  when  the  hand  is  pronated  becomes  rounded  and  its 
antero-posterior  sHghtly  exceeds  its  lateral  thickness  (Thomson).  This  is  due  to 
the  fact  that  the  tendons  of  the  supinator  and  extensor  masses  are  held  in  grooves 
in  the  lower  end  of  the  radius  by  the  posterior  annular  lij^ament,  and  are  thus 
ried  to\vards  the  ulna  \vhen  the  radius  moves  in  that  direction. 


Fig.  596. 
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Of  the  two  transverse  furrovvs  on  the  flexor  surface  of  the  wrist  the  lower  is  the 
more  marked.  It  is  almost  three-quarters  of  an  inch  belovv  the  summit  of  the  upward 
curve  of  the  wrist-joint,  is  on  the  line  of  the  intercarpal  joint  and  of  the  upi)er  border 
of  the  anterior  annular  ligament,  and  is  about  a  half-inch  above  the  carpo-metacarpal 
joint.  At  the  wrist  the  palmaris  tendon — \vhen  present — is  made  prominent  by 
extending  the  digits,  slightly  flexing  the  wrist,  and  closely  approximating  the  thenar 
and  hypothenar  eminences.  To  its  radial  side  from  \vithin  outuard  He  the  median 
nerve,  the  tendon  of  the  flexor  carpi  radial  is,  and  the  radial  arter}'.  To  its  ulnar 
side  lie  tirst  the  rounded  elevation  made  bv  the  flexor  sublimis  tendons,  then  the  ulnar 
arterv,  and  then  the  flex(»r  carpi  ulnaris  tendon,  made  easily  palpable,  although  not 
verv  prominent,  by  strong  flexion  of  the  \vrist  and  little  finger. 

On  the  jMJSlero-Iateral  aspect  of  the  forearm  mav  be  seen  : 

1.  The  elevation  of  the  anconeus,  trianj^ilar  in  shajie,  to  the  radial  side  of  the 
|x»sterinr  su!>culane(>us  surface  of  the  olecranon  and  sep.'irated  from  the  common 
extensor  nia>s  bv  a  Nvell-defined  depression.  This  muscle  and  the  expansion  of  the 
triceps  trndon  that  covers  it  are  of  great  value  in  the  m(»vement  of  extension  of  the 
f«»rearni  after  (•xcision  of  the  ell)ovv. 

2.  Tlu"  curvfd  border  of  the  ulna  fsubcutaneous  in  supination),  at  the  bottom 
of  th<*  ulnar  furro7i\  bctueen  the  riexor  carpi  ulnaris  and  the  common  extensor 
group.  is  rasi) v  accrssible  for  exanu'nation  through  its  \vhole  length  (page  289  K 

3.  The  verv  impr)rtart  tlepn-ssion  just  1h*1o\v  the  externaJ  condyle  and  exter* 
nal  to  the  olecranon  has  lH.'en  described  (page  296). 
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4.  The  oblique  elevation  beginning  at  the  lovver  third  of  the  forearm  in  the 
interval  left  by  the  divergence  of  the  supinator  and  the  common  extensor  muscles, 
and  running  downward  and  outward,  to  be  lost  on  the  posterior  surface  of  the 
thumb,  represents  the  extensors  of  the  thumb  crossing  over  the  tendons  of  the 
extensores  carpi  radialis  longior  and  brevior  to  their  points  of  insertion  (Fig.  582). 

5.  The  bony  points  to  be  seen  and  felt  at  the  elbow  and  wrist  have  been  de- 
scribed  in  their  practical  relations  in  connection  with  the  bones  and  joints  (pages 
287,  296,  308,  320,  330).  The  tendon  most  easily  identified  on  the  dorsuni  of  the 
wrist  is  that  of  the  extensor  longus  pollicis  when  the  thumb  is  strongly  extended  and 
abducted.  It  is  the  posterior  or  inner  boundary  of  the  hollow  at  the  base  of  the 
thumb  {vide  infra),  and  its  groove  in  the  lovver  end  of  the  radius  is  about  the  middle 
of  the  posterior  surface  and  just  to  the  ulnar  side  of  the  prominent  middle  thecal 
tubercle, — ^a  useful  landmark  (page  296).  The  tendon,  just  before  it  reaches  the 
radius,  corresponds  approximately  to  the  scapho-semilunar  joint. 

The  surface  markings  of  the  palm  of  the  hand  are  often  valuable  landmarks. 
The  most  important  are  :  ( i )  The  triangle  called  the  '  *  hollow  of  the  hand, ' '  the 
**  cup  of  the  palm,"  etc,  the  base  of  which  corresponds  to  the  three  elevations  oppo- 
site  the  interdigital  clefts, — formed  by  protrusion  of  fat  betueen  the  flexor  tendons 
snd  the  digital  slips  of  the  palmar  fascia  and  by  the  distal  extremities  of  the  lumbri- 
<:ales, — ^and  seen  best  when  the  metacarpo-phalangeal  joints  are  extended  and  the 
interphalangeal  joints  are  flexed.  The  sides  of  the  triangle  are  formed  by  the  thenar 
and  hypothenar  eminences.  Over  this  palmar  hollovv*  the  intimate  connection  of  the 
skin  and  fascia  is  of  practical  importance  (page  613).  (2)  The  chief  cutaneous 
<nreases  (Fig.  597)  are  four  in  number  :  (a)  from  just  above  the  apex  of  the  palmar 
^iangle  to  the  radial  side  of  the  hand  above  the  base  of  the  index-finger  ;  {b)  from 
the  lower  end  of  a  to  a  point  a  little  above  the  middle  of  the  ulnar  border  of  the  palm, 
^which  it  does  not  quite  reach  ;  {c)  from  about  the  junction  of  the  lower  fourth 
^th  the  upper  three-fourths  of  the  ulnar  border  of  the  palm  to  a  point  a  little  above 
the  deft  between  the  index  and  middle  fingers  ;  {d)  from  b  to  r,  often  extending 
tipward  towards  the  \vrist  and  down\vard  towards  the  base  of  the  middle  finger. 
«1  and  d  are  longitudinal,  the  former  being  caused  by  adduction  of  the  first  meta- 
<:arpal,  the  latter  by  adduction  of  the  fifth  metacarpal  bone,  both  movements  being 
towards  the  mid-line  of  the  hand  ;  b  and  c  are  transverse,  and  are  produced  chiefly 
\>y  flexion  {b)  of  the  first  and  second  (r)  of  the  three  inner  metacarpo-phalangeal 
joints. 

a  represents  the  inner  border  of  the  thenar  eminence  and  therefore,  approxi- 
aiiately,  of  the  outer  group  of  the  short  muscles  of  the  thumb  and  the  inner  margin  of 
the  fascia  inter\'ening  between  them  and  the  palmar  space  through  which  run  the 
flexor  tendons.  It  intersects  the  deep  p>almar  arch  at  about  the  highest  point  where 
it  crosses  the  metacarpal  bone  of  the  middle  finger. 

by  at  the  centre  of  the  palm,  where  it  is  intersected  by  d,  crosses  the  same 
metacarpal  bone  a  line  or  t\vo  below, — i.e.,  nearer  the  fingers  than  the  superficial 
palmar  arch,  which  runs  about  on  a  cur\'ed  line  from  the  lower  border  of  the  thumb, 
vhen  it  is  at  right  angles  to  the  hand,  to  the  pisiform  bone.  The  deep  palmar  arch 
is  from  a  quarter  to  a  half  an  inch  nearer  the  wrist. 

C  represents  the  upper  limits  of  the  synovial  sheaths  of  the  flexor  tendons  of 
the  index,  middle,  and  ring  fingers,  is  a  little  above  the  division  of  the  palmar  fascia 
into  the  digital  slips  and  the  hifurcation  of  the  digital  arteries,  crosses  the  necks  of 
the  three  inner  metacarpal  bones,  and  is  as  much  al)ove  the  corresponding  meta- 
carpo-phalangeal joints  as  thev  are  above  the  \vebs  ofthe  fingers. 

d,  at  its  upper  portion,  irrcgularlv  outlines  the  outer  border  of  the  hvpoth- 
enar  eminence, — /.r. ,  of  the  short  muscles  of  the  little  finger  and  of  the  fascia  sepa- 
rating  them  from  the  central  space  of  the  palm, — but  it  is  the  most  irregular  and 
unimf>ortant  of  these  crcases.  The  transverse  folds  on  the  ]xilmar  surfaces  of  the 
fingers  correspond,  the  highest  to  the  \veh  of  the  fingers, — i.t\,  from  one-half  to  three- 
quarters  of  an  inch  1k-1o\v  tlu*  metacarpo-phalangeal  joint, — the  middle  to  the  proxi- 
mal  interphalangeal  joint,  and  tlu*  louest  to  a  line  a  little  above  the  distal  interpha- 
langeal joint.  On  tlu-  thunih  the  line  of  the  radial  side  of  the  index-finger,  if 
continued  upward,  almost  coincides  \vith  the  higher  of  the  creases,  \vhich  crosses  the 
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metacarpo-phalangeal  joint  obltquely.  The  lowcr  crease  corresponds  to  tb 
phalangeal  joint.  The  papillary  ridges  of  Che  skin  covering  the  terminal  ph 
assume  vaHed  oirves  and  form  patterns, — immutable  and  charactertstic  in  ti 
vidual, — impressions  oi  which  have  been  used  of  late  years  for  purposes  of  idi 
tion  of  criminals. 

On  the  dorsum  of  the  hand  the  holloVv  at  the  base  of  the  thumb  (the  si 
"snuff-box")  is  bounded  externally  (radial1y)  by  the  tendon  of  the  extensoi 

Fin.  597. 


nK'tnraq>al  bone  of  the  thttml>  and  the  short  extensiir,  and  intemHlly  by  the  te 
tlie  long  cxtonsor  '  Fijj.  5S2I.  The  ra<lial  arlerv,  a  largt  vein, — cephalic 
the  thtnnhi  (TrevesJ, — and  the  imier  divUkin  of  ihe  ra<lial  nt-rvu  cross  this 
Iteneath  it  are  thi-  scaphold  and  trapt.-zitim  and  the  artinilation  i>etw'een  th 
an<]  the  first  metnoarpal  Imne. 

The  alKhictiir  iiidi<.is  niiiscle  maki-s  a  distinct  fii.sifunn  jiroininence  wl 
thtimh  is  addiictcd.  Tlie  tcn<l(iiis  of  the  cnnimiin  cstcnsiir  and  of  the  extenso 
littlc  lingcr  anil  the  sHp  cimnectin^  th<-ni  niav  Ik.-  S(i-n. 

It  shonld  Ik-  ri-inemlxT(,-d  that  the  ■■  kmickli-s"  Lirt.'  at  each  joint,  thi 
(-xtrcmities  of  the  proxima)  lxincs  entcrin^  into  the  articiilaticm. 
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THE  MUSCLES  OF  THE  LOWER  LIMB. 

In  describing  the  muscles  of  the  lower  limb  a  classification  similar  to  that  which 
was  employecl  for  the  upper  limb  muscles  will  be  followed.  Owing,  however,  to  the 
firm  articulation  of  the  innominate  bones  to  the  sacrum,  the  muscles  extending 
between  the  axial  skeleton  and  the  pelvic  girdle  are  greatly  reduced,  and  those 
(such  as  the  psoas)  which  might  be  included  in  this  group  are  continued  to  the 
femur,  and  for  present  purposes  are  more  conveniently  grouped  with  the  muscles 
extending  from  the  girdle  to  the  femur. 

There  is  also,  in  the  lower  limb,  a  greater  number  of  muscles  passing  over  two 
joints  ;  indeed,  many  of  the  muscles  uhich  are  inserted  into  the  upper  portions  of 
the  leg  bones  take  their  origin  from  the  pelvic  girdle.  Most  of  these  seem  to  be, 
primarily,  members  of  the  femoral  group  of  muscles  and  will  be  so  classificd  in  the 
succeeding  pages,  but  one  (the  gracilis),  at  least,  appears  to  bclong  to  the  group 
€Xtending  from  the  girdle  to  the  femur. 

THE   MUSCLES   EXTENDING   FROM   THE   PELVIC   GIRDLE 

TO  THE  FEMUR. 

(a)  THE   PRE-AXIAL  MUSCLES. 

1.  Psoas  magnus.  6.  Adductor  brevis. 

2.  Iliacus.  7.  Adductor  magnus. 

3.  Pectineus.  8.  Quadratus  femoris.  v/ 

4.  Gracilis.  9.  Obturator  externus. 

5.  Adductor  longus.  10.  Obturator  internus. 

II.   Gemelli.         "  "  - 


I.    Psoas  Magnus  (Fig.  598). 

Attachments. — This  muscle  (m.  psoas  major)  arises  from  the  sides  of  the 
"bodies  of  the  twelfth  thoracic  and  ali  the  lumbar  vertebrae  and  from  the  transvcrse 
processes  of  the  lumbar  vertebrae.  Its  fibres  pass  directly  down\vard  and  slightly 
fonvard  over  the  supcrior  ramus  of  the  pubis  and  are  inseried  by  a  tendon,  in  com- 
non  with  the  iliacus,  into  the  lesser  trochanter  of  the  femur. 

Ncrvc-Supply. — By  branches  from  the  lumbar  plexus  from  the  second,  third, 
^nd  fourth  lumbar  nerves. 

Action. — ^To  bend  the  spinal  column  laterally  and  to  flex  the  body  and  pelvis 
upon  the  femur.     Acting  from  above,  it  flexes  the  thigh  and  rotates  it  inward. 

Relations. — ^The  psoas  magnus  lies  along  the  side  of  the  lumbar  vertebrae, 
resting  upon  their  transverse  processes  and  the  medial  portion  of  the  quadratus 
lumbonim.  Extending  as  high  as  the  last  thoracic  vertebra,  it  passes  beneath  the 
interna!  arcuate  ligament,  or  medial  lumbo-costal  arch,  of  the  diaphragm,  and  below 
it  passes  beneath  Poupart's  ligament  to  reach  the  thigh.  In  its  abdominal  portion 
it  is  in  relation  ventrally  with  the  peritoneum,  on  the  right  side  with  the  ascending 
colon  and  duodenum,  and  on  the  left  side  \vith  the  descending  colon  and  pancreas. 
The  inner  border  of  the  kidney  overlaps  the  lateral  portion  of  the  muscle,  and  the 
ureter  and  spermatic  for  ovarian)  arteries  descend  obliquely  along  it.  The  inferior 
vena  cava  lies  in  front  of  the  right  muscle.  The  ner\'es  formed  by  the  lumbar 
plexus  perforate  the  muscle,  and  the  genito-crural  nerve  passes  down  on  its  anterior 
surface.  In  the  pelvis  the  extcrnal  iliac  vessels  lie  along  its  medial  border,  and  it  is 
crossed,  just  before  it  passes  beneath  Poupart's  ligament,  by  the  vas  deferens.  In 
the  thigh  it  forms  a  portion  of  the  floor  of  the  femoral  or  Scarpa's  triangle,  and  lies 
between  the  iliacus  and  pectineus  muscles,  behind  the  femoral  vessels.  As  the  ten- 
don which  is  common  to  it  and  the  iliacus  pa.sses  over  the  hip-joint  it  rests  upon  a 
rather  large  bursa  (btirsa  iliopcctinea ) :  just  above  the  inscrtion  a  second  bursa  (bursa 
iliaca  sabtendinea)  intervenes  bctueen  the  tendon  and  the  femur. 
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Thepsoas  magntis  appears  to  lie  fomieii  by  the  uiiion  of  a  h>-poskeletal  tnink  muscie  with 
a  ffi^inoriil  iniisclu,  tlic-  n-ni^uniiiK  poitiuns  uf  nliich  are  rcprMciited  ny  thc-  iliiicus  and  pectineus. 
li  is  intcrtstinK  to  iiotL-  in  thLs  connectiun  that  in  those  niaiiiiiuLlia  it)  uhich  the  tjiiadratus  luin- 
bunim  is  wi-ll  dcvdoped  the  psoas  mntnius  is  correspondinglj'  weak,  and  tiče  vena. 

The  f-soat  parttu  or 
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„  I  is  a  long, 
flat  muscle  which  lic^  upon 
the  ventrnl  surface  of  the 
psoas  maKnus,  ivpresent- 
mtc  a  s(.|panitcd  ptirtion  of 
it.  and  Ls  present  in  some- 
thinK  over  50  per  cent.  ol 
cases.  It  arises  from  the 
budits  of  the  last  thoracic 
and  linit  lumbar  vertebrae 
and  is  inserted  tnio  about 
the  middle  of  the  ilio-pec- 
tineal  line  ilinea  termina- 
lis)  of  the  pelvts. 

2.  Iliacus  (Fig.  598), 

Attachmcnts.  — 

The  iliactis  arisfs  from 
about  the  uppcr  half  of 
the  anterior  surface  of 
the  ilium.  Its  Abres 
convcrge  downward  to 
form  a  conimon  tendon 
uith  the  psoas  major, 
tthich  is  insfried  into 
the  lesser  trochanter  of 
tlie  femur. 

Nerve-Supply, — 
By  the  anterior  crural 
nerve  from  the  second. 
third,  and  fourth  lum- 
bar  ner\-es. 

Action. — To  flex 
the  thigh  and  rotate  tc 
s]ight)y  inward :  when 
the  thigh  is  fixed,  to 
f1ex  the  pcivts  and  trunk. 
upon  the  femur. 

Relations. —  The 
iliacus  covers  the  pos- 
terior  wall  of  the  false 
pehis,  and  upon  the 
right  side  has  restinp 
upon  it  the  csecum  and 
on    the    left    sidc    the 

Dcrp  dlM«-li<in  r>l  prMivrinr  budv-wal1  and  illac  Kmu  ol  riKht  side.  sigmoid    Coloil.         It    is 

crosscd  nbliquety  bj- 
tho  exiernal  ciitaneous  and  the  anterior  crural  ner\'es ;  its  inner  border  is  covered 
bv  the  |>soas  niagniis.  It  passes  fnncath  Poiipart's  ligament  cxtemal  to  the  psoas 
mugmis,  its  nlatiuns  in  the  thijrh  Iteing  identiial  \vith  those  of  that  muscie. 


Virial 


-Th.- 


;i-th,T 


i1h-  m   ilhi-pu<. 

lir  iliiim  ;iri-  t.m-n  si-|);ir;iU'ii  irom  ti 

■ru-d  iiiiri  tlu-  rapsiil.'  m"  tln:  hi|i-jiiint 

The  Iliac  Fascia.— This  fjis 
CTs  the  iiitiro  ilicj-psoas.     Almv' 


inaKniis  ari'  nr)i  infrc<itirnlly  cKtensivelv  unJIed.  and 
i.irviis,  »licn  llii-i  is  pri-si^nl.  iiri'  fre(|urntly  spokenof 
ijiius  nhirh  nrisc  friiin  the  iMistcrior  sui>c-nor  spine 
ri-st  iif  thf  iiiiisi-k-  tli  fonn  an  iliacus  minor,  whicn  if 
■  into  tlii-  anterior  iiiturtriHrlianti-ric  line. 

I  is  a  siroiig  shot-t  "t  conncctive  tisstie  vhirli 
t  is  attiich^tl  tu  the  intcrnul  arcuatc  ligament  ol 
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:he  diaphragm,  and  thence  descends  over  the  anterior  surface  of  the  psoas.  On  reach- 
ng  the  Icvel  of  the  crest  of  the  ilium,  it  is  prolonged  outward  along  that  structure, 
rhcre  it  is  in  connection  with  the  lower  edge  of  the  transversalis  fascia.  It  deacends 
Jience  over  the  anterior  surface  of  the  psoas  and  iliacus,  at  the  inner  border  of  the 
onner  muscle  passing  over  into  the  pelvic  fascia.  Below  it  is  attached  in  its  lateral 
WD-thirds  to  Poupart's  ligament,  more  medtally  it  remains  in  contact  with  the  ilio- 
psoas  and  passes  down  inio  the  thigh  behind  the  femoral  vesscis,  separating  these 
itructures  from  the  muscle  and  the  anterior  crural  nerve  and  forming  the  posterior 
val)  of  the  sheath  for  the  femoral  vessel.  It  thus  divides  the  space  beneath  Pou- 
3art's  ligament  (.Fig.  599)  into  a  muscular  compartmcnt  (lacuna  musailonim)  which 
X>ntains  the  ilio-psoas  muscle  and  the  anterior  crural  and  external  cutancous  nerves, 
ind  a  vasculur  compartmcnt  (lacuna  vasonim)  which  contains  the  femoral  artery  and 
van  and  the  crural  branch  of  the  genito-crural  neire,  its  innermost  portion,  between 
:he  femoral  vein  and  the  free  edge  of  Gimbernat's  ligament,  transmitting  only  a  few 
x>Osely  arrangcd  lymph3tic  vessels  and  forming  what  is  termed  \\ie  femoral  ring 
[anmilns  femoralis). 

This  ring  (Fig.  599).  w;hicii  is  covered  over  by  a  portion  of  the  transversalis 
iascia,  known  as  the  septuni  cruraie  or  femorak,  is  the  upper  end  of  a  space,  occu- 

Fic,  599. 


lied  by  loose  areolar  tissue  and  tvmphatic  vessels,  uhich  extends  a  short  distance 
lownward  along  the  inner  side  of  the  femoral  vein,  forming  what  is  termed  the 
Irmaral  canal,  Owing  to  the  nature  of  its  contents  and  to  its  iipi>er  end  being 
losed  only  by  the  relativclv  thin  septum  femorale,  this  canal  may  allnw  of  the 
scape  of  a  portion  of  the  intestine  from  the  abdominal  cavity  dnwnward  into  the 
high,  prodticing  .1  femoral  hernia. 

Medially  the  portion  of  the  iliac  fascia  which  forms  the  pnsterior  \vall  of  the 
heath  for  the  femoral  vessels  is  continnetl  over  the  anterior  surface  of  ihc  pectineus 
luscle  (Fig.  1496),  this  jKirtion  of  itlieing  sometimcs  termed  the  pecfincal  or  ilio- 
'letiinea!  fascia.  Al>ove  it  is  attache«!  to  the  ilio-pectineal  cminence  and  below 
ecomes  continuous  with  ihe  deep  layer  of  the  fascia  lata. 

y.   Pkctinkis  ("Fig.  fioo). 
Attachments. — ^Thc  pectineus  arifi-s  frnm  the  anterior  surface  of  the  snperior 
»mu9  and  ilin-pectimiil  line  nf  the  pubis  .ind  passes  do\vnward  mul  lalerally  to  be 
tserted  into  the  jieclini-iil  lijie  of  the  femnr,  a   bursa   intervening  between  it  and 
ie  bone. 
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Nerve-Supply. — From   the  anterior  crural  nerve  by  the  second  and  third 
lumbar  nen-es. 

Action. — To  adduct  and  Hex  the  thigh  and  rotaie  it  slightly  outward. 

p,y   g^j  V«ri«ti«M.— The  fibres  which  in- 

nervnte  the  pectineus  sometimes  paM 
tu  it  whoIly  or  partly  by  the  obturatoi 

4.   Gracilis  (Fig.  600). 

Attachments. — The  gra- 
citis  is  a  long  bancl-Iike  muscle 
which  arises  froni  the  anterior 
surfacc  of  the  body  and  inferior 
raniiis  of  the  pubic  bone.  Il  de- 
-sceniJs  along  the  inner  siirfiice  of 
the  thigh.  passes  behiiid  ihe  inner 
C(mdyle  of  the  feniur,  and  then, 
btiidiiin  slightly  foniard.  is  in- 
scricd  int"  ihe  iiincr  surface  of 
the  til>i;i  near  the  tubtTosity,  jusi 
alK>ve  the  semitcndimisiis  and  I>e- 
hind  aml  heneath  the  e-tpanded 
tcndon  of  the  sartoriiis. 

Ncrve-Supply.  —  By  the 
anterior  division  of  the  obturalor 
nerve  from  the  second.  third.  and 
foiirth  Kinihar  nerves. 

Action. — To  addtict  the  leg 
and  f1i'\  tlio  thigh.  Il  uill  also 
assist  in  rotating  the  leg  inuard, 
especially  if  the  thigh  be  t1exed. 

5.  Adductor  LoNGis  I, Fig. 
600). 

Attachments.  — The  ad- 
ductor longns  aHses  from  the  an- 
terinr  surface  of  the  body  and 
siiperiur  nimus  oF  the  pubis  and 
passes  di)\vnwar<l  and  taterallv  to 
fie  inscrlid  iiiti>  aI>out  tlie  niiddle 
ihird  of  the  inner  lip  of  the  linea 
aspera  of  tlie  feniiir, 

Nerve-Supply.  —  By  the 
anterior  division  of  the  obtiirator 
nerve  from  the  second  and  third 
lumkir  ner\es. 

Action. — To  addiict,  flen. 
and  outwartlly  rotaie  the  thigh. 

6.  Ani>fCT(>R  Brevis  (F^. 
601). 

Attachments.  —  The    ad- 
dnctor  l>re\is  arises  from  the  body 
Mu.ci«  o(  nKht  tn-«h.  ...Lr..-™.,-!..-.  Mp«..  ^_^^|  jnf^.^jor  ramus  of  the  pubic 

bone,  below  and  partly  extema] 
tn  the  origin  of  the  addnctor  longns.  It  pas:;es  laterallv  and  nl>liquely  downward  tO 
be  inserled  inlo  the  upper  third  of  the  medial  li|>  of  the  linea  asper^  oil  the  femur. 
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Nerve-Supply. — By  the  anterior  ramus  ol  ihe  obturator  ner\'e  from  the  ihird 
and  fourth  lutnbar  nerves. 

Action. — To  adduct,  f\ex,  and  outwardly  rotate  the  thigh. 

i^i  ■•/"  7.    AiiDUCTOR  Magnus  (Fig.  601). 

'J^Ar-'  '        Attachments. — The  adductor  magnus  arises  from  the  infcrior  rami  ot   the 
pubis  and  ischium,  as  far  laterally  as  the  base  of  the  tubcr  ischii.     Its  anterior  tibrcs 
are  directed  laterally  and  downward  to  be  inseried  into  iiearly  the  whofe  length  of 
the  igjj^  lip  of  the  linea  aspcra  by  a  series  of  tendinous  archcs  vhich  give  passage 
to  the  perforating  branchcs  of  the  profunda  femoris  artery  on  their  »■ay  to  the  back 
^of  the  thigh.     Its  posterior  tibres  converge  dowiiward  to  a  strong  tendon  uhich  is 
"     \  insertecl  into  the  adductor  tul)ercle  on  the  inner  condylc  of  the  fcmtir. 
■\,'    „-*  Nervc-Supply. — By  the  j>ostcrior  division  of  the  obturator  nerve  from  the 

'      third  and  fourth  lunibar  nerves.-  r -.   .    y,  ^    •  ■    :. 

Action. — To  ad<luct  the  thigh.  •*.  '.rj.'      -  .      -■  ■ 

Relations. — Tlie  adductor  muscics,  together  with  tiie  gracllis,  occupy  the 
medial  surface  of  tlie  thigh,  intenening  between  tlie  estcnsor  anti  fIcxor  muscles. 
The  adductor  bre\is  and  adductor  longtis  enter  into  tlie  formation  of  the  floor  of 
Scarpa's  triangle  { page  639J,  and  from  tlie  ai>cx  of  tlie  latter  the  femoral  vessels  are 


\^X. 
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m  the  longus  and  magnus  clfsc  to  their  insertion,  and,  . 
he   iiiternul  s;i|  ihenonn  nerve.  are  bridged  over  by  an  aponcuroticr: 
'nun  the  luiigus  and  lua^nns  to  the  surface  of  the  vastihff 
rane  the  s|>;iif  <iciii|)ied  liv  the  vessils  and  nerve  is  ctin— 
Lgi-M;iy  lerine<i  Jfiiiilir  s  rami/  (canulis  adductoiius)  (Fig. 
i-nci  of  w-liiili  oorresponils  lo  the  interval  ( hiatus  tendincus )  bttweciM 
•r  and  |")>tiTiiir  portions  of  the  adihictor  magnus. 
ing  lir;inihi-si'f  the  ilcep  femoral  arterv  pierce  the  adductor  magnuss 
.  lile  tirst  one  p.issinu   almve  and  ihe  sirond  below  the  addm-tor" 
■rfnrati'  tli.it  nin>.ele  also,  while  the  third  pitsses  through  the  magnutf 
hiatiis  tejulineus. 
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VarUtions. — A  separation  of  any  of  the  adductor  muscles  into  distinct  purtions  may  occur, 
indeed  the  upper  pari  <if  the  nnterior  portion  of  the  niagnus  is  usually  (|uite  sfparate  from 
rest  of  Ihe  muscle  and  has  b«;n  termed  Ihe  adduciirr  ntimimus.  The  posterior  libres  of  the 
(requently  reccive  their  nen-e-siipply  ihroujjh  the  ^eat  scialic  nen-e. 


8.    Ql,AURATUS  Fkmokis  (Figs.  6o2,  608).  '  '■ 

Attachments. — The  quadratus  (emuris  anses  from  tlie  hiteral  border  of  the 
tuber  ischii  and'passes  nlniost  dircctiv  out«nrd  to  be  mseritd  iiitu  tho  feniur  along 
the  linea  quadrati,  which  vKtcndii  a  short  distance  donnnard  from  aboiit  the  niiddle 
ol  the  intertrochanteric  line, 

Nerve-Supply.— niy  a  special  nene  from  the  fourth  and  fifth  lumlKkr  and  lirst 
sacral  nerves. 

Action. — ^To  rotatc  the  thigh  outward. 

Relationa. — The  cjnadratiis  fumoris  is  concealed  by  the  lower  portion  of  the 
gluteus  maximus,  and  its  posterior  surface  is  cross<;d  by  the  jjrcat  and  sniall  sciatic 
nerves.     Beneath  it  lie  the  obturator  externus  and  the  tcrmination  of  the  interna) 


<afxrumfiex  arterv.      Its  upper  border  is  in  contact  with  the  gcnieHus  inferior  and  its 
i  o'*cr  border  with  the  adductor  ma^nus. 

t  i]iirequenlly   apparently    nbsent.    I>ein);  fuscd   with   the 

9.    OnTfRATOK    EXTF,RNrS    ( Fij>:s.   552,  60O. 

Attachments. — Thv  ol>tiir;itor  exterims,  a  thick  trian^rular  muscle,  arises  from 
the  anterior  surface  of  ibc  loMcr  hali  n[  the  obturator  membrane  and  from  the  rami 
T^  the  pubis  and  ischium  which  iKiniid  the  lower  half  of  the  obturator  foramen.  The 
F^br«9  are  directed  oiituard,  and  cnn\i'rKe  to  a  rotmdcd  tendon  which  is  inserird  into 
Lhe  floor  of  the  dinical  fossa  of  the  (ennir. 

Nerve-Supply. — By  the  posterior  division  of  the  obturator  nurve  from  the 
:l)ird  and  foiirth  lumbar  nerves. 

Action. — To  rotatc  the  thigh  outivard. 

10.  Ohti-kator  Intf.rnvs  (FiRs.  602,  603). 
Attachments. — The  obturator  internus  arhes  from  ( i )  the  inner  surface  of 
tl»e  rami  of  the  pubis  and  ischium  which  bound  the  obturator  foramen,  (2)  from  the 
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smooth  surface  of  bone  immediately  behind  the  foramen,  corresponding  to  thc 
acetabulum  externally,  and  (3)  from  the  whole  of  the  inner  surface  of  the  obturator 
membrane.  Its  fibres,  passing  downward  and  backward,  converge  to  a  strong 
tendon,  vvhich  gains  the  lesser  sacro-sciatic  forapien,  and  there,  bending  around  the 
margin  of  the  foramen,  a  bursa  (bursa  m.  obturatoris  interni)  intervening  between 
the  tendon  and  the  bone,  passes  outward  through  the  foramen  to  be  inserted  into 
a  facet  on  the  inner  surface  of  the  greater  trochanter  of  the  femur  just  above  the 
digital  fossa. 

Ncrvc-Supply. — Hy  a  special  nerve  from  the  tirst,  second,  and  third  sacral 
ner\'es.  ^ 

Action. — To  rotate  the  thigh  outward. 

II.   Gemelli  (Fig.  602). 

Attachments. — The  gemelli  are  two  slender  muscles  which  lie  one  on  either 
side  of  the  tendon  of  the  obturator  intcrnus.  The  gemelliis  superior  arises  from  the 
spine  of  the  ischiuni  and  the  i^cmeiius  iufirior  from  the  upper  part  of  the  tuber  ischii. 
Both  muscles  are  inserted  into  the  inner  surface  of  the  greater  trochanter  of  thc  femur 
along  \vith  the  obturator  internus. 

Ncrvc-Supply. — The  superior  gemellus  by  the  ner\e  to  the  internal  obturator 
from  the  fourth  and  tifth  lunibar  and  tirst  sacral  nerves  ;  the  inferior  by  the  nerve  to 
the  quadratus  fcmoris  from  thc  first,  second,  and  third  sacral  nerves. 

Action. — To  assist  in  rotating  the  thigh  outuard. 

Variations. — One  or  other  of  the  jj^emelli,  iisuallv  the  superior,  is  occasionally  wantin{;. 
This  is  ver>'  prohably  dne  to  fiision  with  adjacent  muscles,  the  gemellus  superior  with  thc 
py  rifurmis  and  the  inferior  \vith  the  quadratus  femoris. 

{b)    THE  POST-AXIAL  MUSCLES. 

1.  Gluteus  maximus.  3.   Gluteus  medius. 

2.  Tensor  fasciie  lata?.  4.   Gluteus  minimus. 

I.   Gluteus  Maximus  (Figs.  604,  607). 

Attachments. — The  gluteus  maximus  is  an  exceedingly  thick,  coarse  muscle 
\vhich  forms  the  princij)al  mass  of  the  buttock.  It  arises  from  the  latenil  surface  of 
the  posterior  portion  of  the  ilium,  behind  the  superior  gluteal  line,  from  the  pos- 
terior  surface  of  the  sacrum  and  c()ccyx,  and  from  the  posterior  sacro-iliac  and  greater 
sacro-sciatic  ligaments.  The  fibres  pass  latcrallv  and  do\vn\vard,  the  upper  ones 
curving  over  the  lateral  surface  of  the  greater  trochanter  of  the  femur  and  the  lower 
onc*s  over  the  tuberositv  of  the  ischium,  and  are  inserted  by  a  broad  tendon  partlv 
into  the  ilio-tibial  band  of  the  fascia  latii  and  partly  into  the  gluteal  tuberosity  of  the 
femur. 

Ncrvc-Supply. — Hy  the  inferior  gluteal  ner\'e  from  the  fifth  lumbar  and  first 
and  second  sacnil  nervc*s. 

Action. — To  dra\v  the  thigh  backvvard  and  rotate  it  slightly  outward.  Acting 
from  belovv,  it  extends  the  trunk. 

Relations. — The  gluteus  maximus  is  covered  by  the  upper  posterior  portion 
of  the  fiiscia  lata.  It  covers  the  gluteus  medius,  pyriformis,  obturator  internus, 
gemelli,  quadratus  femoris  and  the  origin  of  the  hamstring  muscles,  and  also  the 
gluteal,  sciatic,  and  pudic  vessels  and  nerves. 

It  is  separated  from  thc  lateral  surface  of  the  trochanter  major  by  a  large  bursa 
("bursa  trochantcrica  m.  ulutaci  maximi),  two  or  three  additional  small  bursae  ( 
{rlutaeofemoralcs )  separating  the  l()\ver  portion  of  the   muscle  from  the  shaft  of  th 
ftMUur.      A  bursa  is  also  frequently  |)resent  beneath  the  muscle  where  it  passes  ove; 
the  ischial  tubero.sity  (bursa  ischiadica  m.  ^lutaei  maximi). 

Variations. — The  lower  Injnler  of  the  jjhiteus  maximus  is  ocrasionally  separated  from  th< 
n»st  <^f  the  muscle,  formin^  what  mav  l)e  l<*nnetl  the  coccv^eo-frmoraiis^  and  it  occasionaliy 
receives  a  slip  from  the  ischial  tuberositv,  uhich  has  l>een  named  the  ischio-femoralis. 
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2.  Tensor  Fasci^  Lat£  (Figs-  600,  604). 
Attachments. — The  tensor  fasciae  late,  also  termed  the  Utuor  vagina  /emo- 
ris,  is  a  flat  muscle  which 

arises  Irom  the  crest  of  the  p,r,  f^ 

ilium,  immediatel^  behind 
theanterior  supenor  sjiine, 
and  passes  downward  and 
sljghtly  backnard  to  be 
inseried  in  to  the  upper 
portion  of  the  ilio-tibial 
band  of  the  fascia  lata. 

N  erve-Supply . — By 
the  superior  gluteal  nerve 
from  the  fourth  and  tifth 
lumbar  and  tirst  sacraf 
nerves. 

Action. — To  tense  the 
fascia  lata  and  at  the  same    ^   <; 
tirne  to  flex  the  thigh  and     "*^ 
TOtate  it  slightly  inward. 

3.  Glutei's  Medius         "" 
(Figs.  604,  609). 

Attachments. — The 
gluteus  medius  arises  from 
the  outer  surface  of  the 
ilium,  between  the  superior 
and  middle  gluteal  lines. 
Its  fibres  pass  down\vard, 
converging  to  a  tendon 
which  is  inserted  into  the 
iateral  surface  of  the  great 
trochanler  of  the  femur 
near  its  summit. 

Nerve-Supply. — By 
the  superior  gluteal  ner\-e 
from  the  fourth  and  fifth    *'^= 
lumbar    and    first    sacral 
nerves. 

Action. — To  abduct 
the  thigh  and  by  its 
stronger  anterior  fibres  to 
rotate  it  inward.  Acting 
from  below,  to  flex  the 
pdvis  Uterally. 

Relations. — The  an- 
terior portion  of  the  mus- 
cle b.covered  by  the  fascia 
tata  and  the  tensor  fascia 
latae,  the  posterinr  portion 
by  the  gluteus  maximus, 
Beneath  it  are  the  gluteus 
minimus  and  the  superior 
gluteal  vcssels  and  ner\'e, 
Its  tendon  passing  over  that 

of  the  pyriformis  near  its  MukIcs  nt  richi  thij:h.  bti-mi  »sprn, 

insertion. 

A  bursa  (bursa  trochaatcrica  m  glutaei  medti  anterior)  is  interposed  betn-een  the 


4T0MV 


G\utcu*  1"»'"" 
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tendon  of  the  moscle  and  the  upper  partof  tlie  great  trochanter,  and  another  (bursa 
trocbanterica  m.  Klutaei  medii  posterior)  is  usually  prcsent  bctween  the  tendon  and  Ihat 
of  the  pyriformis. 

4.  Gluteus  MiNiMUS  (Figs.  601,  602). 

Attachments. — The  gluteus  minimus  is  ihe  most  deeply  sitiiated  of  the  gluteal 
muscles.  It  arises  Iram  the  lateral  surface  of  the  ilium,  betwi;en  ihe  mi<ldle  and 
inferior  gluteal  lines,  and  passes  downward  and  laterally  to  a  strong  tendon  \vhich  is 
imeried  into  the  antcrior  sorlace  of  the  great  trochanter  of  the  feniur. 

Nerve-Supply. — By  the  superior  gluteal  nerve  from  the  fourili  and  fiftU 
lumbar  and  first  sacral  ncr\es. 

Action. — To  abduct  the  thigh  and,  acting  from  below,  to  f1ex  the  pclvis 
lateralty. 

Relations. — Superficially  it  is  covered  by  the  gluteus  medius  and  crossed  by 
the  superior  gluteal  vessels  and  nerve.  Deeply  it  rests  upon  the  capsule  of  the  hip- 
}oinL  A  bursa  (bursa  trochanterica  m.  glutaei  miDimi)  is  interposcd  bctu-een  the 
tendon  and  the  great  trochanter. 

Variationm.  —The  anterior  portion  of  the  muscie  is  sometimes  dislinctly  separated  from 
the  rest,  forming  a  muscie  fre(|uenlly  presenl  in  the  lQwer  mammals  and  temied  the  scansorius. 


THE   FEMORAL   MUSCLES. 

Mai^  of  the  muscles  uhich  belong  to  this  group  extend   the  entire  length  of 
the  thigh,  takin^  their  origin.  in  whole  or  in  part,  from  the  pelvis. 

The  Pascia   Lata   (Fig.   605). — This,    the  deep  fa^ia  of   the  thigh,  is  a 


strong  layer  which  conipletetv  encloscs  the  muscles  of  ihe  thigh  and  covers  the  glu- 
teal region,  Its  upper  attachment,  beginning  from  behind,  is  to  the  coccyx  and 
ncnim ;  thence  forward  along  the  entire  tength  of  the  crest  of  the  ilium  and  me- 
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dially  along  Poupart's  ligament  to  the  body  of  the  pubis  ;  thence  it  passes  backward 
and  downward  ajnng  the  inferiur  ramiof  the  pubis  and  ischitiin  to  the  ischial  tuberos- 

ity,  where  it  passes  upon 
Fig.  607.  the   greater    sacro-scJatic 

tigamcnt  and  so  back  to 
the  start  ing- poi  nt.  Belo«- 
it  is  attached  to  the  bor- 
ders  of  the  patelta  and  be- 
comes  continuous  with  the 
fascia  of  the  leg. 

The  fascia  lata  varies 
considcrably  in  thickness 
in  diffcrent  regions.  Over 
the  ghitcal  regjon  itisthin. 
bil  t  over  the  great  tro- 
chanter  of  the  femur  it 
beconies  great  ly  thick- 
eiied,  and  this  ihickening 
is  continued  donnuard 
upon  the  latcral  siirface  of 
the  [high  (I-ig.  605)  as 
far  as  the  cxterna1  tubcr- 
osity  of  the  tibia.  forming 
\vhat  is  termed  the  ilio- 
iibial  band  Itr^ctus  ilift- 
tiltialis),  This  receives  at 
ils  upper  part  the  inser- 
tions  of  the  tensor  fascije 
lalrt'  and  part  of  the  glu- 
teus  ma^imus,  and  from 
the  posterior  edge  of  its 
upper  portion  a  much 
smaller  and  feebler  band 
can  bc  traced  backftard  at 
first  across  and  then  below 
the  Iower  portion  of  the 
gluteus  niaxinius  to  the 
ischial  tubero5ity  ;  it  pro- 
duces  the  gluleal  suleus. 

In  its  lower  j>osterior 
part,  where  it  forms  ihe 
roof  of  the  popliteal  space, 
the  fascia  is  aiso  snmewhat 
thickened. 

Anterioriv,  j  ust  belo  v 
the  inncr  end  of  Poupan's 
ligament,  a  prolongation 
of  the  fascia  passes  deeply 
to  join  with  the  ilio-pec- 
tineal  portion  of  the  iliac 
fascia,  and  so  assists  in  the 
formation  of  the  sheath  for 
the  femoral  \essels.  Ch-er 
an  oval  area,  situated 
iminediately  estemal  to 
whcre  this  prolongation. 
tthich  is  termed  the^Mr 
's  quite  thin  and  a 


porlioii  (Y\%.  530 ■)  of  the  fascia  lata.  is  gi\en  ofi.  the  f; 
perfonittt!  by  the  intornal  saphonoiis 


lUperticial  blood-^essels,  and  tytnphatic9  ; 
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vhence  it  is  termed  the  cribri/orm  fascia  (fascia  cribrosa),  the  area  uhich  it  covers 
beio^  the^JJ«  ovalis.    The  cribriform  fascia  is  readily  ruptured,  the  fossa  ovalb  then 


TabcRullrol  iicbiura- 


K  be«n  ri-flectrd. 


appearing  as  a  perfnration  i 
523).  The  fossa  oviilis  Iil-s  i 
femoral  canal,  and  i^  cc>ns<.'qi 


the  fnscia  lata,  tcrnicd  the  sapliiiioiis  opatins;  CFip. 
nniliattlv  ovlt  (/.<-.,  in  front  ofl  the  lower  end  of  the 
ulj-  cif  iiitportance  in  connection  with  femoral  herniae 
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(pa^e  1773),  which,  descending  in  the  canal,  press  against  the  thin  fascia  cribrosa  and 
may  cause  it  to  bulge  f(>rward. 

The  part  of  the  fascia  lata  lying  to  the  outer  side  of  the  fossa  ovalis,  or  the 
saphcnous  opening,  is  known  as  the  iliac  poriio7i  (Fig.  530),  vvhich  at  the  lateral 
margin  of  the  fossa  ovalis,  \vhere  the  fascia  cribrosa  joins  the  fascia  lata,  is  soniewhat 
thickened  to  form  a  curved  band  termed  \.)mi  /aici/orm  proccss  (marj^o  falciformis). 
The  latter  is  prolonged  do\vn\vard,  as  the  cormi  inferius,  to  join  the  j)iibic  portion 
of  the  fascia  lata,  and  upward,  as  the  cornu  supvrius^  also  termed  the  fcmoral  liga- 
fnent  or  Hcv'  s  ligamcnt^  which  is  some\vhat  stronger  and  continued  medially  to  join 
the  inner  end  of  Poupart*s  and  Gimbernat's  ligaments. 

Septa  of  connective  tissue  are  continued  from  the  deep  surface  of  the  fascia  lata 
to  the  femur  separating  the  various  muscles  of  the  thigh.  T\vo  are  especially  strong  ; 
one,  the  interna!  intertnusailar  scptum  (septum  intermuscularis  medialis),  passing  to 
the  inner  lip  of  the  linea  aspera,  bet\veen  the  vastus  internus  and  adductor  magnus 
muscles,  and  the  other,  the  exteryial  intcrtnuscular  septum  (septum  intermuscularis 
lateralis),  to  the  external  lip  between  the  short  head  of  the  biceps  and  the  vastus 
externus.  To  a  certain  extent  these  septa  furnish  surfaces  of  origin  for  some  of  the 
adjacent  muscles. 

(a)   THE  PRE-AXIAL  MUSCLES. 

.1.   Biceps  femoris.  2.   Semitendinosus. 

3.   Semimembranosus. 

These  muscles  are  popularly  known  as  the  hamstring  muscles, 

I.  Biceps  Femoris  (Figs.  608,  609). 

Attachments. — The  biceps  femoris  takes  its  origin  by  two  distinct  heads. 
The  long  head  arises  from  lower  and  inner  facet  upon  the  tuberosity  of  the  ischium 
in  common  with  the  semitendinosus,  while  the  short  head  arises  from  the  whole 
length  of  the  outer  lip  of  the  linea  aspera  and  from  the  adjacent  septum  intermus- 
culare.  The  fibres  of  both  heads  are  directed  down\vard,  and  at  about  the  knee 
unite  in  a  common  tendon  \vhich  passes  behind  the  outer  condyle  of  the  femur 
and  is  inserted  into  the  head  of  the  fibula,  bifurcating  to  enibrace  the  long  extemal 
lateral  ligament  of  the  knee-joint.  Tendinous  bands  usually  extend  also  from  the 
tendon  to  the  outer  tuberosity  of  the  tibia. 

Ncrvc-Supply. — Both  heads  are  supplied  by  the  greater  sciatic  nerve.  The 
fibres  for  the  short  head,  however,  pass,  by  way  of  the  external  popliteal  division  of 
the  ner\'e,  from  the  fifth  lumbar  and  the  first  and  second  sacral  nerves,  while  those 
for  the  long  head  pass  by  the  internal  popliteal  division,  coming  from  the  first, 
second,  and  third  sacral  nerves. 

Action. — To  extend  the  thigh  and  flex  the  leg.  \Vhen  the  leg  is  flexed  the 
biceps  will  rotate  it  outward,  and  the  long  head  acting  from  below  assists  in  extend- 
ing  the  trunk  upon  the  hip-joints. 

Relations. — The  common  tendon  of  origin  of  the  biceps  and  semitendinosus 
is  sometimes  separated  from  the  tendon  of  the  semimembranosus  by  a  bursa  ( bursa 
m.  bicipitis  supcrior).  More  rarelv  a  bursa  is  to  be  found  between  the  tendon  of 
insertion  of  the  biceps  and  the  lateral  head  of  the  gastrocnemius,  and  almost  con- 
stantlv  a  bursa  (bursa  m.  bicipitis  inferior)  separates  the  tendon  of  insertion  from  the 
fibular  collateral  ligament  of  the  knee-joint. 

Variations.— -The  most  important  variations  of  the  biceps  are  an  occasional  absence  of  the 
short  head  and  an  extensic)n  of  the  insertion  to  the  crural  fascia.  Ik>lh  these  anomalies  are 
explaine(]  by  the  romposition  of  the  miisrle,  the  two  heads  not  only  representinp  two  origina]ly 
distinct  musrh-s.  bnt,  as  is  indicated  by  the  ner\'e-snpply,  the  lonp  head  is  a  portion  of  the  pre- 
axial  musculature  of  the  thijjh.  \vhile  the  short  head  belonp:s  to  the  post-axial  jn*oup.  The  com- 
parati vf  anatnmv  of  the  miisrle  shous  that  the  short  head  is  a  modified  representative  of  a 
miiscle  belonjjinjc  to  the  ^luteal  set.  uhich  extended  from  the  caudal  vertebrae  \o  the  fascia  of 
the  rrus  and  has  only  secondarily  become  uniled  uith  the  pre-axial  muscle,  sharing  in  its 
iasertion. 
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2.  Semitendinosus  (Fig.  608). 

Attachments. — The  semitendinosus  arises  from  the  tuberosity  of  the  ischium 
in  common  \vith  the  long  head  of  the  biceps.  Its  fibres  extend  dovvnward  to  a  long, 
slender  tendon,  which  passes  behind  the  inner  condyle  of  the  feniur  and  then  cur\'es 
forward  along  with  the  tendon  of  the  gracilis  to  be  inserted,  below  that  tendon  and 
under  cover  of  the  expanded  tendon  of  insertion  of  the  sartorius,  into  the  inner 
surface  of  the  tibia  near  the  tuberosity. 

Ncrvc-Supply. — By  the  internal  popliteal  division  of  the  greater  sciatic  nerve 
from  the  fifth  lumbar  and  hrst  and  second  sacral  nerves. 

Action. — To  extend  the  thigh  and  fiex  and  rotate  inuard  the  leg.  Acting  from 
below  it  \vill  extend  the  trunk  upon  the  hip-joints. 

Relations. — A  large  bursa  (bursa  anserina)  intervenes  between  the  tendons 
of  the  graciHs  and  semitendinosus  and  the  tibia. 

3.  Semimembranosvs  (Fig.  609). 

Attachments. — The  semimemhranosus  arises  by  a  broad,  fiat  tendon,  which 
extends  from  upper  and  outer  facet  upon  the  tuberositv  of  the  ischium  downvard 
along  the  outer  border  of  the  muscle  to  about  the  middle  of  the  thigh.  The  muscle- 
fibres  pass  do\vnward  and  in\vard  from  this  tendon  to  a  tendon  of  insertion,  which 
occupies  the  niedial  border  of  the  muscle  and  passes  behind  the  inner  condyle  of  the 
femur  and  curvcs  for\vardto  the  inner  surface  of  the  internal  condvle  of  the  tibia, 
into  which  it  is  inscrtcd,  An  extension  of  the  tendon  of  insertion  usuallv  passes 
do\vnward  and  outward  to  the  portion  of  the  deep  fascia  of  the  leg  which  covers  the 
popliteus  muscle  ;  anothcr  band  extends  upward  and  out\\  ard  to\vards  the  outer  con- 
dvle of  the  femur,  blending  \vith  and  materiallv  strcngthcning  the  posterior  part  of 
the  capsular  ligament  of  the  knee-joint. 

Ncrvc-Supply. — Ry  the  internal  popliteal  division  of  the  greater  sciatic  ner\*e 
from  the  fourth  and  fifth  lumbar  and  first  sacral  nerves. 

Action. — To  fiex  the  leg  and  assist  somewhat  in  rotating  it  inward.  Acting 
from  below  it  \vill  extend  the  trunk  upon  the  hip-joints. 

Relations. — The  semimembranosus  is  situated  in  front  of  the  long  head  of  the 
biceps  and  the  semitendinosus  and  behind  the  adductor  magnus.  The  greater 
sciatic  nerve  lies  along  its  lateral  border  (Fig.  606).  The  tendon  of  insertion  b 
separated  from  the  inner  head  of  the  gastrocnemius  by  a  bursa  (bursa  m.  semimcni' 
branosi  medialis),  \vhich  often  communicates  with  the  svnovial  cavity  of  the  knec- 
joint  ;  the  bursa  m.  semimembranosi  lateralis  intervenes  between  the  tendon  and  the 
inner  condyle  of  the  tibia. 

(^)  THR   rOST-AXIAL  MUSCLES. 

1.  Sartorius.  4.   Crureus. 

2.  Rectus  femoris.  5.   Vastus  internus. 

3.  Vastus  externus.  6.   Subcrureus. 

I.  Sartorius  (Fig.  610). 

Attachments. — The  sartorius  is  a  long  lxmd-like  muscle  which  arises  from 
the  anterior  superior  spine  of  the  ilium  and  the  adjacent  j)art  of  the  notch  below  it. 
It  descends  obliquely  downward  and  inward  across  the  front  of  the  thigh,  in  the 
groove  lK»tween  the  rectus  femoris  and  the  vastus  internus,  on  the  one  hand,  and  the 
adductor  muscles,  on  the  other,  and  then  passes  directly  downward  behind  the 
inner  con(lyle  of  the  femur.  It  fmally  bends  for\vard  to  be  inserted  into  the  inner 
surface  of  the  tibia  near  the  tuberosity,  covering  the  insertions  of  the  gracilis  and 
semitendinosus. 

Nerve-Supply. — Hy  the  anterior  crural  nerve  from  the  second  and  third 
lumbar  nerves. 

Action.— To  flex  the  thigh  and  leg  and  to  rotate  the  thigh  outward  ;  when 
the  leg  is  flexed,  the  muscle  will  assist  in  rotating  the  thigh  inward. 
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Relations. — As  it  passes  obtiquely  across  the  upper  part  of  the  thigh,  the  sar- 
torius    forms  the  latcral  boundar)'  of    a  triangular  depression  which  is  known  as 


Scarpa's  triangle  (trigonum  femorale). 
by  the  adductor  loiigus,  its  base  by 
Poupart's  ligament,  its  floor  by  the 
ilio-psoas  and  pectineus  and  often  to 
a  slight  extent  by  the  adductor  brevis, 
and  its  roof  by  the  fascia  lata  and 
the  cribrilomi  fascia.  The  space  so 
boundcd  is  traversed  (rom  above  down- 
ward,  from  the  middle  of  its  base  to 
its  apex,  by  the  femoral  vessels  and 
the  anterior  crnral  and  crural  branch 
of  the  genito-crural  nerve,  and  con- 
tains  a  number  of  lymphatic  nodes. 
At  its  apex  it  is  conlinuous  wilh  the 
adductor  or  Hunter's  canal. 

A  mucoiis  bursa  (biirsa  m.  sar- 
torii  propria)  intervenes  between  the 
tendon  of  the  sartoriiis  and  those  of 
the  gracitis  and  sem  i  meni  bran  os  iis, 
and  ocxasionally  communicates  \vilh 
the  bursa  anscrina  (page  63S). 

The  remainder  of  the  post-axial 
niusculaturc  of  the  thigli  is  almost  eii- 
tirely  represented  by  iour  large  mns- 
des,  more  or  less  sL-parable  above, 
bul  united  beio\v  in  a  comnion  tendon, 
u-hich  is  inserted  into  the  upper  bor- 
<ier  of  the  patella,  and  tlirough  this 
and  the  ligamcntum  patellie  acts  upnn 
the  tuberosity  of  the  tibia.  These 
inuscles  have  beeii  groiiped  together 
as  the  exlensor  ijuadricfps  fcnioris, 
and  include  the  rectus  femoris,  tlie 
vastus  eitternus,  the  crureus,  and  the 
'\'astus  in  tem  Its. 

2.  Rectvs  Femoris  (Fig.  610). 

Attachments. — The  rectus  fem- 
oris has  a  double  origin.  tlie  one,  or 
■straigkt  head,  arisitig  froin  the  an- 
terior inferior  spine  of  the  ilium,  and 
the  other,  or  rcfieckd  head.  fr<)ni  the 
surface  of  the  ilium  a  short  distance 
above  the  acetabnlum.  The  two 
heads  give  rise  to  a  single  tendon 
"vbich  desccnds  for  some  distance 
along  the  front  of  the  muscic  and.  in 
conjunction  »ilh  a  median  septum, 
si  ves  origin  to  the  muscle-fibres. 
rhese  present  a  bipinnate  arrange- 
ment,  and  pass  nver  l>elow  into  ihe 
<:ommon  tendon  to  l)e  cventn:illy  in- 
-aerUd  by  the  ligamcntnm  ]jalell;e  into 
the  tubercle  of  the  tibia. 

Nerve-Supply.— By  the : 
nerves. 


The  inner  boundary  of  this  triangle  is  formed 


crural  nerve  from  the  third  and  (ourth  lumbar 
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Action. — To  flex  the  thigh  and  extend  the  leg.  Acting  from  below  it  will  flcx 
the  trunk  on  the  hip-joints. 

Relations. — The  rectus  femoris  rests  upon  the  capsule  of  the  hip-joint  above 
and  the  crurcus  below.  A  bursa  frequently  intervenes  between  the  surkce  of  the 
ilium  and  the  head  which  is  inserted  above  the  acetabulum. 


3.  Vastus  Externus  (Fig.  610). 

Attachments. — The  vastus  externus  (m.  vastus  lateralis)  arises  from  the  ante. 
rior  intertrochanteric  line,  the  lateral  surface  of  the  greater  trochanter,  and  the  outer 
lip  of  the  linea  aspera.  The  fibrcs  curve  downwarci  and  inward  to  unite  with  the 
crureus  and  to  be  inserted  into  the  common  tendon. 

Ncrvc-Supply. — By  the  anterior  crurai  nerve  from  the  third  and  fourth  lumbar 
nerves. 

Action. — To  extend  the  leg. 


4.  Crureus  (Fig.  606). 

Attachments. — The  crureus  (ra.  vastus  intermedius)  lies  below  the  rectus 
femoris  and  betvveen  the  vastus  extcrnus  and  vastus  internus.  It  arises  from  the 
anterior  surface  of  the  femur  and  passes  down\vard  into  a  flat  tendon  which  is  inserted 
into  the  common  tendon  a  short  distance  above  the  patelia. 

Nerve-Supply. — By  the  anterior  crurai  nerve  from  the  third  and  fourth  lumbar 
nerves. 

Action. — To  extend  the  leg. 

5.  Vastus  Internus  (Fig.  600). 

Attachments. — The  vastus  internus  (m.  vastus  medialis)  is  usually  so blended 
with  the  crureus  as  to  be  hardly  separable  from  it.  It  arises  from  the  spiral  line  and 
from  the  inner  lip  of  the  linea  aspera  of  the  femur,  the  fibres  curving  downward  and 
outward  to  be  partly  united  with  the  crureus  and  partly  inserted  into  the  common 
tendon. 

Nerve-Supply. — By  the  anterior  crurai  nerve  from  the  third  and  fourth  lumbar 

nerves. 

Action. — To  extend  the  leg.  Owing  to  the  oblique  direction  of  the  femur 
downward  and  inward  the  action  of  the  quadriceps  femoris  would  be  to  draw  the 
patelia  outward  as  well  as  upvvard,  thus  tending  tovvards  an  outward  dislocation  of 
that  bone.  This  is  obviated,  however,  by  the  vastus  internus,  the  bulk  of  whose 
fibres  arise  from  the  lower  part  of  the  femur  and  are  directed  more  or  less  trans- 
versely  outuard  to  the  inner  border  of  the  common  tendon. 

Relations. — The  medial  lx)rder  of  the  vastus  internus  forms  the  outer  wall  of 
Hunter's  canal  (Fig.  606),  the  fascia  \vhich  forms  the  roof  of  the  canal  extending' 
across  between  this  muscle  and  the  adductor  magnus. 


6.    Subcrureus. 

Attachments. — The  subcrureus  (m.  articularis  genu)  is  frequently  so  insepara— 
blv  blended  \vith  the  crureus  that  it  niav  well  l>e   regarded  as  the  deepest  layer  of 
the  lattcr  rather  than  as  a  distinrt  muscle.      It  arises  from  the  lower  part  of  th^r 
anterior  surfa(x-  of  the  femur  and  passes  do\vn\vard  to  be  inserted  into  the  uppeK 
bordrr  of  the  capsule  of  the  knee-joint. 

Nerve-Supply.—  Bv  the  anterior  emral  nerve  from  the  third  and  fourth  lumba^^ 
nerves. 

Action. — To  tense  the  caj)sule  of  the  knee-joint. 
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PRACTICAL  CONSIDERATIONS:  MUSCLES  AND  FASCIvE 
OF  THE  BUTTOCKS,  HIP,  THIGH,  AND  KNEE. 
I.  The  Buttocks. — ^The  skin  over  this  region  is  thick  and  is  dosely  connected 
with  the  superficial  fascb,  nhich  is  abundant,  loosu,  and  contains  much  lat.  Tlie skin 
is  richly  supplied  witlj  nerves  from  the  stnall  sciatic,  the  externai  and  the  perforating 
cutaneous,  the  ilio-hypoga5tric,  and  the  esternal  branchcs  of  the  postcrior  division  of 
the  lumbar  and  sacra!  nerves.  It  is  poorly  supplied  with  blood  as  compared  with 
other  cutaneous  areas,  and  hence  usually  has  a  relatively  lowsurface  temperature.  It 
is  coaree,  with  numeroiis  sebaceous  follicles,  and  is  the  site  of  lrequent  minor  forms  oi 
irritation, — chafes,  bruises,  etc. , — and  isJor  these  reasonsacommon  seat  of  superAcial 

Fig.  611. 


furuncles,  which,  on  occonnt  o(  its  imimate  union  ttith  the  iindcrlying  fascia  and  its 
plentiful  nerve-supplv.  areapt  to  be  very  painful. 

The  presence  of  a  hirge  quantily  of  poorlv  orpjanized  fat  in  the  superficial  fascia 
and  the  frequency  of  Incal  irritation  rendcr  the  rogion  a  favorite  seat  of  lipomata. 

The  laxily  of  the  superficial  fascia  permits  effiisions  of  piis  or  of  bloo<i  to  attain 
exceptionally  large  diniensions,  and  ihis  is  encoiiraged  liv  gravtty  in  the  usually 
dependent  position  of  tho  jiart. 

The  deep  fascia  attached  to  the  back  of  the  sacnim  and  coccyx  and  to  the  crest 
ol  the  ilium  covers  in  the  glnteus  nudius  and  holds  it.  Hilb  the  ghitens  niinimus,  in 
an  osseo-fa.scial  sjnicc,  as  the  ilio-psoas  is  hdd  nnteriorlv  hy  the  iliac  fascia  ( page  624). 
The  posterjor  3|>acc,  ho\ve\er.  is  coni])lctely  rlosed  siiperiorlv  and  is  open  only 
inferiorly,  towards  the  thigh.  and  antero-intcrnally.  lovvards  the  sciatic  foramina. 
Abscesses  or  e.-ctravasations  of  !}l<iod  in  this  sjiace  may  originale  in,  or  may  find  thcir 
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into  the  pelvic  cavity ;  or,  guided  by  gravity,  tbey  may  travel  long  distances 

n  the  thigh  bcfore  pointing.     They  are  apt  to  be  associatcd  with  mucb  pain 

itise  of  the  compression  ol  the  gluteal  and  other  branches  of  the  sacral  p)exu8 

jveen  the  bone anteriorly  and  the  musculo-aponeurotic  uall  of  thespace  posterioriy. 

The  gluteus  maximus  is  embraced  by  a  sheath  formed  by  the  spUtdng  of  thb 

cia  into  two  layera,  the  superficial  one  of  which  is  thinner  and  less  dense  than  the 

ep  layer.      Abscess  or  hemorrhagic  extravasation   within  the   substance    of    that 

uscte  is,  therefore,  Hkely  to  give  more  extemal  evidence  of  its  presence  and  to  bc 

ss  painful  than  if  in  or  beneath  the  gluteus  medius.      The  gluteus  maxiinus  itselt 

iiay  be  ruptured  by  violent  exertion  in  extending  the  pelvis  and  trunk  on  the  thigli, 

,he  lalter  being  fixed,  as  in  raising  a  heavy  weight  on  the  back  and  shouldera  wh)le 

passing  from  a  stooping  to  an  crect  position,  or  in  carrying  a  similar  burden  upstairs, 

the  peKIs and  femur  having  then  the  same  relative  position  at  each  upward  step  that 

they  have  nhen  the  thigh  is  vertical  and  the  tnink  and  pelvis  are  flexed.     In  the 

erect  position  the  muscie  is  relaxed.      When  it  is  paralyzed  the  patient  can  walk 

easily  on  a  level,  bul  bas  troublc  in  going  upstairs  or  in  exchanging  a  sitting  (or  a 

standing  posture.     Wounds  of  the  buttock  uithout  fracture  of  the  bones  niay  enter 

the  petvic  ca\'ity  through  the  sacro-sciatic  foramina,  and  Treves  has  recorded  a  čase 

of  štab  wound  of  the 
Kic.  6i3.  buttock  in  whicti  the 

~>>  „;., ...J  ^__ J  _, , patient  died  from  peri- 

tonitis,  the  vcund 
having  in  vol  v  cd  the 
bladder  andcaused  in- 
traperitoneal  extra\-a- 
sation  of  urine. 

A  subgluteal  tri- 
angle has  been  de- 
scribed(Guiteras),  the 
boundaries  of  u-hich 
are  exiemally  the  lem- 
oral  and  trochanteric 
insertion  of  the  glu- 
teus niaximus,  inter- 
nail)-  the  long  head 
o(  ihcbiceps,  thetuber 
ischii,  and  part  of  the 
sacro-sciatic  ligament, 
superiorly  the  pyri- 
formis.  The  floor  <A 
the  triangle  is  made 
by  the  external  rota- 
tors  and  the  adductor 
magnus.  It  is  the  re- 
gion  of  aneurism  ol 
or  occasional  hcmorrhngt'  fnmi  the  sciatic  arten.-,  of  emergence  of  the  sctatic  nerve. 
and  ol  one  Umn  vi  sciatic  hiTnia.  l>elow  the  pvrilormis.  The  • '  triangle' '  is  an  aiti- 
ficial  one.  and  is  mcnlion«!  nicrelv  as  an  aid  t"  locaHzation  of  the  above  strtictur«s. 

The  subgluteal  burs;i-  are  n[  consideralilc  impnrtance.  One  is  found  intcrpaaed 
bctwcen  the  trochantcr  and  ciich  of  the  gluteal  musclcs  (page  630).  Inflammation 
and  enlargemont  of  those  lnirs.T  mIU  bc  folIottvH  by  adduction  and  flexion  of  the 
thigh,  because  active  cstension  o(  the  thigh.  in  which  ihe  glutei  aid.  and  rotation  in- 
ward,  putting  them  on  the  strcfch.  are  painful,  Flattcning  of  the  buttock  and  oblit- 
eration  of  the  gluteo-fenionil  cre.ise  inav  fo!low  atrophv  of  the  muscles  from  dbeasr 
(f^tr«-'  ,1**0-  Caries  of  the  trochantcr  h.-ts  resultcd  from  suppuration  in  these  burue 
The  biirs.-E  over  the  tubcrosities  of  the  ischiiun  friqm-ntly  eniarge  and  mav  cais 
two  sfilid  svmmetrical  swellings— "  we;n<rs'  l).itt<.m"— \vhich  require  reitioval. 

2.  The  Hip  and  Thigh,-  The  skin  r.ver  the  hip  is  less  dense  than  over  t' 
buttock,  and  is  stili  thinner  bclow  Poupart's  lig-.iment  and  in  the  region  of  Soup 
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triangle.  Over  ali  the  lower  portion  of  the  th^h  it  is  loosely  connected  by  abundant 
connective  tissue  wi(h  the  fascla  lata,  its  attachment  being  closest  along  the  line  of 
the  extenial  intermuscular  septum,  between  the  vastus  externus  and  the  hamstring 
musdes.  It  is  coarse  externally  and  thinner  over  the  abductor  surfaces.  It  is  easily 
Stripped  up  by  eflusions  or  retracted  during  operations. 

The  superficial  fascia  in  the  subinguinal  region  is  in  two  layer5,  in  the  more 
superiicial  of  which  is  the  subcutaneous  fat,  The  deeper  layer  is  the  denser,  and  on 
it  lic  the  lymphatic  nodes  occupying  the  saphenous  opening.  It  ofiers,  however,  in 
this  r^on,  but  little  resistance  to  the  progress  of  pus  towards  the  suriace,  as  it  is 
perforated — hence  ' '  cribriform  lascia' ' — by  the  lymph-ve3sels  passing  from  the  super- 
ficial  to  the  deep  set  of  inguinal  nodes,  by  the  superficial  epigastric  and  extemal 
pudic  vessels,  and  by  the  internal  saphenous  vein  to  enipty  into  the  femoral. 

Lipomata  are  not  infrequent  in  this  fascia,  especiall)'  on  the  front,  but  sometimes 
on  the  back  of  the  thigh,  and  on  account  of  its  laxity  and  of  the  absence  of  firm 
attachments  of  their  capsulcs,  are  apt  to  travel  downward  by  gravity. 

Fig.  613. 


DlMCclion  of  th>Toid  luution  of  Irinut,  thoving  musfl«  ruplurcd. 

The  deep  fascia  or  fascia  lata  (page  6,13).  attached  above  to  the  lower  edge  of 
the  gt'eat  sacro-sciatic  ligament,  the  tuberosity  and  ramus  of  the  ischium.  the  crest  of 
the  ilium,  Poopart's  ligament.  and  the  body  and  ramus  of  the  pubes.  and  below  to 
the  Uteral  margins  of  the  patella  and  to  the  tibia.  and  continuous  posteriorly  w  ith  the 
deep  fascia  of  the  leg.  forms  an  almost  unbroken  sheath  around  the  thigh,  Its  con- 
tinuity  is  interrupted  onlv  by  the  saphenous  opening  fpage  635).  It  is  of  suthcient 
Strength  and  density  everywhere  to  influence  the  coiirse  of  abscesses  and  to  modify 
the  surface  appearance  or  feel  of  deep  Rrowths.  A  lipoma  beneath  the  fascia  lata  niay 
apparently  have  the  densitv  of  a  malignant  gro«th.  A  psoas  abscess  (page  14,1), 
after  it  has  folloued  the  nuiscle  under  and  below  Ponpart's  ligament,  usually  perfo- 
rates  the  sheath  and  the  fascia  lata  and  points  extemal  to  the  vessels  at  the  uppcr  part 
of  the  thigh  ;  but  after  escaping  from  the  sheath  it  mav  he  iinahle  to  penetrate  the 
iascb,  and  may  be  giiided  by  it  to  the  lower  third  of  the  thigh,  the  knee,  or  even  as 
low  as  the  teg  or  ankle. 

The  fascia  has  been  tom  or  woundcd.  and.  as  it  embraces  the  subjacent  muscies  so 
closely,  the  latter  have  bniged  through  the  opening,  appearing  on  the  surface  of  the 
Mgh  as  rounded  elevaiions  varying  in  size  and  tension  with  the  position  of  the  limb. 
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Rupture  of  the  fascia  has,  in  recorded  instances,  been  associated  with  rupture  of 
the  ilio-psoas,  the  rectus,  and  the  biceps  femoris.  The  outer  and  inner  intermuscular 
septa  (page  636)  are  of  less  surgical  importance  than  the  corresponding  structures  in 
the  arm,  and  have  but  Httle  effect  in  limiting  or  determining  the  course  of  a  cellulitis 
or  an  abscess. 

On  the  outer  side  of  the  thigh,  riinning  from  the  forcpart  of  the  crcst  of  the  iliiim 
above  to  the  outer  tuberosity  of  the  tii)ia  and  the  head  of  the  fibula  below,  is  the 
thickening  of  the  fascia  lata  kno\vn  as  the  ilio-tibial  band,  the  dense,  glistening  iibres 
of  which  bridge  over  the  supratrochantcric  space  betueen  the  summit  of  the  trochan- 
ter  and  the  iliac  crest.  Normally  at  this  point  the  band  offers  distinct  resistance  to 
pressure  with  the  tingers.  In  fracture  of  the  neck  of  the  femur,  with  shortening,  it 
must  be  relaxed  and  less  rc^sistant  (Allis),  and  this  sign  is  of  especial  value  in  obscure 
cases  of  impacted  fracture  of  the  neck  in  which  crepitus,  preternatural  mobility,  and 
other  of  the  conventional  symptoms  of  fracture  are  lacking  (pages  364,  367,  390). 

The  relations  of  the  muscles  about  the  hip  to  dislocation  (Figs.  395,  396,  [>ages 
377»  378)  and  to  hip  disease  (page  381)  have  been  described.  Suppuration  affecting 
the  iliacus  or  the  ilio-psoas  has  also  been  dealt  with  (  pagc38i ). 

Strains  of  the  ilio-psoas  muscle  are  not  infrequent,  and  may,  especially  in  chil- 
dren,  give  rise  to  a  niistaken  diagnosis  of  hip-joint  disease.  In  sprains,  houever, 
the  movements  of  the  joint  that  do  not  aflect  the  ilio-psoas  will  be  painless  and  most 
of  the  other  anatomical  symptoms  ( page  3H0)  w  ill  be  al)sent. 

The  extensive  bursa  bet\vccn  the  capsule  of  the  hip-joint  and  the  ilio-psoas 
muscle  {ilio-psoas  bursa)  may  enlarge  and  become  visible  at  the  front  of  the  thigh 
below  the  middle  of  Poupart's  ligament.  The  thigh  \vill  be  found  fiexed  from  reflex 
irritation  of  the  ilio-psoas  and  to  lessen  pressure  on  the  bursa  (page  381).  As  the 
latter  not  infrequently  communicates  with  the  hip-joint,  infectious  disease  of  one  may 
extend  to  the  other. 

The  adductors  are  also  often  strained  or  oven\orked,  particularly  during  horse- 
back  exercise,  and  are  sometimcs  sprained  or  stretchcd  close  to  their  pelvic  origins. 
The  latter  injury  may  result  in  a  sclerosis  of  one  of  the  adductor  tendons,  possibly 
going  on  to  true  ossification,  and  producing  a  condition  seen  oftenest  in  cavalr>'inen, 
and  known  as  **  rider's  bone.** 

Fractures  of  the  femur  situated  below  the  neck  (page  363)  and  above  the  con- 
dvles  (page  366)  are  much  infiuenced  by  muscular  action.  as  might  be  expected  from 
the  number  and  strength  of  the  muscles  concerned.  Three  of  these  fractures  may 
be  considered  in  this  relation  : 

1.  Fracture  just  belo\v  the  trochanters  (subtrochanteric  fracture).  This  is  one 
of  the  most  difficult  of  fcmoral  fractures  to  manage  because  of  the  flexion,  abduc- 
tion,  and  outward  rotation  of  the  upper  fragment,  caused  by  the  action  of  the  ilio- 
psoas,  the  gluteus  minimus  and  medius,  the  obturators,  quadratus,  pvriformis,  and 
gemelli.  The  lower  fragment  is  draun  upward  by  the  rectus,  gracilis,  tensor  fasciae 
latae,  and  siirtorius,  upward  and  in\vard  by  the  adductors,  upward  and  a  littlc 
backward  by  the  hamstrings.  In  the  trcatment,  elevation  and  al>duction  of  the  thigh 
— i.e.,  of  the  lower  fragment — are  often  resorted  to  for  obvious  reasons. 

2.  F^racture  of  the  middle  of  the  shaft  is  vcrv  frequent  (page  365).  It  is 
usuallv  moderatelv  oblique  from  behind  do\vn\vard  and  for\iard.  The  upper  frag- 
ment is  almost  aKvavs  in  advance  of  the  lower  fragment  because  (a)  the  fraoturin^^ 
force  is  more  apt  to  be  applic^l  from  in  front  and  to  the  lo\ver  rather  than  the  upper 
part  of  the  thigh  :  (b^  the  \veight  of  the  limb  in  the  supine  position  would  favor  a 
posterior  position  of  the  lo\ver  fragment  :  (c^  the  ilio-psoas  tends  to  advance  the 
upper  fragment,  and  the  adductor  magnus  and  gastrocnemius  draw  the  lower  frag- 
ment some\vhat  backward  (I''ig.  (n^^.  There  is  oflen  a  forvvard  angulation  or  bow- 
ing  in  the  direclion  of  the  normal  mrve  of  the  femoral  shaft  (page  365),  thought  to 
be  dne  lo  the*  action  of  the  adductors  \vhich  subtend  the  are  of  the  cur\'e. 

Thr  shortening  is  produred,  as  usual,  by  the  muscles  nmning  from  the  pel\i5 
to  thr  ih\\i\\  and  K-g. 

3.  l''r;n'turc  ]\\<X  above  the  condvles  (supracondvlar  fracture).  This  is  usuallv 
th<*  nsnlt  of  scMTr  injurv  or  of  dirrrt  violence.  It  is  commonly  obliquc  from  be- 
hinil  for\vanl  and  (lo\vn\vard.     The  fracture  lakes  plače  at  about  the  point  of  junction 
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ol  the  compact  tissue  of  the  shaft  witli  the  cancellated  tissue  of  the  e 
extreniity.  It  is  from  one  lo  two  inches  higher  than  the  epiphyseal  line.  The  same 
backward  rotation  of  the  lo\ver  fragment  occurs  as  in  disjunction  ol  the  epiphysis 
(page  365),  anti  in  both  cases  from  the  action  of  the  gastrocnemius.  In  the  Jracture, 
howe%'er,  the  sharp  lower  end  of  the  upper  fragment  is  far  more  apt  to  project  ante- 
riorly  than  is  the  diaphvsis  in  cases  of  epiphyscal  disjunction.  It  is  not  infrequendy 
entangled  in  tibres  of  the  rectus  and  niay  tacerate  the  suprapatellar  synovial  pouch. 
The  difference  probably  results  from  the  charactcr  of  the  iracturing  force,  which  in  the 
epiphyseal  accident  is,  in  the  majority  of  cases,  hypere.\tension  of  the  leg  on  the 
thigh.  The  action  of  the  ilio-psoas  tends  to  advance  the  Iower  end  of  the  upper 
fragment,  but  must  be  feeble.  The  pectineus  slightly  and  the  adductons  qiiite  strongly 
draw  it  inward,  The  sliortening  is  produced  by  the  hamstrings,  rectus,  sartorius, 
etc.  The  most  difficult  element  of  the  deforTnity  to  do  away  with  is  the  jKisterior 
rotation  of  the  lower  fragment,  which  may  also  result  in  serious  pressure  upon  or 
iniury  to  the  popiiteal  vessels  and  nerves.  In  setting  such  a  fracture  it  may  be  neces- 
sary  10  relax  the  chief  muscies  concemed  by  fiexing  the  thigh  to  a  right  angle  with 
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the  pelvis  to  relax  the  ilio-psoas,  dra»ing  the  knee  Inivard  a  litde  to  relax  the  ad- 
ductors,  and  flexing  the  leg  on  the  thigh  to  relax  the  gastrocnemius,  and  then  to 
make  extension  by  mt-.ins  ol  the  forcarm  placed  in  the  liam.  Not  uncommonly  the 
displacement  recurs  so  obstiiiatdy  that  it  becomes  necessary  to  trcat  the  čase  with 
the  1^  fully  flexed  on  the  thigh,  and  even  to  divide  the  tendo  Achillis. 

3.  The  Knee. — The  skin  over  the  front  of  the  knee  is  dense,  coarse,  and 
loose,  qualitie9  that  diminish  the  gravity  of  the  frequent  injuries  to  the  integument 
itself  and  also  serve  to  protect  the  underlying  joint,  ' '  especiallv  in  stabs  with  bluntish 
Instruments"  (Trevcs)  and,  in  bet,  in  many  forms  of  accident  in  which  the  free 
movement  of  the  skin  o\'er  the  subjacent  structures  serves  to  make  the  application  of 
force  to  the  latter  miich  less  direct. 

In  hiU  flexion  the  skin,  in  s|>ile  of  its  laxity,  is  drawn  tenselv  over  the  patella, 
and  a  fall  may  result  in  an  extensive  wound. 

The  relation  of  the  cutaneoiis  ner\es  and  vessels  over  the  knee  to  those  siippiv- 
B^thearticulation  should  l)c  studicd  in  conncction  »ith  the  common  application  of 
counterirritants  or  of  blisters  to  the  rcgion. 
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The  quadriceps  tcndon  is  scparated  from  the  fcmur  by  a  large  bursa,  which,  in 
froni  70  to  80  pcr  cent.  of  cases,  communicates  with  the  knee-joint  and  niay  be  in- 
volved  in  its  disva!ic&  When  separate  from  the  joint  and  distended  bj'  eflusion,  it 
inay  bc  mistaken  fur  synovitis  of  the  knee,  but  the  patella  will  not  be  floated  up  and 
the  concavities  at  either  side  of  that  bune  and  those  at  the  sides  of  the  ligamcntum 
patellie  will  not  be  effaced. 

The  prejiatellar  bursa,  scparating  the  patella  from  the  skin.  is  frequently  cnlarg«d 
in  persona  who  si)end  niuch  time  kneeling, — "  housemaid's  knee." 

The  bursa  l>ctwceii  the  ligitnientuni  patella^  and  the  lubercle  cf  the  tibia  niay  be 
enlarged  or  iiiflaincd,  and  is  theii  apt  to  be  painful  on  account  of  its  compression 
bctween  two  non-distensible  structures,  the  bone  and  the  li^ment.  The  littlc  pad 
of  fat  ( page  400)  between  the  tubercle  and  the  ligament,  which  protmdes  at  the  sides 
of  the  latter  when  the  quadriceps  esiensor  is  In  iiction  (page405),  shouldnotbe  mis- 
taken for  enlargcment  of  this  bursa. 

Posteriorly — iiver  the  hani — the  skin  is  thinner  and  less  movable.  Tbe  deep 
fascia — bere  the  popliteal  fascia — is  dense  and  e.xerts  marked  oltstruction  to  the  e.\ten- 
sion  (if  aljscess,  gro\vth,  oraneurisni  tou-ards 
the  siirface,  in  this  U'ay  caustng  severe  pain 
from  the  pressure  iipon  the  nerves  that  run 
through  the  s[)acf.  As  the  latter  is  open 
above  an<i  l>dow,  abscesscs  may  estcnd  in 
lis  either  direction. 

I'us  or  infection  niay  be  guided  lo  ihe 

suhlascial  region  in  the  ham  from  the  p<.-l\'is 

or  the  butinck  by  the great  sciatic  nerve.  or 

from  the  thigh  by  the  femoral  vessels,  or 

isurtares    irinn  tlie  Ifg  hy  the  short  saphenous  vein. 

or  by  ihe  tkepcr  vessels  and  the  lymphatics. 

The  relations  of  (he  fascia  and  musclcs 

of  tiic  ihigh  to  tlic  patella  and  the  knee- 

'("I^aimi"    j*''"^  and  to  their  injuries  and  diseases  ha\-e 

i  ur  kil«-    been  sufficiintly  descrit)ed  (Figs.  424—430. 

pages  409-418). 

The  hanistring  tendons  are  not  infre- 

quently  divided,    as,    for   reasons    already 

•f  inctun  ol  iMitila.  given,  ankylosis  of    thc  knee-joint  is   usu- 

ally  in   the  posilion  of  flexion  (pagc  412). 

.■ery  tense  »hen  the  pelvis  is  strongly  flexed  on  the  thigh,  the  knee 


Thev  ar. 


They  ; 


niptiircd  if   e.xcessive  force  is  applied  und«r 


remaining  cMinded, 
these  circuinstances. 

The  bicejiB  tendon  is  easily  felt  on  the  outer  side  of  thc  ham,  with  the  peroneal 
nerve,  niso  readily  palpable,  Iving  against  its  inner  and  ix>stcrior  border.  At  the  inner 
side  of  the  ham  the  semitendinosus  tendon  is  nearer  the  niid-line,  nearer  the  surfcice. 
more  e:isily  i>utlin<-<l,  thinner.  and  more  eord-like  than  the  scmimembranosus  tendon, 
which  is  the  most  deejJv  sitiiated  nf  the  three  hamstrings.  The  line  for  dividii^ 
these  tendons  is  pn-ferablv  a  little  alHive  the  le\el  of  the  knee-joint  and  about  opposite 
the  most  salient  i>arts  of  the  femoral  condyles. 

In  the  |ii)|>liteal  ri-gion  there  are  sevenil  burs;e  i  (a)  the  largest  is  belwwn  the 
inner  head  of  the  g:istrocneinius  aml  the  scmimembranosns  and  the  inner  condyle  ol 
thi-  femur,  exteniiing  (lownwanl  to  the  inner  tibial  liiK-rositv  and  even  as  low  as  the 
upper  mai^iir  of  llie  pi.pliteus  :  it  commnnicates  with  the  joint  in  jo  per  cent.  or 
more  of  ciises  f  FiMuli.r.  CrnlM-r^;  id)  a  smaller  bursa  is  found  betneen  thc  semi- 
memliranosiis  anil  tht-  intcrriiil  tiil>irnsity  of  the  tibia.  ci>mmunicating  usuallv  wilh 
thi- ;il"iiv<-il<-srribc(l  luirsa.  l'"\li-riiallv  ihere  are:  (r)  a  bursa  betw-ecn  the  lateral 
lii;:uni-nt  :uv\  the  tendon  of  the  ]iojiHteus  :  U/ )  a  bursa — a  diverticulum  of  the  syix>- 
vi.il  tn.niliniii.-  nf  the  knee  '  Nanercilo— lntvM-en  the  same  tendon  and  the  exteni»l 
tibial  lub>-n>sity  ;  (f)  a  Imrsa  iM-tueen  the  extirnal  lateral  ligament  and  the  biceps 
tindon.  in  iliisi-  n-latinn  to  the  i-xternal  po]iliteal  nerve  :  aud  (/)  a  bursa  belueen 
th<-  <inter  hca<l  of  the  ga.striHiieniius  and  the  e\iernal  condvle  of  the  femur. 
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Nancrede  says,  that  of  the  six  popliteal  bursae,  one — the  subpopliteal  (^d) — 
always  communicates  with  the  joint,  and  occasionally  with  the  upper  tibio-ftbular 
joint  (Gruber)  ;  one — that  between  the  gastrocnemius  and  the  semimembranosus 
(a) — generalljr  does  so  ;  and  one  (r)  occasionally  does  so. 

Enlargement  of  these  bursse  leads  to  stiffness  and  disability  in  the  use  of  the 
knee.  Extension  niay  be  painful  and  may  show  the  presence  of  a  tense,  rounded, 
fluctuating  swelling.  This  will  usually  be  at  the  inner  side  of  the  popliteal  region, 
because  the  bursa  beneath  the  gastrocnemius  and  semimembranosus — the  largest  of 
the  bursae — is  the  one  most  often  enlarged. 

It  may,  on  account  of  the  transmitted  pulsation,  be  mislaken  for  an  aneurism, 
but  should  be  distinguished  by  the  facts  that,  if  due  to  bursal  enlargement,  the  swell- 
ing — unlike  that  of  aneurism — may  («)  lessen  or  quite  disappear  when  the  knee  is 
slighdy  flexed,  the  narrow  passage  between  the  bursal  sac  and  the  joint  being  com- 
pressed  when  the  posterior  ligament  is  tense  and  patulous  when  it  is  relaxed  ;  (^) 
reappear  slowlyand  not  almost  instantly  ;  (r)  become  tenser  and  more  prominent  on 
full  extension  ;  {d )  will  have  a  transmitted,  not  an  expansile  pulsation  ;  and  (^) 
will  be  unaffected  as  to  bulk  by  digital  compression  of  the  femoral  arterv. 

A  popliteal  lipoma — the  only  other  condition  likely  to  be  confused  \vith  a  non- 
suppurating,  enlarged  bursa — occupies  no  definite  positionin  the  ham,  has  nosharply 
defined  outiine,  undergoes  littie  or  no  increase  of  tension  when  the  leg  is  extended, 
and  is  apt  to  have  attachments  to  the  deep  surface  of  the  skin  (Nancrede). 

THE   CRURAL   MUSCLES. 

The  crural  muscles  are  primarily  inserted  into  the  bones  of  the  leg  or  into  the 
tarsus,  but,  like  the  antibrachial  muscles,  many  of  them  have  been  extended  into 
the  foot  and  act  upon  the  digits. 

The  crural  fascia  is  a  strong  aponeurotic  sheath  investinj^^  the  muscles  of  the 
leg,  at  the  knee  being  continuous  with  the  fascia  lata  and  bclo\v  \vith  the  fascia  of 
the  foot.  Over  the  extemal  and  internal  malleoli  and  along  the  entire  inner  surface 
of  the  tibia  the  fascia  blends  with  the  subjacent  periosteum  ;  from  the  last  of  these 
attachments  a  deep  layer  is  given  of!  which  passes  across  to  the  fibula,  between  the 
superficial  and  deeper  muscles  of  the  back  of  the  leg.  That  portion  of  the  fascia 
which  covers  the  muscles  of  the  front  of  the  le^  is  exceedingly  strong,  but  it  is 
thinner  over  the  calf.  The  upper  part  of  its  posterior  portion  is  somewhat  thickened, 
and  forms  part  of  the  roof  of  the  popliteal  space.  Below  the  fascia  is  strengthened 
bv  transverse  fibres  which  form  bands  that  bind  down  the  tendons  passing  over  the 
ankle-joint. 

Of  these  bands  two  are  situated  upon  the  anterior  surface  of  the  ankle-joint, 
together  forming  the  structure  termed  the  anterior  amtular  ligament  (Fig.  623). 
The  upper  or  vertical  portion  of  this  (liji^amentuiii  transversum  cniris)  extends  trans- 
versely  across  between  the  lower  ends  of  the  tibia  and  fibula,  a  littie  above  the  ankle- 
joint  The  space  beneath  this  band  is  divided  by  a  partition  into  two  compartments, 
the  more  lateral  of  which  contains  the  extensor  longus  hallucis  and  the  extensor 
longus  digitorum,  enclosed  by  separate  svnovial  sheaths,  while  the  more  medial  one 
contains  the  tibialis  anticus.  The  lower  or  horizontal  portion  o\  the  ligament  (liga- 
meotum  cniciatum)  is  Y-shaped.  Externally  it  is  attached  to  the  outer  surface  of 
the  calcaneum  and  passes  inward,  enclosing  the  tendons  of  the  extensor  longus  digi- 
torum, and  then  divides  into  two  limhs,  the  upper  of  \vhich  passes  up\vard  and 
inward,  over  the  tendons  of  the  extensor  longus  pollicis  and  the  tibialis  anticus,  to 
be  inserted  into  the  inner  malleolus,  just  below  the  medial  end  of  the  ligamentum 
transversum.  The  iower  limb  passes  do\vn\vard  and  invvard  to  be  attached  to  the 
inner  border  of  the  plantar  fascia. 

On  the  posterior  surface  three  bands  occur.  T\vo  of  these  ser\'e  to  bind  down 
the  tendons  of  the  peroneus  longus  and  hrevis  as  thev  pass  behind  the  external  mal- 
leolus, together  fonning  the  lateral  annular  ligament  fretinacula  mm.  peronaeonim). 
The  upper  band  extends  do\vn\var(l  and  backuard  from  the  outer  malleolus  to  the 
calcaneum,  while  the  lo\vcr  one,  arising  from  the  calcaneum  at  the  point  at  \vhich 
the  outer  end  of    the  cruciate  ligament  is  attached,   extends  back\vard  over  the 
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peronval  tendons  to  be  attachcd  to  tlie  tiiberosity  of  ihe  same  bone,  The  other 
band,  thc  intcrnal  annular  liganunt  (ligainentuni  lacinlatumj  passes  downward  and 
backward  from  the  inner  niallirolus  to  the  calcaneum,  bridgin^r  ovcr  a  groove  which 
is  dividcd  into  four  coiii|iartmcnt!i  by  partitions  extending  from  the  li^amcnt  to  the 
subjacunt  bonv.  The  iniiermosl  of  thesc  cotnpartments  is  occupicd  by  thc  postt^rior 
tibial  niuscie  ;  ihc  secoii<l  one  contains  ihc  teiidoii  of  ihe  flcx<>r  longus  digitorum  ; 
the  third,  the  posterior  tibial  vcsscls  and  ntrve  ;  and  the  outurmost,  the  tendon  <rf 
the  flcxor  longus  hallucis. 

F'rom  the  deep  suriace  of  that  portion  of  the  crural  fascia  which  covera  the 
peroneus  longus  and  brcvis  two  strong  cxpansions  of  connective  tissue  pass  deepljr. 


Eilentor  lon(n» 


Eirlem.  intenuiucular 


one  in  front  ol  and  one  behind  the  musclcs,  to  l)e  attached  to  the  fibula.  These  are 
the  anierior  and poskrior  intirnmseular  scpta ;  tliey  serve  for  the  origin  of  portions 
of  the  adjacent  iiiiiscles. 

In  regions  in  which  tlic  crurid  fascia  is  adherent  to  subjacent  bony  structures  a 
niiinb4.T  of  siibcutaneous  bursa  occur  bctween  thc  dcep  fascia  and  the  integiimeni. 
Thus,  over  the  patella  there  is  usually  to  lx;  Inund  a  bursa  (bursa  prepatellaris  sab- 
cotaava) ;  occasionally  one  (bursa  pre|>3tel1aris  subfaRCialis )  occurs  between  the 
patella  and  the  fascia.  Another  (bursa  ii]rra])atellaris  subcutanea)  frequently  lies  o\-er 
thc  ligamcntum  patella',  and  immediately  l>elo\v  it  the  bursa  subculana  tuberosllatis 
tibiai;.  Agatn.  nver  each  malleohts  a  bursa  olten  cxists  (bursae  malleoli  later«1is  ct 
medlalis);  (inallv,  a  bursa  frc(iuently  occurs  over  the  tendo  Achillis  at  its  inseitkm 
into  the  tuberosit/  of  thc  calcani-um  (bursa  subcutaaea  tendioia  calcanei). 


(a)  THK  l'RE-AXIAL  MUSCLEa 

As  is  the  casc  with  thc  aniibrachial  pre-axial  muscies.  those  of  the  crus  are 
primarilv  arranged  in  three  lavers,  the  most  superticial  sheet  bcing  attached  above 
to  thc  rondvh^  of  the  femur/for  the  most  part  to  thc  oiiter  one.  A  fiirther  simi- 
laritv  to  the  arrangement  in  the  forcarm  is  to  bc  fimnd  in  the  continuation  of  tbe 
musclcs  of  thc  middle  layer  into  thc  loot,  to  act  as  flexore  of  the  digits. 
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(aa)  Thk  SuPERFiciAL  Laver. 

I.   Gastrocnemius.  2.   Soleus. 

3.   Plantaris. 

The  main  mass  of  the  calf  of  the  leg  is  formed  by  two  muscles,  the  gastroc- 
nemius and  the  soleus,  which  unite  below  in  a  common  tendon,  the  ifi^ndo  Achillis 
(tendo  calcaneus),  inserted  into  the  posterior  surface  of  the  tuberosity  of  the  calca- 
neum,  a  bursa  (bursa  tendinis  calcanei;  intervening  between  the  tendon  and  the  upper 
part  of  the  tuberosity.  Since  the  gastrocnemius  arises  by  two  heads,  these  two 
muscles  together  are  sometimes  spoken  of  as  the  triccps  sura, 

Gastrocnemius  (Fig.  618). 

Attachments. — The  gastrocnemius  takes  origin  by  two  heads.  The  outer 
head  arises  from  the  posterior  surface  of  the  femur,  just  above  the  lateral  condyle, 
by  a  short.  strong  tendon  which  sometimes  contains  a  sesamoid  cartilage  ;  the  inner 
head  arises  also  by  a  short  tendon  just  above  the  medial  condyle  of  the  femur. 
Above,  the  two  heads  are  separated  from  each  other  by  a  groove,  but  below  they 
unite  to  form  a  thick  belly,  the  fibres  of  which  pass  o  ver  into  a  broad,  fiat  tendon 
inserted  below  with  the  tendo  Achillis. 

Nerve-Supply, — By  the  internal  popliteal  (tibial)  division  of  the  greater  sciatic 
nerve  from  the  first  and  second  sacral  nerves. 

Action. — To  extend  the  foot  and  to  assist  in  fiexing  the  knee-joint. 

Relations. — The  gastrocnemius  is  in  relation  by  its  posterior  surface  with  the 
short  saphenous  vein  and  nerve.  On  its  deep  surface  it  is  in  contact  with  the 
plantaris  and  soleus  muscles  (Fig.  617),  and  in  its  upper  part  with  the  capsule  of 
the  knee-joint,  the  popliteus,  and  the  popliteal  vessels  and  nerves. 

A  bursa  (bursa  m.  gastrocnemii  medialis)  intervenes  bet\veen  the  inner  head  and 
the  capsule  of  the  knee-joint,  with  the  synovial  cavity  of  which  it  is  frequently 
continuous ;  the  bursa  m.  gastrocnemii  latcralis  frequently  presents  similar  relations  to 
the  outer  head. 

Variations. — Absence  of  the  entire  muscle  or  of  the  outer  head  has  been  observed,  but  the 
most  frequent  anomaly  is  the  occurrence  of  a  third  head  which  arises  from  some  portion  of  the 
popliteal  surface  of  the  femur. 

2.    Soleus  (Fig.  619). 

Attachments. — The  soleus  is  a  broad,  flat  muscle  which  arises  from  the  head 
and  upper  posterior  portion  of  the  fibula,  from  the  oblique  line  of  the  tibia,  and  from 
a  tendinous  arch  which  passes  across  bet\veen  the  tibial  and  fibular  origins.  Its 
fibres  pass  downward  to  a  broad  tendon  \vhich  joins  with  the  tendo  Achillis  below. 

Nerve-Supply. — By  the  internal  popliteal  (tibial)  division  of  the  greater  sciatic 
nerve  from  the  first  and  second  sacral  nerves. 

Action. — To  extend  the  foot. 

3.    Plantaris  (Fig.  619). 

Attachments. — The  plantaris  is  a  small  spindle-shaped  muscle  which  passes 
over  into  a  long,  slender  tendon  extending  downward  between  the  gastrocnemius 
and  soleus.  The  muscle  arises  from  the  femur,  just  above  the  outer  condvle,  internal 
to  the  lateral  head  of  the  gastrocnemius,  and  from  the  adjacent  part  of  the  posterior 
liganient  of  the  knee-joint.  The  tendon  traverses  almost  the  entire  length  of  the  leg 
and  b  inserted  either  into  the  tubcrositv  of  the  calcaneum  along  with,  but  to  the 
inner  side  of,  the  tendo  Achillis,  sending  also  some  fibres  to  the  internal  annular  liga- 
ment,  or  into  the  tendo  Achillis  itself. 

Nerve-Supply. — Hy  the  internal  popliteal  (tibial)  division  of  the  greater  sciatic 
nerve  from  the  fifth  lumbar  and  first  sacral  ner\'es. 
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Action. — To  assist  in  extending  the  foot  and  to  tense  the  crural  fascia  at  the 
ankle-joint 

Variations. — The  plantaris  is  absent  in  about  7  per  cent.  of  cases.  Its  insertion  may  be 
into  the  calcaneum,  the  tendo  Achillis,  the  crural  fascia,  or  even  into  the  plantar  aponeurosis. 

(dd)  The  Middle  Laver. 
I.   Flexor  longus  digitorum.     2.   Flexor  longus  hallucis. 

I.    Flexor  Longus  Digitorum  (Figs.  620,  628). 

Attachments. — ^The  long  flexor  of  the  toes  (m.  flesor  digitorum  longus)  arisčs 
from  almost  the  whole  of  the  posterior  surface  of  the  tibia  below  the  oblique  line  and 
from  the  deep  surface  of  the  deep  layer  of  the  crural  fascia.  Its  fibres  converge  in  a 
bipinnate  manner  to  a  tendon  which  passes  laterally  to  the  tendon  of  the  tibialis 
anticus  beneath  the  internal  annular  ligament,  and  so  reaches  the  plantar  region  of 
the  foot.  There  it  is  directed  somewhat  laterally,  recciving  the  insertion  of  the  fiexor 
accessorius,  and  divides  into  four  tendons  which,  i>assing  through  the  divided  ten- 
dons  of  the  flexor  brevis»  are  inserted  into  the  base  of  the  third  or  distal  phalanx  of 
the  second,  third,  fourth,  and  tifth  toes. 

Nerve-Supply. — By  the  posterior  tibial  nerve  from  the  fifth  lumbar  and  first 
sacral  nerves. 

Action. — ^To  fiex  the  second,  third,  fourth,  and  fifth  toes  ;  continuing  its  action, 
to  extend  the  foot  and  to  cause  slight  inversion  of  the  šole. 

Relations. — In  the  leg  (Fig.  617)  the  fIexor  longus  is  covered  by  the  soleus 
and  has  resting  upon  it  the  lower  pgrtions  of  the  posterior  tibial  vessels  and  nerve. 
It  rests  upon  the  tibialis  posticus,  crossing  it  obliquely  in  the  lo\ver  part  of  the  leg. 
In  the  foot  its  tendons  are  covered  by  the  fIexor  brevis  digitorum,  and  pass  between 
the  two  terminal  slips  of  the  tendons  of  that  muscle  over  the  first  phalanges.  Its 
tendon  is  also  covered  by  the  abductor  hallucis,  and  crosses  obliquely  the  tendon  of 
the  fIexor  longus  hallucis  and  the  oblique  portion  of  the  adductor  hallucis.  The 
lumbricales  take  their  origin  from  its  tendons,  and  it  receives  the  insertion  of  the 
flexor  accessorius. 

Variations. — KJUxor  digitorutn  longus  accessorius  is  occasionally  found  arising  inde[>en- 
dently  from  the  tibia  or  from  the  fibula  and  joining  the  tendon  of  the  long  flexor  below,  or  else 
uniting  with  the  flexor  accessorius. 

2.  Flexor  Longus  Hallucis  (Figs.  620,  628). 

Attachments. — The  long  fIexor  of  the  great  toc  (m.  fle.\or  hallucis  longus)  arises 
from  the  posterior  surface  of  the  fibula,  from  the  posterior  intermuscular  septum, 
and  from  the  deep  surface  of  the  deep  laver  of  the  crural  fascia.  Its  fibres  converge 
bipinnately  to  a  tendon  \vhich  passes  beneath  the  internal  annular  ligament,  pos- 
terior to  the  posterior  tibial  vessels  and  nerve,  and  so  enters  the  plantar  surface 
of  the  foot.  There  it  passes  beneath  the  tendon  of  the  flexor  longus  digitorum, 
to  which  it  sends  a  slip,  and  continues  distally  to  be  inserted  into  the  base  of  the 
distal  phalanx  of  the  great  toe,  passing  between  the  flexor  brevis  hallucis  and  the 
Arst  plantar  interosseous. 

Nerve-Supply. — By  the  posterior  tibial  ner\'e  from  the  fourth  and  fifth  lumbar 
and  first  sacral  ner\'es. 

Action. — To  flex  the  hallux  and  exten(l  and  slightlv  supinate  the  foot. 

Variations. — The  principa!  variations  of  ihe  flexor  longus  hallucis  concem  its  union  \vith 
^he  tendon  of  the  flexor  longus  digitonim.  The  passage  of  a  slip  iHftut^tn  the  tuo  tendons  is 
^x>nstant,  but  its  distribution  to  the  tentlons  of  the  flexor  digitonim  varies  considcrahlv.  l'sually 
it  separates  into  tuo  slips  \vhich  jviss  to  the  tendons  for  the  seronil  and  third  toes,  but  itmav  also 
^>ass  to  the  tendons  for  the  second,  third,  and  fourth  toes,  to  that  of  the  second  alone,  or  even 
1»  aH  the  tendons  of  the  flexor  longus  digitorum.  It  niay  also  completely  replace  the  tendon 
ljsually  passing  from  the  flexor  longus  digitorum  to  the  second  digit. 
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Doper  dlsHCtlon  ol  ri|[h(  teg.  ihoni 


(ublimis  di^itonim  and  floKor  lnn(>i]<i  pnllkis  of  the  forearm.  In  other  words,  these  ir 
represent  a  layer  of  miisclt^-tissue  uhicn  prim.irily  »rose  from  the  bonea  of  the  1^  and  « 
■encd  imo  the  deeper  layers  of  tht  plantar  aponcurusis.    Later  tendons  -<;«—-•—•-■-*  •— 
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plantar  aponeurosis  and  the  muscies  were  continued  to  the  digits.    The  sepamtion  of  the  HcKor 
nallucis  from  the  rest  of  the  muscle  toolc  plače  later,  and  even  yet  is  5omewhat  incumplete,  the 


^J^nectiorei  hetueen  its  iciulon  ^iiul  tliiit  of  ihe  flenor  longus  di)citorum  K-iiiR  indicntions  of  its 
^^'«opmeiital  hisloo". 


{ce)  Ths  Deep  Lavek. 

I.  Tibialis  poaticus.         2.   Flexor  accessorius. 
3.  Popliteus. 

I,  Tibialis  Posticus  (Fig.  6ai). 

Attachments. — The  posterior  tibial  (m.  tibialis  posterior)  arises  from  the  po>- 
terior  surface  of  the  interosseoua  membrane  and  from  the  adjacent  surface  of  both 
the  tibia  and  fibula.  Its  hbres  pass  into  a  tendon,  situated  along  its  inner  border, 
which  passes  obliquely  downw3rd  and  invvard  beneath  the  dexor  longus  di^tonim. 
It  is  continued  onward  bcneath  the  most  central  portion  of  the  interna!  annular  liga- 
ment  to  the  plantar  surface  of  the  foot,  where  it  is  inserted  into  the  tuberosiiy  of  the 
scaphoid  bone,  sending  prolongations  to  ali  the  other  tarsal  bones,  except  the  astra- 
galus,  and  10  the  bases  of  the  second,  third,  and  fourth  metatarsals. 

Nervc-Supply. — Iiy  the  posterior  tibial  nerve  from  the  lourth  and  fifth  lumbar 
and  first  sacral  ner\cs. 

Action. — To  e.\it'nd  the  foot  and  to  slight)y  invert  the  šole. 
Relations. — The  posterior  tibial  is  the  decpest  muscie  upon  the  posterior  sur- 
face of  the  leg.  It  is  covered  by  the  soleus  and  by  the  tlexor  longus  digitorum.  and 
has  resting  upon  it  the  iipper  portion  of  the  posterior  tibial  and  pcroneal  vessels  (Fig. 
617).  The  anterior  tibial  vessels  pass  through  the  interosseous  membrane  immedi- 
ately  above  the  origin  of  the  muscie.      A  l^irsa  sometimes  intervenes  between  its 

tendon  and  the  tuberositv  <^ 
Fig.  bii.  the  scaphoid  bone,   and  the 

teiulon  usually  contains  a  ses- 
amoid  cartilage  or  bone  where 
it  passes  over  the  head  of  the 
astragalus. 

Vmriation«.— A  portion  of  the 
muscie  is  sometimes  inserted  into 
the  intemal  annular  IJKament. 

A  muscie,  uhicn  has  been 
called  X\\f  percmeo-tibiaHs,  not  in- 
f  reguenti)'  extends  across  betwem 
Ihc  fibula  anil  tibia,  immediateljr 
bent^alh  the  tilno-fibular  artkruta- 
tion  and  abiive  the  anterior  tibia] 
vessels  ns  they  pa.ss  tuwards  the 
front  of  the  leš-  It  is  usually  ru- 
dimentar>'.  but  may  form  a  weU- 
marked  triangular  sheet. 

2.  Fi.ExoR  Accessorius 
(Fig.  628). 

D«p  >!i.«<-ii„„  .,( 1^,  ,h>,«ing  popiucui  muicie.  Attachments. — The  ac- 

ces.sory  f)exor  of  the  toes  { ■. 

<|uadratus  plantae)  arises  by  two  heads  Eroin  the  me<lial  and  inierior  surfaces  of  the 

calcaneum  and,    (ussing  dista!ly,    is   inserted  into  the  tendon  of  the  ffexor  longus 

digitorum, 

Nerve-Supply. — By  the  cxternal  plantar  ncrvc  from  the  first  and  second  sacral 
nervf-s. 

Action. — By  acting  on  ihelonj;  flcxor  tendons,  to  flex  the  second,  third,  (ourth.^ 
and  filth  toes,  and  to  a>unter;ict  the  obliqiie  puli  uf  the  long  flexor, 

Tlie  IU-xi>r  nrress.irius.  nllhnuch  .ipparcnilv  located  entirelv  in  the  foot.  ia,  ne\-erthela»,      a 

rniral  musck-.  sinit-  the  tt-ndim  of  ihi-  fl<xiir  tcini,iis  diptonim."  into  »hich  it  is  inserted,  repr^e 

-"i  has  alreiiily  tiecii  poiiiml  i>ul,  a  pnrtiim  of  the  plantar  aponeumnis.     Into  this  ma^^C 

'  ■'•"  lpe  ivere  primnrilv  inserttil.  anil  the  accessorius  represents  the  most  dltK^ 

'  ■"'  of  the  crural  musciilatiire. 
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3.    PoPLiTEUS  (Fig.  622). 

Attachments. — The  popliteus  arises  by  a  narrow  tendon  from  the  outer  con- 
dyle  of  the  femur  and  by  a  slip  from  the  posterior  ligament  of  the  knee-joint.  It 
passes  inward  and  downward  to  be  mserted  into  the  posterior  surface  of  the  tibia 
above  the  oblique  Hne. 

Nerve-Supply. — By  the  internal  popliteal  (tibial)  division  of  the  greater  sclatic 
nerve  from  the  fifth  lumbar  and  first  sacral  nerves. 

Action. — To  flex  the  leg  and  rotate  it  inward. 

Relations. — On  its  posterior  surface  it  is  covered  by  the  plantaris  and  gas- 
trocnemius,  and  it  is  crossed  by  the  popHteal  vessels  and  internal  popliteal  nerve. 
By  its  deep  surface  it  is  in  relation  to  the  cajjsule  of  the  knee-joint,  a  bursa  (bursa  m. 
poplttei)  intervening. 

Variations. — The  most  frequent  anomaIy  in  connection  with  the  popliteus  is  the  occurrence 
of  a  second  head,  which  arises  from  the  sesamoid  cartilage  of  the  lateral  head  of  the  gastroc- 
nemius.    The  occurrence  of  this  head  is  frequent]y  associated  with  the  absence  of  the  plantaris. 

{b)   THE  POST-AXIAL  MUSCLES. 

1.  Tibialis  anticus.  4.   Exten8or  longus  hallucis. 

2.  Extensor  longus  digitorum.  5.    Peroneus  longus. 

3.  Peroneus  tertius.  6.   Peroneus  brevis. 

Tibialis  Anticus  (Fig.  623). 

Attachments. — The  anterior  tibial  muscle  (m.  tibialis  anterior)  arises  from  the 
outer  tuberositv  and  surface  of  the  tibia  and  also  from  the  interosseous  membrane 
and  the  crural  fascia.  Its  fibres  extend  downward  to  a  strong  tendon  which  passes 
through  the  inner  compartment  of  the  anterior  annular  ligament  and  is  inserted 
into  the  inner  surface  of  the  internal  cuneiform  and  the  base  of  the  first  ir.e*:atarsal 
bone. 

Nerve-Supply. — By  the  anterior  tibial  nerve  from  the  fourth  and  fifth  lumbar 
and  first  sacral  nerves. 

Action. — To  flex  the  foot  ;  to  dra\v  up  the  inner  bordcr  and  hence  invert  the 
šole. 

Relations. — The  anterior  tibial  rests  upon  the  lateral  surface  of  the  tibia  and 
upon  the  interosseous  membrane,  and  is  in  contact  externally  with  the  extensor 
longus  digitorum,  the  extensor  longus  hallucis,  and  the  anterior  tibial  vessels  and 
nerve  (Fig.  617).  A  bursa  (bursa  subtendinea  m.  tibialis  anterioris)  intervenes 
between  its  tendon  and  the  medial  cuneiform  bone. 

Vviations. — Not  !nfrequently  a  bundle  is  detached  from  the  muscle  to  be  inserted  into  the 
anterior  annular  lig^ament,  into  the  dorsal  fascia  of  the  foot.  or.  in  some  cases,  into  the  astragalus. 
It  forms  what  has  been  termed  the  tibio-fascialis  anterior  or  tibio-astragalus. 

2.    ExTEXsoR  Longus  Digitorum  (Fig.  623). 

Attachments. — The  long  extensor  of  the  toes  (m.  extensor  digitoniin  longus) 
arises  from  the  external  condyle  of  the  tibia,  the  upper  part  of  the  fibula,  the  in- 
terosseous membrane,  the  intermuscular  septum,  and  the  crural  fascia.  Its  fibres 
pass  downward  and  terminate  at  about  the  middle  of  the  leg  in  a  tendon  which  })asses 
through  the  outer  compartment  of  the  anterior  annular  ligament  and  divides  into  four 
tendons  which  pass  to  the  second,  third,  fourth,  and  fifth  toes.  Over  the  metatarso- 
phalangeal  joint  of  its  digit  each  tendon  spreads  out  into  a  membranous  expansion 
which  covers  thfe  dorsum  of  the  first  phalanx  and  receives  the  insertions  of  the  inter- 
ossei  and  lumbricales,  and,  in  the  čase  of  the  second,  third.  and  fourth  toes,  those  of 
the  extensor  brevis  digitorum.  Distallv  each  membranous  expansion  divides  into 
three  slips,  of  which  the  middle  one  is  inserted  into  the  second  phalanx  and  the 
lateral  ones  into  the  third  phalanx  of  its  digit. 

Nerve-Supply. — From  the  anterior  tibial  nerve  from  the  fourth  and  fifth  lum- 
bar and  first  sacral  nerves. 

Action. — To  extend  the  second,  third,  fourth,  and  fifth  toes  and  to  flex  the  foot. 
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Relations. — By  its  dcep  surface  and  medially  the  muscle  is  in  rclation  with 
thc  c.itcnsor  longiis  hullucis,  medially  with  the  tibialis  anticus,  the  anterior  tibial  ves- 
.  .  sels  and  ncrve,  and  deeply  with  the 

deep  peroneal  nerve  above  and  the 
ankle-joint  below.  Laterally  it  is  in 
contact  with  the  peroneus  longus 
abo\e,  with  the  peroneus  tertius  bc- 
low,  and  with  the  musculo-cutaneous 
nen'e,  which  passes  downward  be- 
tween   it  and   the   peroneus    longus 

(Fig.  617). 

Vaiialioni, — Considerable  variatioD 
occurs  in  the  arrnnKement  of  the  teontnal 
tendons,  one  of  the  most  usual  departures 
from  the  typica1  condition  being  a  duplica- 
tion  of  the  tendon  to  one  or  more  of  the 
toes.  the  additional  tendon  ehher  pa^ng 
tO  the  same  di^it  as  its  fellow  or  to  an 
adjacent  one.  Occasionally  a  slip  passes 
from  Ihe  innermost  tendon  lu  ihai  of  the 
extensor  longus  hallucis.  and  slips  maj 
pasa  from  any  of  the  tendons  to  the  nietft- 
tareal  bones. 

3.  Peroneus  Tertius  (Fig.  623). 

Attachments. — The  peroneus 
tertius  arises  from  thc  loner  part  ot 
the  anterior  surface  of  the  fibula  and 
frnm  the  interosseous  membrane,  the 
intermuscular  septum.  and  the  cniral 
fascia.  At  about  the  level  of  the 
ankle  its  fibrcs  pass  over  into  a  ten- 
don which  continues  through  the 
latcral  compartment  of  the  anterior 
aniiular  Hgament.  together  nith  the 
tendon  of  the  extensor  longus  digi- 
tonim,  and  is  inscrled  into  the  base 
of  the  fifth  metatarsal  bone. 

Ncrve-Supply. — By  the  ante- 
rior tibial  ncne  ^om  the  fourth  and 
fifth  liimbar  and  first  sacral  nerves. 

Action. — To  flex  and  e%'en  the 
foot. 

Variation«, — The  peroneus  tertius  ia 
quiti.'  frLi)iienity  a>isent.  anti  is  usually  more 
or  Icss  closely  unittd  «ith  Ihe  exiensor 
km^iis  diRitonmi  above.  Its  tendon  some- 
tinii-s  spliLs  intu  tuu  porlions.  the  addittonal 
one  passiiiR  either  to  the  fifth  toe  or  to  the 
fourth  tnelalarsal. 

Noluithslnndinf;:  its  name,  which  has 
referenre  Ki  ils  ori^n  from  the  fibula, 
the  ^leronciLS  tertius  has  morphok^callr 
notliing  In  do  with  the  other  peroneal 
miis<-ifs,  bul  is  a  separated  portion  o(  the 
eMi-nsorlrinjnis  diRitonim.  whoseconnec- 
lioiis  uith  the  metatarsals  are  interestinc 
iti  lili  s  renard. 

4,    F..VTi:\soR  LoNcifs  HAi.i.ms  (Fig.  624). 
Attachments. — Thc  long  nr  pro|>tT  e.vtt-nsor  i>f  thcgrcat  toe  f  m.  ezteasor  ballodi 
htngusj  ariscs  fruni  the  iiincr  surface  of  tlie  fibula  and  from  thc  interosseous  membrane. 
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Its  tibres  are  collected  mto  a  tcndon  uhich  passes  through  the  middle  compartment 

of  the  anterior  annular  lij^ment  and  is  continued  distal]y  to  the  great  toe.    Over  the 

metatarso-phalangeal    joint 

it  spreads  out  into  a  mem-  Fig.  624, 

branous    expansion    which 

receives   a   tendon   of    the 

estensor  brevis    digilonim 

and  is  then  continued  dis- 

tal)y  to  be  inseried  into  the 

ia%X  and  second  phalanges. 

Nerve-Supply. —  B)- 
theanterior  tibial  nen-efrom 
the  fourth  and  fifth  lumbar 
and  first  sacral  nerves. 

Action. — To  extend 
the  great  toeand  fle.\  thefooL 

Relations. — The  ex- 
tensor  longus  hallucis  is  cov- 
ered  in  its  upper  part  by 
the  tibialis  anticus  and  the 
extensor  longus  d  i  gi  toni  m. 
Near  the  ankle  it 
obliquely  o\er  the 
tibial  artery  and  passes  upon 
the  fooi  betneen  the  ten- 
dons  of  the  e\tensor  longus 
digitonim  and  the  tibialis 
anticus,  internal  to  the  ar- 
teria  dorsalis  pedis. 

Vuiationa. — The  muscie 
i)  occasional)y  inserted  at  its 
ori^n  with  the  extenM)r  longus 
digitorum,  and.  in  additiun  to 
the  connections  which  mnv  ex- 
ist  between  its  tendon  ano  that 
ofthe  tonKextensor,  Ji  mav  aiso 
be  connected  wi(h  one  uf  the 
tendons  of  the  extensor  brevis 
digitorum. 

A  small  muscte  is  some- 
times  to  be  found  passinK  dowii- 
ward  akmeside  ol  ihe  exten.sor 
tM«vis  hallucis  to  be  inseried 
into  the  base  of  the  tirst  nietri- 
tan>al.  It  may  be  lernit:^  the 
abdaictar  Itmgus  hallucis,  »tid 
takes  its  oriKin  either  frorn  llie 
fibula  close  to  the  ori);i[i  of 
the  eittensorlont^is  hallucis,  ur 
frotn  that  muscie,  or  froni  Ihe 
eiiensor  longiis  di^iiorum  i>r 
the  tibialis  anticus, 

\Vhat  has  lieeii  li-nned  aii 
cxUitsor  brfvis  hallua!,  is  trt-- 
auentlv  represented  l)y  a  slip 
from  the  extensor  lonijas  Ivil- 
IncLs.  the  exlensor  lon>;us  digi- 
tonim, or  even  from  Ihe  liliialis 
anticus  insertinR  into  ihe  lMS(-iii 
the  firet  phalanx  of  the  h,i]liix, 

5.    Pi:KiiNi:rs  I.ONcrs  (Figs.  635.  62yy 
Attachments. — The  pcnmeus  longus  arisis  from  iho  Lip]>er  part  o(  the  lateral 
SUiface  of  the  libula  and  from  the  intermuscular  sei>ta 


aiid  crural  fascia.      Its  tibres 
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extend  obliqudy  d<»wriw;ir(i  to  :i  icndon  i 


hich  |xissL-3  behind  the  outer  malleoliis  and 
thtii  runs  forn-ard  in  a  groove  on  the 
ciilcuncum.  in  which  it  is  held  by 
tibroiis  bands  (retinacula  mm.  per»- 
DiicoTum).  On  thv  cul>oid  it  again 
cliaiiges  its  direction,  jiassing  upon 
the  piantar  snrCace  of  the  foot  in  a 
iip>n  tliat  bone  which  is  cov- 
L-re<l  in  by  the  iong  pbntar  liga- 
and  I  h  en,  ninning  obliqiiely 
tlie  fdot.  it  is  inseried  into  the 
iiilernal  cuneiform  nnd  the  base  crf 
the  first  mcUitarsal  iHine.  In  front 
of  the  tuber(isity  of  the  cuboid  the 
lendnn  iisuali)'  contains  a  sesamoid 
ca  rt  i  Lige. 

Nerve-Supply. — By  the  miia- 
culo-culiiiicons  ner\-e  froni  the  fourth 
and  liitl)  liitnbar  and  first  sacral  nerves. 

Action. — To  cxtend  the  fimt  and 
cvert  the  s,_.k-. 

Relations. — The  i>eroneus  lon- 
i^u-i  <>i  L  ii|ii<.-s  the  hileral  surlace  of  the 
liv  Ii^.  ''I7).  It  is  in  cnntact  pos- 
li ii..il\'  \\\\\\  tbe  soleiis  and  intemal1y 
hIiIi  lil'-  r  Meiisur  lon^jns  digitonim, 
jj.ir.ited  from  these  muscles  by 
theintemnisoiilarsepta.  The  musculo- 
ciitaneous  nerve  iKisses  through  the 
subslanccof  the upper part of  themus- 
clc and  is  t<inlimiitl  dounuard between 
the  peninens  Icmmis  and  the  extensor 
In  the  foot  the  ten- 

of  the  perontnis  lon^is  is  deeply 
pljitt.-d,  ri-siiiic  diri-ctly  uix)n  the  plan- 
tar  sLirfaces  rfi  tlie  cntx>id,  the  cxtemal 
( nnciforni,  anii  the  hises  of  the  second 
and  third  meiatarsul  tx>ncs. 


.   Pkromus  Bbkvis  (Fig.  624). 

Attachments. — The  pernneus 

e\is  lie^•  iKiK-ilh  the  ])eroncus  lon- 

nd  orisis  froni  the  louer  portion 

■f    the    Uttcral    siirfare   of    the    fibula 

mdfrom  tiie  interniuscular  sopta.    Its 

tibresjoin  a  tendon  nhich 

TMuiiinfFn    nasses  tK-hind  the  externa] 


md    ther 


ner\e  frum  the  fourth  and  lifth  In 


alimp  wit!i  the  ten- 
of  the  peroneiis  lon- 
In^neath  the  fibrous 
■i  nr  retinactila  to  be 
'vrted  into  the  tuheroa- 
<>f  the  (ifth  nietatarsal 


ii~.  Nerve-Supply. — By 

the     iiiuscuio  -  cutaneoui 
ikir  and  lirst  sacral  nerves. 
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Action. — To  extend  and  evert  the  foot. 


Vuiations. 
which 

ot  directly  iiito  that  di^i 
of  thc  peroneus  lonK:us, 
Ihe  PfroHfas  guinlus. 

A  peroneus  fuar/us,  «'here  dislinctness  froni  tlii-  (luintiis  seei 
i)  muscle  arisitig  froni  the  1ower  |>iirt  of  Ihe  fibula  and  inst-nJnt; 
0^ty  uf  the  cuMiid, 


off  froni  the  tendon  of  the  short  peroneus 

isor  loiigus  diipturuiii  pnssinK;  tu  the  fifth  toe 

ime  CHses  Ihe  slip  arises  froni  Ihe  b<;lly  trt  Ihe  muscle,  from  that 

froni  tlie  fibula  directly,  and  representi  what  lias  beeii  temied 
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The  plantar  fascia  r 
tissue  Iving;  immcdiately  bei 
covmnjt  the  pre-axial  mus- 
des.  It  is  attached  behind 
to  the  tuberosit)'  of  thi;  cal- 
caneiitti,  and  extends  dis- 
tallv  in  a  fan-like  manner  to 
beattached  bj-fiveproccsscs 
to  the  skin  over  the  nieta- 
tarso-phalangeal  jnints  of 
the  digits.  Thc  aponcuro- 
sis  is  inuch  thickcr  in  its 
middie  portion  than  at  the 
Hdes,  where  it  is  contimK-d 
dDr5ally  ovqt  tlie  sides  of 
the  (ooi  to  becomc  cmitinii- 
ous  niththe  fascia  of  the  dor- 
aum  of  the  foot  and  with  tlie 
cniral  fascia.  Bctween  its 
cutaneous  inscrtii>ns  trans- 
versc  bands  of  fibres  stn-tcb 
across  to  lorin  the  sirfirr- 
/cia/  transvirsf  metatarsal 
Ugament  (fasckuli  trans- 
Ttf^i ) ;  from  its  dccp  siir- 
face  strong  sheets  are  gii  en 
oii  which  pass  to  the  shoalhs 
<A  the  flesor  tenduns.  E\- 
pansions  are  also  }fi\cn  off 
Aom  its  decp  surface  n-hicli 
jnvesl  ihe  fle.tor  l»rf\is  dijji- 
torum  and,  on  eithor  sidc, 
ihe  abductcir  hallucis  and 
abductor  mininii  thi^iti. 

Bet\vcen  ihc  a|)i)[n.-u- 
Tosis  and  thc  inteiiiiiiimi 
over  the  inferinr  surface  of 
the  tuberositv  ot  the  calca- 
meum  a  biirsa  ( liiirsa  sulicu- 
tanca  calcaaeal  isconstantlv 


of 
ihe  foot  is  co\'ercd  l>v  thc  fascia  iloi-sali^ 
the  CTural  fascia  atx>ve.      It  cuvcrs  thc  Inr 


iheet  of  connective 
iiirface  of  the  foot  and 


Like  the  pre-a\ial 
derived  from  ti\'e  prirna 
modiAcation,  including  s< 


■  THK  l'KE-AXI,M,  MlSCI 
.des  ..t  the  hand,  ih.ise  nI 
avcrs.  «hiih  tiavc  undcri;' 


llic  fiiot  mav  bc  rcgarded  as 
me  a  cnnsidfiable  amouut  of 
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(aa)   The  Mcscles  of  the  First  Lavbr. 
Flexor  brevis  digitorum.         3.  Abductor  hallucis. 


3.  Flexor  brevis  hallucis. 


4.  Abductor  n 


li  digiti. 


1.    Flexor  Brevis  Digitorum  (Fig.  627). 
Attachments. — The  shoit  flcxor  of  the  tocs  (m.  llexor  diKltomm  brevis)  arises 
from  the  inner  procesii  of  the  calcaneal  tuberosilj'  and  from  the  plantar  aponeurosis. 
It  extend$  distally,  beneath  the  aponeurosis,  as  a  thick  quadrangular  muscle,  the 

fibrt-s  of  which  are  coUected 
Fio.  637.  over   the   metatarsal    bones 

into  fuur  tendons  nhich  pasa 
to  the  second,  third,  fourth. 
and  filth  toes.  Over  the 
first  phalanx  of  the  tuc  each 
tendon  di\ides  into  t»o  ter- 
minal slips,  bettteen  nhich 
the  coiTesponding  tendon  of 
the  f1exor  lon)^s  digitorum 
pas^es  and  whtch  are  1«- 
scTtfd  into  the  second  pha- 
lanx. 

Nerve-Supp1y. —  By 
the  interna!  plantar  nerve 
from  the  fourth  and  fifth 
lunibar  and  first  sacral 
ner\-es. 

To  flex  the 
fourth,  and 


Action,- 
second,  third, 
lifth  tocs. 


Variation*.— The  mo«  fie- 
auent  variation  in  this  muscle  is 
the  flbsence  of  the  tendon  to 
the  tifth  toe.  an  absence  which 


whal  o 


!i  per 


SuperlirLil  miiiirlF" 


ined.    Some- 

timts  the  lendon  is  replaced  l^- 

,      .^        a  slip  or  muscle  whH:h   arises 

\\m\  leii-      frum  ihe  tendon  of  the  flexor 

longiis  di^torum. 

The  I1cx(ir  l)revis  repre- 

sents  the  middfe  piinion  of  ihe 

r  trijilon*     su[>erficial  flex<)r  laycr,  and  cor- 

^"'  rosiMinds,  accordingly.    to  the 

lenninal  portions  crf   the  ten- 

donii  uf  Ihe  l1exor  siit>lin)is  of 

irpv  iilj(i-    *'"^  l'and.   lis  ori^in  is  primarily 

\.-nAtii\         from   the  plantar  apjneunisis. 

and  hf  nce  the  0ccas1on.1l  orifcin 

of  ihe  pi)njon  ior  the  fiflh  toe 

bccoines  intelligible.  since   the 

tenddii  of  ihe  nexiir  liineus  b 

a  diH<.Tenliatu)n  iif  Ihe  oeeper 

)ayer  of  the  aponeurosis. 


2.    Fi.EX(>R  Bkrvis  Halutis  CFiff.  6j8V 

Attachments.— Thi-  short  fJcsor  nf  tho  great   toe  i  ra.  fleior  halluds  brevis) 

ariifi  (mm  th<-  plantar  surfa<x-  i>f  the  intern.il  cuncifnrtn  Itoni-  and  the  adjacent  liga- 

m(.-nti>ns  striictiires.      Its  tihri-s  jkiss  distallv  tn  a  tendon  which  cnntains  a  sesamoid 

l»inr,  and  is  inscrlid  inlu  tlit  inni-r  surface  of  the  kise  n(  the  first  pli.ilanx  ot  the 


Nerve-Supply. — By  ihi'  inturnal  pl.-intar  r 
Action. — To  flex  the  gri.ai  toe. 


xe  from  the  fourth  lutnfaar  nen*e. 
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Vaiiation«. — The  i1exor  brevis  hallucis  is  frequently  intiinate)y  fused  with  the  abductor 
hallucis. 

A  portion  of  ihe  deeper  fibres  of  ihe  flexor  brevis  haltucis  is  fre<]uently  inserted  into  th« 
»-hole  length  of  the  first  metatarsal.  Uccasionally  these  fibres  are  quite  distinct  from  the  rest 
of  the  muscie,  forming  what  has  been  temied  an  oppoiuns  hailucis. 

In  the  description  of  the  muscie  given  above,  account  has  been  takeii  only  of  what  is  usually 
described  as  the  inner  portion,  the  flexor  brevis  pollicis  being  usually  regarded  as  consistii^ 
of  two  bellies,  the  second  of  which  is  inserted  into  the  lateral  side  of  tne  base  of  the  tirst 
phalanx  of  the  great  loe.  The  relations  of  this  outer  belly  and  iis  nerve-supply,  however,  indi- 
' ;  thal  it  belongs  to  an  eniirelv  diflerent  layer  than  the  medial  belly.    It  will,  therefore,  be 

---    'ithtl--^ ■ 


considered  later  in  cunnection  u 


(page  663). 


Fig.  6j8. 


T,.    AnnrcTOR  Halh-cis  (Fig.  627). 
Attachmcnts. — The  abductor  hallucis  ext<.'nds  nlong  the  inner  Imrder  of  the 


•oot,  arising   frnm  the  inner  tubercle  and  siirface  of  the 
plantar  aponeurosis  and  bciiig  insrrted.  along  with  the  flex 
*«»ner  side  of  the  base  of  the  first  phalanx  of  the  great  toe. 
Nerve-Supply.— Bv  the  internal  pl; 


%nd  first  sacral  r 

Action, — To  abduct  a 


and  from  the 
r  brevis  hatlucis,  into  the 


nerve  from  the  fourth  and  fifth  lumbar 


id  flex  ihe  hallux. 
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Abductor  Minimi  Digiti  (Fig.  627). 

Attachments. — The  abductor  of  the  little  toe  (m.  abductor  digiti  quinti)  is 
sitiiated  aloiig  the  outcr  bortler  of  the  foot.  It  arises  from  thc  under  surface  of  the 
calcancum  and  from  the  plantar  aponeurosis,  and  e\tcnds  distally  and  laterallv  to  be 
ifiserted  partly  into  the  tuberosity  of  the  fifth  nietatarsal  bone  and  partly  into  the 
lateral  side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

Nervc-Supply. — By  the  external  plantar  nerve  from  the  iirst  and  second 
sacral  ner\'es. 

Action. — To  abduct  and  flex  the  little  toe. 

Variations.— A  |H>rtion  of  the  alKluctor  di>fili  quinti  frequently  separates  from  the  rest  of 
the  nuLScle  to  form  a  fusitomi  lH'lly  uliich  has  been  tcmied  the  abductor  ossts  ntetatarsi  guittii. 
It  arises  from  tlie  lateral  part  uf  the  inferior  surface  of  the  os  calcis  and  is  inserted,  either  inde- 
pendently  or  in  gomnion  with  tlie  abductor,  into  the  tuberosity  of  the  ftfth  metatarsal. 

(bb)     TlIE   MlSCLES   OF   THE   SeCOND   LaVER. 
I.      LUMIJRICALKS    (Fig.    628). 

Attachments. — The  lumbricales  are  four  spindle-shaped  muscles  which  arise 
from  the  adjacent  borders  of  the  tendons  of  the  flexor  longus  digitorum  and  from  the 
inner  border  of  its  tirst  tendon.  They  pass  distally  to  the  inner  surfaces  of  the  first 
phalanges  of  the  second,  third,  fourth,  and  tifth  digits.  where  they  are  inserUd  into  the 
membranous  expansions  of  the  tendons  of  the  extensor  longus  digitorum. 

Nerve-Supply. — The  first  or  first  and  second  muscles,  counting  from  the  tibial 
side,  are  supplied  by  the  internal  plantar  nerve  ;  the  remaining  three  or  t^*o  are  sup- 
plicd  from  the  external  plantar  from  the  fourth  and  fifth  lumbar  and  first  sacral  ncr\es. 

Action. — To  tlex  and  draw  medially  the  second,  third,  fourth,  and  fifth  toes. 

Variations. — Al)sence  of  one  or  other  of  the  himbricales  has  been  noted,  the  fourth  and  third 
beinjj  those  most  frequently  lackinj^  ;  these  same  muscles  are  frequently  bifid  at  their  inserttons. 
Small  bursai  may  inter\'ene  between  the  tendons  and  the  first  phalanj;:es. 

The  significance  of  the  lumbricales  is  similar  to  that  of  the  corresponding  muscles  of  the 
hand.  They  arise  primarily  from  the  deeper  layers  of  the  plantar  aponeurosis,  and  uhen  these 
difTerentiate  into  the  tendons  of  the  flexor  longus  digitorum  they  come  to  arise  from  those 
stnictures. 

{cc)    The  Muscles  of  thk  Third  Laver. 
I.    Adductor  Hallucis  (Fig.  629). 

Attachments. — The  adductor  hallucis  consists  of  two  portions,  often  described 
as  two  distinct  muscles,  united  only  at  their  insertions.  The  obligue  partion  ( capat 
obliquuoi),  or  adductor  obliguus,  arises  from  the  bases  of  the  second.  third,  and 
fourth  metatarsals  and  from  the  long  plantar  ligament  and  passes  distally  and  inward 
along  the  inter\'al  bet^^een  the  first  and  second  metatarsals,  its  fibres  converging  to  a 
strong  tendon  which  unites  with  that  of  the  transvrrse portion  (capat  transversum).  or 
adductor  transversus.  This  extends  almost  transversely,  under  cover  of  the  three 
medial  tendons  of  the  long  and  short  flexors  and  the  lumbricales.  over  the  heads  ol 
the  fourth,  third,  and  second  metatarsals.  It  arises  from  the  capsules  of  the  four 
lateral  metatarso-phalangcjil  joints  and  passes  mediallv  to  join  the  tendon  of  the 
oblique  portion.  The  common  tendon  so  formed  unites  with  the  tendon  of  the  first 
plantar  interosseous  and  is  inserted  into  the  sesamoid  bone  of  that  tendon  and  into  the 
lateral  surface  of  the  base  of  the  first  phalanx  of  the  great  toe. 

Ncrve-Supply. — Ry  the  deep  branch  of  the  external  plantar  ner\'e  from  the 
fifth  lumK-ir  and  first  and  second  sacral  nerves. 

Action. — To  flex  and  addurt  the  hallux. 

Variations.—Some  variation  orrurs  in  the  extent  of  the  origin  of  both  portions  of  the 
addurtor  halhiris.  The  obli<|ue  portitm  may  be  limited  to  the  long  plantar  ligament.  or  ina]r 
rerfive-  an  acrfSSor\-  slin  from  the  shaft  of  the  second  metatarsal,  while  the  origin  of  the  trans- 
vtTse  portion  from  the  fifth  m^-tatarso-phalangeal  joint  mav  be  lacking. 

It  is  to  l>e  note<!  that  in  the  f«itus  the  t\vo  p<>rtions  of  the  adductor  are  not  separated  bjr  a 
wide  inter\al  ;ls  in  the  adult.  bnt  lit*  in  rontact  with  each  other. 


THE   MUSCLES   OF   THE   FOOT. 


II  muscular  slip  has  occasionally  been  observed  passing  from  the  long  plantar  liga- 
laleral  suriace  of  the  base  oi  thc  firet  phalanx  of  the  second  toe.     It  appeaTS  to 
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(rfi/l    The  HiTscLEs  of  the  Focrth  and  Fifth  Lavers. 

I.    Interossei  plantares.  z.    Ititerossei  dorsales. 

3.    Fle.\or  brevis  minimi  digiti. 

As  in  ihe  haiid,  the  fourth  and  fifth  layers  of  the  pre-axial  musciilature  become 
united  to  form  the  dorsal  interossei.  portions  of  the  fourth  layer  remaining  distinct  to 
form  the  plantar  interossei.  The  arrangements  in  thc  hand  and  foot  difter,  however, 
in  this  respect,  that  in  the  foot  the  lateral  muscle  derived  from  the  fourth  layer  forms 
a  large,  well-developed  stnjcture  termed  the  flexor  brevis  minimi  digiti. 

I.   Interossei  Pi.antares  fFig.  630). 
Attachments. — The  plantar  interossei  are  tour  spindle-shapcd  muscles.     The 
first  is  very  much  strongcr  than  the  others,  and  is  often  described  as  ihe  outer  head 
of  the  flexor  brevis  hallucii-  fpagc  661).      It  arises,  in  common  \vith  the  flexor  brevis 
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metatarsal  and  passes  distally  along  the  outer  side  of  the  fourth  plantar  interosseus 
to  be  inserted  by  a  tendon  into  the  outer  surface  of  the  base  of  the  first  phalanx  of 
the  fifth  toe  and  also  into  the  distal  portion  of  the  fifth  metatarsal. 

Ncrvc-Supply. — From  the  extemal  plantar  nerve  from  the  second  sacral 
nerve. 

Action. — To  flex  the  fifth  toe  and  draw  it  lateralward. 

Variationt. — The  portion  of  the  flexor  brevis  minimi  digiti  which  passes  to  the  fifth  meta- 
tarsal is  frequently  more  or  less  distinct  from  the  rest  of  the  muscle,  and  has  then  been  termed 
the  appanens  guinti  digiH, 

{b)    THE  POST-AXIAL  MUSCLES. 

I.    ExTEXsoR  Brevis  Digitorum  (Fig.  624). 

Attachments. — The  short  extensor  of  the  toes  (m.  extensor  digitorum  brevis) 
arises  from  the  lateral  and  superior  surfaces  of  the  calcaneum.  It  p^es  distally 
beneath  the  tendons  of  the  extensor  longus  digitorum  and  divides  into  four  portions, 
the  outer  three  of  which  soon  become  tendinous  and  are  inserted  by  fusing  with  the 
tendons  of  the  extensor  longus  to  the  second,  third,  and  fourth  toes  over  the  first 
phalanges  of  those  toes;  the  innermost  tendon  is  inserted  into  the  base  of  the  first 
phalanx  of  the  great  toe. 

Ncrvc-Supply. — By  the  anterior  tibial  nerve  from  the  fourth  and  fifth  lumbar 
and  first  sacral  nerves. 

Action. — To  extend  and  draw  laterally  the  first,  second,  third,  and  fourth  toes. 

Variations. — Occasionally  one  or  other  of  the  tendons  of  the  extensor  brevis  may  be 
doubled,  this  condition  being  most  frecjuent  in  the  tendon  to  the  second  toe  ;  sometimes  a  fifth 
tendon  passes  to  the  little  toe. 

The  innermost  tendon  is  nearly  always  much  stronger  than  the  others ;  the  iibres  which 
insert  into  it  are  occasionally  separate  from  the  remainder  of  the  muscle,  then  forming  the 
exiensor  brevis  hallucis. 

PRACTICAL   CONSIDERATIONS:    MUSCLES   AND    FASCIi« 

OF  THE  LEG,  ANKLE,  AND  FOOT. 

I.  The  Leg. — The  skin  over  the  leg  is  everywhere  more  adherent  to  the  un- 
derlying  fascia  than  it  is  in  the  thigh.  Its  inability  at  certain  places,  as  over  the  spine 
and  antero-intemal  surface  of  the  tibia,  to  glide  away  when  force  is  applied  partly 
accounts  for  the  frequency  with  which  bruising  or  laceration,  superficial  ulceration, 
or  even  periostitis  or  caries  follows  injuries  to  the  *  *  shin. ' ' 

The  deep  fascia  blends  with  the  periosteum  at  the  head  and  inner  and  anterior 
borders  of  the  tibia,  at  the  head  of  the  fibula,  and  at  the  tM'o  malleoli.  It  is  thicker 
and  denser  above  and  anteriorly  than  below  and  posteriorly.  The  two  septa  (Figs. 
627,  623)  that  run  inward  from  it  on  the  outer  side  of  the  leg  and  are  attached  to  the 
anterior  and  external  borders  of  the  fibula  constitute  an  osseo-aponeurotic  space  that 
contains  the  peroneal  muscles  and  that  may,  for  a  tirne,  limit  the  spread  of  infection 
or  of  suppuration.  The  peronei,  in  their  compartment.  and,  farther  in,  the  bones  and 
interosseous  membrane,  separate  the  anterior  group  of  muscles — the  tibialis  anticus, 
extensor  communis,  etc. — from  the  posterior  group.  The  fascia  over  the  anterior 
group  embraces  them  so  closelv,  that  when  it  is  wounded  or  tom  the  muscle-fibres 
protrude  and  approximation  of  the  edges  of  the  fascial  wound  may  be  difficult.  In 
the  anterior  compartment  the  muscles  are  intimately  adherent  to  its  fibrous  walls,  as 
is  the  čase  in  the  forearm,  but  not  in  the  arm  or  thigh  (Tillaux).  In  the  posterior 
compartment,  on  ihc  contrary,  a  loose  layer  of  connective  tissue  intervenes  between 
the  gastrocncmius  and  the  deep  fascia,  and  permits  the  greater  degree  of  motion 
between  the  muscle  and  the  aponeurosis  necessitated  by  the  greater  range  of  motion 
in  plantar,  as  compared  with  dorsal,  flexion  of  the  foot. 

The  difference  \vill  l>e  noted  in  dealing  \vith  wounds  involving  these  regions,  or 
in  some  operations,  as  amputation  of  the  leg. 

The  septum,  anteriorlv,  at  the  upper  third  of  the  leg,  het\veen  the  tibialis  anticus 
and  extensor  longus  digitorum,  is  of  variable  density,  gives  no  indication  of  its  pres- 
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munis  and  peroneus  tertius,  the  last  two  running  in  one  sheath.  Internally — ue,, 
between  the  heel  and  the  internal  malleolus — the  tendons  of  the  flexor  longus  pol- 
licis,  the  flexor  longus  digitorum,  and  the  tibialis  posticus  run  beneath  the  internal 
annular  ligament,  tlie  last  nanied  being  the  deepest  and  in  the  closest  proximity  to 
the  ankle-joint,  disease  of  which  may  originate  in  the  tendon.  The  relation  of  the 
flexor  longus  pollicis  tendon  to  the  posterior  ligament  is  intimate,  and  is  believed  to 
be  of  advantage  in  resisting  posterior  luxation  of  the  astragalus  (page  450). 

The  peroneus  longus  tendon  is  thought  to  be  more  frequently  displaced  than 
any  other  tendon  in  the  body.  When  this  accident  happens,  the  tendon  slips  from 
its  groove  behind  the  external  malleolus  and  over  the  thin  posterior  border  of  the 
latter  to  its  anterior  face.  This  dislocation  is  favored  by  {a)  the  length  and  slender- 
ness  of  the  tendon  ;  {b)  the  shallowness  of  the  groove  in  which  it  runs  ;  (r)  the 
relative  weakness  of  the  single  slip  of  the  extcrnal  annular  ligament  that  covers  the 
tendon;  {d )  the  fact  that  it  changes  its  direction  t\vice  betvveen  the  lower  third  of  the 
leg  and  its  insertion, — i.e. ,  once  at  the  malleolus  and  once  at  the  margin  of  the  cuboid. 

Disease  of  the  sheaths  of  the  tendons  about  the  ankle-joint  is  not  rare,  is  apt  to 
be  tuberculous,  and  is  favored  by  the  frequent  strains  and  the  exposure  to  cold  and 
vet  to  which  they  are  subjected,  and  by  their  dependent  position  and  remoteness 
from  the  heart. 

Their  relation  to  disease  of  the  tarsal  bones  should  be  remembered  (page  437). 
The  approximately  vertical  direction  of  the  swelling  in  the  early  stages  is  some- 
times  of  use  in  differentiating  teno-synovitis  from  ankle-joint  disease  (page  451). 

The  involvement  of  the  tendon-sheaths  in  sprain  of  the  ankle-joint  (page  450) 
adds  to  the  duration  of  the  disability  produced  h  v  that  accident. 

On  the  šole  of  the  foot  the  dense  plantar  fascia  is  of  importance  in  relation  to 
infection  or  suppuration  beneath  it.  Of  its  thrcc  divisions  (page  659).  the  central 
one  is  much  the  strongest.  With  the  intermuscular  septa  that  run  from  its  lateral  bor- 
ders  into  the  šole  and  separate  the  flexor  brevis  digitorum  from  the  abductor  minimi 
digiti  externaliy  and  from  the  abductor  hallucis  internally,  it  makes  a  compartment 
the  floor  of  which  is  rarely  penetrated  by  inflammatory  or  purulent  effusions.  An 
abscess  beginning  in  the  mid-region  of  the  šole  beneath  the  plantar  fascia  mav  pass 
forward  between  the  digital  slips  or  upvvard  through  the  interosseous  spaces,  or 
along  the  tendon-sheaths  to  the  ankle.  More  rarely  apertures  in  the  plantar  fascia 
permit  suppuration  to  spread  through  it  to  the  subcutaneous  region  of  the  šole. 
The  abscess  cavitv  then  consists  of  two  portions  connected  by  a  narrow  neck,  abc^s 
en  bouton  de  chemise  (Tillaux). 

The  lateral  progress  of  such  an  abscess — through  the  intermuscular  septa  above 
described — is  easier  than  penetration  of  the  strong  central  leaflet  of  the  plantar  fascia. 

It  will  be  noted  that  the  three  compartments  into  which  the  šole  is  then  divided 
are  analogous  to  the  thenar,  hypothenar,  and  central  divisions  of  the  palm.  Con- 
traction  of  the  plantar  fascia,  which  aids  in  maintaining  the  cur\'e  of  the  arch  of  the 
foot,  as  a  string  would  that  of  its  bow,  increases  that  arch,  is  often  associated  with 
the  difierent  forms  of  talipes,  and  is  thought  to  be  one  of  the  common  causes  of  a 
siibvariety, — pes  cavus.  Relaxation  or  elongation  of  the  plantar  fascia  favors  depres- 
sion  of  the  normal  arch,  and  hence  contributes  to  the  development  of  the  condition 
known  as  **flat-foot"  {pes plafius)  {r^ide  irifra). 

Club' Foot. — The  mcchanics  of  the  normal  foot  have  already  been  sufficientlv 
described  (pages  436,  447 ). 

Of  the  deformities.  either  congenital  or  acquired,  which  are  grouped  under  the 
name  club-foot,  it  is  necessarv  to  describe,  from  the  anatomical  stand-point,  only  the 
chief  varieties. 

I.  Talipes  eguino-varus,  when  congenital,  is  believed  to  result  from  retention 
of  the  foetal  position,  — /.r.  from  defective  development.  The  inward  rotation  of  the 
flexed  and  crosscd  limbs  /;/  utrro,  \vhich  in  the  later  periods  of  fcttal  life  removes  the 
pressure  from  the  fibular  side  of  the  legs  and  the  dorsum  of  the  feot  and  puts  the 
latter  in  the  position  of  extreme  flexion  \vith  the  soles — instead  of  the  tops— of  the 
feet  against  the  uterine  \valls  (Berg),  does  not  take  plače.  This  is  the  commonest 
of  ali  the  forms  of  chib-foot.  \Vhen  it  is  acquired,  it  mav  be  due  to  paralvsis  of 
those  muscles  that  oppose  the  adduction  and  extension  of  the  foot, — i.e.,  chiefly  of 
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i  thiu  the  lirst  metatarso-phalangeal  joint — to  excessive 

r>  arefound  over  tbe  extenial  malleolus, — "tailor'3bursa," — 
■'  i-varus,  and  at  other  points  exposed  to  prcssure  in  the 
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TIk-  iliac  furrow  (page  349)  indicating  the  line 
1  rial  obhque  above  aiitl  the  gluteus  medius 

Fig.  631. 
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into  that  of  the  hip  are  (Uii-  to  tht-  ghi- 
teus  medius  abovf  and  more  anteriorlv 
to  the  tensor  facia-  latic  I  Vin-  6,12 1. 
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jast  behlnd  a  vertical  lino  drawti 
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It  can  be  best  secn  il  tht-  thi>;h  is  in  abdiirtion  aim  nmani  roiaimn. 

As  the  skin  nf  the  bultiick  is  madi-  tt-nse  whon  llic  lliii^h  is  rte? 

the  /o/rf  o/'  ifi,-  imUs  (i;Iiitr.i-fL-iiii>r;il  cM-asi-),  ihie  lo  cn-asini;  c.r  t 

skin,  is  formed  whcn  the  tliii,'h  is  extemleil.      (t  hejjins  just  hvU<\\ 


nd  just  ln-low  ihi-  forcpart  of  tlu-  ilia. 
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tuberosity  of  the  ischiiim,  runs  horizontali/  out\vard,  and  crosses  the  middle  of  thc 
lower  edge  of  the  ^lutcus  inaximus,  part  of  which — thc  inner — is  therefore  above  it 
and  part — the  outer — belovv  it.  In  riexion  of  the  hip  thegluteus  maximus  is  flattened 
and  the  skin  stretched  over  it,  and  hence  this  fold  is  more  or  less  conipletely  effaced. 
As  flexi()n  is  an  alniost  constant  early  syniptom  of  hip-joint  disease  (pagc  381),  and 
is  usually  associated  with  atrophy  of  the  nuiscles  nioving  the  joint,  the  obliteration  of 
the  ji^luteo-fenioral  crease,  characteristic  of  this  disease,  can  readily  be  understood. 

In  \vomen,  on  account  of  the  thickness  of  the  supraj^luteal  layer  of  fat,  the  gluteo- 
femoral  crease  is  longer  and  deeper  than  in  men. 

The  various  b<)ny  points  of  this  rej^ion  have  been  described  (pages  345,  349),  as 
have  the  diflerent  lines  and  nieasurements  eniployed  in  the  diagnosis  of  fractures  of 
the  neck  of  the  fcmur  and  of  dislocation  (pages  362,  364,  367). 

2.  The  Thigh. — {a)  Afitvrior  crural  re^ion,  The  hip  passes  insensihlv  in 
front  and  belo\v  into  the  region  of  the  thigh.  The  inguinal  furrow,  a  valuable  land- 
mark,  separates  the  surface  of  the  abdomen  from  thal  of  ihe  thigh  (page  1774).  It 
indicates  the  line  of  P()upart's  ligament,  \vhich  may  be  felt,  in  the  absence  of  much 
siibcutaneous  fat,  from  the  iliac  spine  to  the  piibic  .spine,  more  easily  over  its  inner 
half,  and  stili  more  easily  if  the  thigh  is  in  extension,  abduction,  and  outward  rotation. 

The  ligament  is  relaxed  by  rtexion,  addiiction,  and  in\vard  rotation  of  the  thigh, 
and  \vith  it,  to  some  extent,  the  deep  fascia-  of  the  thigh  and  abdomen  ;  therefore 
that  position  is  the  one  most  favorable  to  rediiction  of  either  ingiiinal  or  femoral 
hernia  by  taxis  (pages  1770,  1774). 

Below  this  a  second  furro\v — *'  Holden  s  line" — is  sometimes  seen  with  the  thigh 
in  slight  tlexion,  beginning  at  the  scroto-femoral  angle  and  becoming  less  distinct  uniil 
it  is  lost  at  or  over  the  supratrochanteric  space.  It  nms  acro.ss  the  front  of  the  cap- 
sule  of  the  hip-joint  and  is  lost  in  the  presenre  of  svnovitis  of  that  joint.  It  is  often 
indistinct,  and  in  some  subjects  cannot  be  made  out  at  aH  (Treves). 

On  the  line  of  this  furro\v,  and  jiist  external  lo  a  vertical  line  drawn  through  the 
middle  of  I^)upart's  ligament,  the  head  of  the  femiir  can  sometimes  be  made  palpable 
by  extension  and  rotation  of  thc  thigh,  bnt  this  is  rarely  possible  in  fat  or  muscular 
persons. 

The  depres.sion  or  flattening  of  Scarpas  triangle  (  page  639 )  can  iisually  be  seen. 
The  tendon  of  origin  of  ihe  adductor  longiis — made  prominent  by  abduction — and 
the  upperportion  of  the  sartoriiis,  emphasized  by  riexion  and  outuard  rotation  of  thc 
thigh  \vith  the  knee  bent.  mark  its  iniu  r  and  onter  borders  respectively.  The  sar- 
torius,  continued  do\vnward,  In-comes  flattened  and  is  lost  in  the  roundt*d  fulness  on 
the  inner  side  of  the  knee.  Jnst  interna!  to  a  line  bisecting  the  triangle  the  femoral 
artery  may  l)e  felt  and  its  pulsiitions  sometimes  seen.  A  ver}*  trifling  depression  b 
occasi<jnally  |)resent  near  the  inner  anglc  at  the  base  of  the  triangle,  and  then  indi- 
cates the  |)osition  of  the  siiphenous  opcning  (  page  635  i,  the  centre  of  which  is  from 
one  to  one  and  a  half  inches  belo\v  and  the  same  ilistance  external  to  the  pubic  spine. 
which  is  on  a  transverse  line  dra\vn  through  the  upper  margin  of  the  greater  trochan- 
ter.  From  the  ape\  of  the  triangle  tiu*  shalhnv  groove,  extending  towards  the  inner 
side  of  ihe  km-e,  marks  the  course  of  ihe  siirtorius  and  the  interval  bet\vcen  the  qiiad- 
ricej)s  extensor  and  the  adductors.  To  the  outer  side  of  the  triangle  the  rectus  can  be 
seen,  .shosving  belovv  the  anterior  superior  spine  in  the  inter\al  lx*tween  the  sartorius 
and  the  tensor  fascia-  lata*  ;  it  nms  do\vn  the  front  of  ihe  thigh,  giving  it  its  ct>nvex 
fulness.  and  narrouing  to  its  ending  in  the  flattened  cjuadriceps  tendon,  the  edges  of 
which  stand  out  \vhen  the  leg  is  stronglv  extended  on  the  thigh.  The  obliteration 
of  .Scarpa's  triangli*,  in  full  extension  of  the  thigh,  is  due  to  the  thrusting  fon)h*ard 
of  the  overlving  tissues  bv  the  neck  and  the  ui)per  end  of  the  shaft  of  the  femur. 

To  the  inner  side  of  .S(arpa's  triangle.  Ik1ow  and  posteriorlv  to  the  adductor 
longus,  the  other  ad<luctors  and  thegraeiiis  give  the  rounded  outline  to  the  inner  side 
of  the  upptr  thigh.  Near  the  knee.  \vhcn  the  leg  is  flexed,  the  tendon  of  insertion  ol 
the  adductor  magmis  can  be  i)lainly  felt  between  the  sartorius  and  vastus  intemus. 
The  latter  nniscle  stands  out  along  the  lo\ver  half  of  the  thigh  and  is  stili  more  promi- 
nent near  the  knee.  \vhere  it  becomes  supcrticial  between  the  rectus  and  the  sartorius. 

On  the  outer  si<l<-  thc  vastus  <*xternus  gives  the  thigh  its  broad,  slighdv  convex 
surface,  down  the  centre  of  which  there  is  sometimes  a  slight  vertical  groove  indi* 
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cating  the  position  of  the  ilio-tibial  band  of  fascia  betvveen  the  insertions  of  the  tensor 
bsciae  latae  and  gluteus  maxinius  and  the  external  tibial  tuberosity.  More  pos- 
teriorly  a  distinct  longitiidinal  depression  corresponds  to  the  external  interniuscular 
septum,  between  the  vastus  externus  and  the  short  head  of  the  biceps.  At  the 
lower  third  of  the  thigh  this  groove  indiaites  the  Hne  of  nearest  approach  of  the  shaft 
of  the  femur  to  the  surface.  Elsevvhere  it  is 
usually  so  covered  by  niuscular  masses  that 
it  is  not  to  be  feh,  even  indistinctlv.  The 
corresponding  internal  septum—  bet\veen  the 
vastus  internus  and  the  adductors  and  pecti- 
neus — produces  no  surface  marking. 

(d)  Posterior  crural  rcgion.  The  ham- 
strings,  descending  from  beneath  the  lower 
edge  of  the  ghiteus  maxinius,  cannot  at  hrst 
be  separately  identitied.  Lovver,  a  very  slight 
depression  may  mark  the  interval  betvveen 
the  semiinembranosus  and  the  semitendino- 
sus,  and  the  biceps  tendon  beconies  a  sidient 
rounded  cord. 

When  the  limbs  are  straight  with  the 
knees  together  there  should  be  but  a  slight 
interval  between  the  thighs,  and  that  only 
where  the  sartorius  muscles  curve  back  to 
He  along  the  inner  surface  of  the  limb.  In 
women,  owing  to  the  greater  quantity  of  sub- 
cutaneous  fat,  the  thighs  may  be  in  contact 
ali  the  way  down  (Thomson). 

3.  The  Knee.^On  the  anterior  sur- 
faice  the  quadriceps  tendon  and  the  ligamen- 
tum  j>atellae  are  made  more  prominent  by 
strong  extension  of  the  leg.  and  on  each  side 
of  the  ligament  the  little  eminence  made  by  the 
protrusion  of  the  soft  subpatellar  fat  becomes 
visible.  The  angle  made  by  the  axes  of  the 
tendon  and  ligament  should  be  noted  ( page 

The  outline  of  the  patella  is  easilv  felt 
and  can  usually  be  seen.  Above  it  is  a  slight 
depression.  A  t  its  sides  are  t\vo  concavities 
— the  inner  of  which  is  a  little  more  mark  cd, 
as  the  inner  border  of  the  patella  is  the 
more  prominent — \vhich  in  fat  persons  may 
disappear,  as  they  do,  together  \vith  the  su- 
prapatellar  depression,  in  svnovitis  of  the 
knee-joint  (page  413).  Roth  anteriorlv  and 
laterally  the  landmarks  ha  ve  been  sutriciently 
described  (pages  367,  390). 

Posteriorlv  the  popliteal  space — the  ham 
— is  slightly  convex  during  extension  of  the 
leg  and  deeplv  concave  when  it  is  flexed. 
The  boundaries,  the  relations  of  the  ham- 
string  tendons,  of  tht»  ilio-tibial  band  externally  and  of  the  sartorius  teiuhni  internallv 
have  been  described  (pages  409,  646).  Al  the  lo\ver  portion  of  tlie  space  the  con- 
verging  fleshy  bellies  <>f  the  gastrocnemius  may  l)e  felt. 

4.  The  Leg. — The  landmarks  relating  to  the  tibia  (page  390)  and  fibula  (page 
396)  have  been  described.  Bet\v(»en  these  bones  the  lx'lly  of  the  tibialis  anticus  causes 
a  distinct  prominence,  to  the  fibular  side  of  \vhich  is  the  narro\ver  and  le.ss-marked 
elevation  due  tc)  the  extensor  longus  digitorum.  Relo\v  the  middle  third  of  the  leg 
these  muscles  are  tendinous,  but  by  dorsal  fiexion  of  the  foot  and  of  the  toes  (exten- 
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THE  VASCULAR  SVSTEM. 

The  vascular  system  is  comp)osed  of  the  organs  immediately  concerned  in  the 
circulation  throughout  the  body  of  the  fluids.which  convey  to  the  tissues  the  nutritive 
substances  and  oxygen  necessary  for  their  metaboHsin  and  carry  from  them  to  the 
excretory  organs  the  waste  products  formed  during  metabohsm. 

The  system  is  iisually  regarded  as  being  composed  of  two  portions,  the  one  con- 
sisting  of  organs  in  which  circulates  the  red  fluid  which  we  term  blood,  \vhile  the 
organs  of  the  other  contiiin  a  colorless  or  white  fluid  kno\vn  as  lymph  or  chvle  ;  the 
former  of  these  subsystems  is  the  blood-vascidar  system  and  the  latter  is  the  Ivtnphatic 
sysiem.  It  miist  be  recognized,  however,  that  the  two  systems  comniunicate,  and  that 
the  Ivmphatic  systeni  develops  as  an  outgro\vth  from  the  blood- vascular  system  ;  so 
that  while  it  proves  convenient  for  descriptive  purposes  to  regard  the  t\vo  systems  as 
distinct,  nevertheless,  they  are  intimately  associated  both  anatomically  and  embryo- 
logically. 

THE  BLOOD-VASCULAR  SVSTEM. 

The  blood -vascular  system  consists  of  ( i )  a  system  of  canals  known  as  blood- 
vesseis,  traversing  practically  ali  parts  of  the  bodv,  and  (  2 )  of  a  contractile  organ,  the 
heart,  by  whose  pulsations  the  blood  is  forced  through  the  vessels.  The  vessels  are 
again  divisible  into  ( i )  vessels  \vhich  carry  the  blood  from  the  heart  to  the  tissues 
and  are  known  as  arteries,  (2)  exceedingly  hne  vessels  which  form  a  net-\vork  in  the 
tissues  and  are  termed  capillaries,  and  (3)  vessels  \vhich  return  the  blood  from  the 
tissues  to  the  heart  and  are  knoun  as  veins. 

THE   STRUCTURE  OF   BLOOD-VESSELS. 

Although  passing  into  one  another  insensibly  and  without  sharp  demarcation. 
where  typically  represented  the  arteries.  capillaries,  and  veins  present  such  character- 
istic  histological  pictures  that  they  are  readily  distinguished  from  one  another. 

Ali  blood-vessels,  including  the  heart,  possess  an  endothelial  lining  which  mav 
constitute  a  distinct  inner  coat,  the  tunica  intima,  or,  as  in  the  capillaries,  even  the 
entire  wall  of  the  vessel.  Usuallv,  ho\vever,  the  intima  consists  of  the  endothelium 
reinforced  by  a  variable  amount  of  fibro-elastic  tissue  in  \vhich  the  elastica  predomi- 
nates.  Except  vvithin  the  \valls  of  capillaries,  extenial  to  the  intima  lies  a  thick 
middle  coat,  the  tiinica  media,  which  typically  is  composed  of  intcrmingled  lamellae 
of  involuntary  muscle  and  elastica  and  fine  fibrillae  of  fibrous  tissue.  Outside  the  niedia 
follows  the  tunica  e.vterna  or  adventitia,  which,  although  usuallv  thinncr  than  the 
middle  coat,  is  of  exceptional  strength  and  toughness — characteristics  conferred  by 
its  fibro-elastic  tissue  and  upon  \vhich  the  integrity  of  a  ligature  often  depends. 

It  should  benoted  that  the  endothelial  tube  is  the  fundamental  and  primarv 
stnicture  in  ali  cases,  the  other  coats  being  secondary  and  variable  according  to  the 
size  and  character  that  the  vessel  attains.  The  customary  division  into  the  three 
coats  is  more  or  less  artificial  and  in  the  larger  vessels  is  often  uncertain.  The 
recognition  of  an  inner  endothelial  and  an  outer  musculo-elastic  coat  often  more  closely 
corresfKjnds  to  the  actual  arrangement  of  the  tissues  than  the  conventional  subdivision 
into  three  tunics. 

The  endothelial  lining  of  the  arteries  consists  of  elongated  spindle-shap>ed 
plates  united  by  narrovv  sinuous  lines  of  cement  substance  \vhich,  after  silver-staining, 
map  out  the  irregular  contours  of  the  cells  with  diagrammatic  clearness  (Fig.  634). 
At  the  junction  of  the  plates,  occasional  accumulations  of  the  cement  substance  mark 
minute  intercellular  areas,  the  sti^rmata,  that  indicate  points  of  less  accurate  apposi- 
tion.  Within  the  veins,  the  endothelial  plates  are  shorter  and  broader  than  in  the 
arteries,  approaching  somewhat  irregular  polygons  in  outline.     The  demarcation  of 
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tined  particularly  for  ihe  muscubr  ti^ue  and,  ihtrefore,  are  directed  to  the  medta, 
although  vessek  In  which  muscle  is  wantin|^.  as  in  certain  vetns  und  the  capillaries, 
are  not  without  nerves.  From  the  plexus  ihat  surrounds  the  vessel.  notably  rich 
^bout  the  arteries,  nerve-tibrillie  penetrate  the  media  and  end  among  the  muscle- 
libres  in  the  manner  usual  in  such  tissue  (page  1015J.  Special  sensory  aerve- 
«ndings  have  beeti  described  in  both  the  external  and  interna!  tunics. 

The  Arteries. — Since  the  arrangement  oi  the  component  tissues  is  most 
t:ypical  in  arteries  of  medium  size  (from  4-6  mm.  in  diameter),  the  radial  artery  may 
appropriately  serve  for  descriptiun.  Seen  in  cross-section  (Fig.  635),  after  the  usual 
methods  of  preser\'ation  and  staining,  the  intima  presents  a  plicated  contour  as  it 
follows  the  foldings  of  the  tnternal  elastic  membraiu  that  appears  as  a  conspicuous 
comigated  light  band  marking  the  outer  boundary  of  the  inner  tunic.  The  lining 
endotneiial  cells  are  so  thin  tfiat  in  profile  their  presence  is  indicated  chiefly  by  the 
slightly  projecting  nudei.      Between  the  endothelium  and  the  elastic  membrane  the 


Fig.  633. 


''o1untmTy  miucle 


intima  incKides  a  ihin  layer  of  fibrous  and  elastic  fibrilt.f.  The  media,  thick  and 
conspicuous,  consists  i.f  circular]y  disposed  flat  bundles  of  invohintary  muscle  sepa- 
rated  by  membranmis  plates  of  elastic  tissue.  that  in  the  section  appear  light  and 
unstained.  After  ihe  action  of  selecti\c  dvcs,  as  orccin,  the  elastica  is  \ery  con- 
spiciious  (Fig,  636).  Delicutc  fibrilhe  of  fibrous  tissue  coiirse  among  the  musculo- 
elastic  sttands.  Henealh  the  outer  coat,  the  elastica  becomes  condcnsed  into  a  more 
or  less  distinct  cvlenui/  elaslk  uiembraiif  that  marks  the  outer  boiindarv  of  the  media. 
The  adventitia  varies  in  thickness,  in  the  metlium-sized  arteries  biing  relativelv  lwtter 
developed  than  in  the  larger  nni-s.  It  consists  of  biindles  of  fihrons  tissue  intermingled 
with  elastic  fibres  of  var\ing  thickness.  The  adventitia  contains  the  va.sa  vasorum 
and  chief  Ivmph-channds  of  the  vascnkr  \vall. 

Followed  tnvvards  llie  capiltarics,  the  coals  of  the  arter\-  gradiiallv  diminish  in 
thickness,  the  endoihcliuni  restiiig  directlv  npon  the  interniil  elastic  membrane  so 
long^aa  the  latter  persists.  and  aftenvanls  npon  the  rapidlv  atleniiating  media.  The 
elastica  becomes  pntffressLvety  reduced  until  it  entirely  disappears  from  the  middie 
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coat,  which  then  becomes  a  purely  muscular  tunic  and,  before  the  capiUary  is  reacbi 
is  reduccd  to  a  singie  laycT  of  muscle-cells.  In  the  preca.pillary  arterioles  the  mus 
no  longer  forma  a  continuous  layer,  but  is  represented  by  groups  cA  (ibre-odb  ti 


partially  wrap  arouiul  the  vt-sscl,  and  at  last  are  replaced  by  isolated  elements.    Aftf-J^  ^*' 
the  disappearancL-  of  the  muscie-celis,  the  bloodvessel  has  become  a  true  capillar^-''^^    V- 

The  adventitia  shares  in  the  k'-'"*-"'^!  reduclion  and  gradually  diminbhea  in  thicknesdi "'''i 

until,  in  the  smallest  arteries.  it  consists  of  only  a  few  fibro-elastic  strands  outside  th>'^->>' 
muscIe-cells. 

In  the  large  arteries,  on  the  other  hand.  the  intima  and  media  chief1y  undn^*^^K^ 
augmentatitin.  Ahhini^rh  the  inner  coat  jjreat!y  thickens  and  contains  a  lar(r3E^'T 
amount  of  fibrous  tissiie  anii  ulastica,  a  conspicuous  iniemal  elastic  membrane,  a^s  *s 
»een  in  the  smaller  vessels,  is  taclcin);,  since  the  elastic  plates  and  membranes  ar-m.-^ait 
now  so  abundatit  that  the  local  accumulation  is  no  longer  striking,  the  boundar'^^'^^ 
bctiveen  the  inner  and  middle 

coats     iK-ing,      thenfore,     less  ^"^-  *37- 

sharply  di.-tine<l.  Thi-  character 
of  the  thickiiied  medi;*  aiso 
chanjjes,  tlie  niiisciilar  lissui.'  Ih;- 
ing  relativelv  reiluced  and  <)\  lt- 
sludou-i-d  f>y  the  i'xressi\e  de- 
velopment  of  thi'  tilini-t 
tissue,  which  is arranui-d  in  rif;- 
nlarly  disposed  l;imcll:i-  srpara- 
ting  thi'  miiHclf-liunillrs  and 
conferring  a  more  cnmjiact  and 
<lens«r  charartur  U.  l\w  Hali  of 
the  vi-ss«!.  Th,-  adv.ntilia. 
wliik-  rdalivHv  thinn.-r  ih:in  in 


.,f  nu-diii 
<d  rn, 


M  a 


•  >l  r»lni 


Of" 


increa- 
fibrw  ;i 

ItluHigh  stninj,',  lninilli's  < 
muscle  a|>pi'ar  In  the  nnter 


are  longitudinallv  disposed  and  iireg-  ~^S' 
le.  Kxceptionally,  longitudinal  strand«^^^' 
;  niMlia.      In  the  rootB  of  the  aorta  amfc^^ 
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pulmonary  artery,  ihe  media  consists  chiefly  of  striated  inuscie  which  resembles  that 
of  the  inyocardium  with  which  it  is  continuous,  both  vessels  havinjj  been  derived  from 
a  cocnmon  trunk,  the  butbus  arteriosus,  the  anterior  segment  of  tht  priniary  heart-lube. 

The  Veins. — The  walls  of  the  veins  are  always  thinner  than  ihose  of  corre- 
sponding  arteries  and  are  more  flaccid  and  less  coniractile  in  conse^uence  of  the 
smalter  amount  of  elastic  and  muscular  tissue  that  thcy  contain. 

In  veins  of  mediuin  size  (from  4-8  mm.  in  diameter),  the  intima  consists  of  the 
lining  endothelium,  the  cslls  of  which  are  relatively  broad  and  short,  a  thin  layer  of 
fibrous  conneclive  tissue  and  net-works  of  line  elastic  tibres.  A  distinct  internal 
eiastic  membrane  is  seldom  pres- 

ent,    at    most   a   condensation    of  Fic;.  638. 

elastic  fibriUs  marking  the  outer 
limit  of  the  inner  coat.  In  some  ""^^^^^ 
veins,  as  the  cephalic,  basilic,  '^ 
femoral,  long  saphenous.  and  pop- 
liteal,  bundles  of  smooth  mtiscle 
occur  within  the  intima.  In  ad- 
dition  to  the  circularly  disposed 
thin  sheets  of  muscular  and  libro- 
elastic  tissue,  the  media  contains 
Abro-elastic  plates,  sometimes 
mingled  with  a  few  bundles  of 
muscle-cells,  that  extend  longi- 
tudinally.  In  certain  veins,  as  in 
the  saphenous,  deep  femoral.  and 
pophteal,  the  longitudinal  fibres 
inay  constitute  a  zone  beneath  the 
intima  to  the  exclusion  of  the  mus- 
cular tissue.  The  adventilia  is 
often  thicker  than  the  media,  and 
consists  of  interlacing  fibres  and 
net-works  of  fibro-elastic  strands, 
the  general  direction  of  which  is 
lengthwise.  In  manv  veins.  jiar- 
ticularly  in  those  of  the  lower  ex- 
tremity,  the  outer  coat  contains 
bundles  of  longi tudinally  disposed 
muscie-celis. 

The  valves  »ith  which  many 
veins  are  provided  consist  of 
paired  crescentic  folds  (Fig.  641) 
of  the  intima,  covered  on  both 
sides  with  endothelium.  containing 
a  small  amount  of  fibro-dastic  tis- 
sue. The  attached  border  of  the 
leafiets  ends  in  narrow  prolonga- 
tions  that  e.xtend  bevond  the  free 
margin  of  the  valve.      Betwfen  the 

leaflets  ol  the  valve  and  the  wall  iTmt,«.r««ci.ono(  .Mominai  aoru.    -  ,0 

of  the  vcin  lie  the  pocket-like  si- 

Huses,  which  the  blood  distends  wh?n  the  vaUe  is  ctosed.  In  the  stnicture  of  their 
walls,  the  large  veins  present  many  deviations  from  the  tvpical  arrangcment.  While 
ihe  intima  is  only  excepliona!ly  increased,  as  in  the  hepatic  |>art  of  the  inierior  vena 
ca\^  and  the  iK-girning  of  the  portal  vein,  the  media  is  often  markediv  thickened. 
This  increase  is  chii.-fly  duc  lo  aiigmentation  of  the  elastic  and  fibrons  tissue,  the  mus- 
cle  remaining  comparativelv  scantv.  The  splenic  anil  portal  veins.  hou-ever,  are 
particularlv  rich  in  muscular  tissue  ;  on  the  other  hand.  the  media  mav  be 
almost  wanting,  as  in  the  greater  |)an  of  the  inferior  vena  cava  and  the  larger 
hepatic  veins. 
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Fig.  641. 


Eam  and   the  passage  of   the  plasma  and  oxygen  itito  the  sunrounding  tissues. 
e  walls  of  ihe  capillaries  consist  of  only  the  lining  plales,  the  entire  vessel  being  in 
t  a  delicatc  tndothelial  tube.     The  cells  composing  the  latter  are 
ngated  lanceolate  platcs,   possessing  oval  nuclet,  united  by  nar- 
V  Unes  of   cement  substance.      Although  the  transition  from  the 
erioles  is  graduul,  the  final  di^ppearance  of  the  muscle-cells  murks 
:  beginning  uf  Ihc  Irue  capillaries  ;  the  passage  of  the  latter  into 
i  veins  is  less  certain,   siiice  muscular  tissue  is  wanting    in  those 
small  size.      In  the  smatlest  capillaries  two  endothelial  plates  niay 
fice  to  encircie  the  entire  lumeii;  in  the  larger  three  or  four  cells 
iy  be  reqiiired  to  coinplete  the  vessel.      Preformed  openings  (sto- 
iia)  in  the  walls  of  the  capillaries  do  not  exist,  the  passage  of  the 
icocytes  and,  under  certain  conditions,  also  of  the  red  blood-cclls 
tapedesis)  and  of  small  particles  of  foreign  substanccs,  being  effected 
tween  the  endothelial  plates.      In  some  capillaries,  as  in  those  of 
!  choroid,  liver,  or  renal  glomeruli,  the  usual  demarcation  of  the         Ponion  oi  krn- 
il into  distiiict  cells  is  vvanting,   the  individual  endothelial  plates      ".I^'h^«"biSSfSd 
ing  replaced  by  a  continuous  nucleatcd  sheet  or  syncyUal  layer.       vaive. 
bere  ttie  capillaries  coursewithin  librous  tissue,  not  uncommonly  the 
isel  is  accompanied  by  delicate  strands  of  connective  tissue  (adveiiHtia  capillaris) 
A  sug^est  an  e.vternal  sheath. 

Thie  capillaries  are  usually  arranged  as  net-works,  of  which  the  channels  are  of 
rly  constant  size  within  the  tissue  to  which  they  are  distributed.  During  lifc  it  is  prob- 
le  that  none  are  too  small  to  permit  the  passage  of  the  red  blood-cells,  while  many 
mit  two  or  even  three  such  elements  abreast.  Their  usna!  diamcter  varies  between 
j8  and  .020  mm.  The  capillary  net-works  in  various  parts  of  the  body  differ  in  the 
m  and  ctoseness  of  their  meshes,  since  these  details  are  influenced  by  the  arrange- 
ait  of  the  component  elements  and  by  the  function  of  the  structiires  supplied.  Thus, 
musdes,  tendons,  and  nerves  the  meshes  are  elongated  and  narrow;  in  glands,  the 
igs,  and  adipose  tissue  they  are  irregularly  polygonal ;  in  the  liver-lobules  converg- 
jlyorradiallydisposed;  uhilein  the  subepithelial  papill^eof  the  niucous membranes 
d  the  skin  the  capillaries  common!y  form  loops.      In  general,  it  may  be  assumed  that 

Fig  64» 


't" 
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J  greater  the  fimtliona!  activity  of  an  organ,  the  closer  is  its  capillary  net-work. 
:gans  actively  engag(.tl  in  escretion,  as  the  kidneys,  or  the  elimination  of  substances 


THE   BLOOD.  68i 

When  unusuallv  large  or  superimposed  thev  exhibit  the  characteristic  crimson  hue, 

but  when  single  and  small  the  hemoglobin  cr)'stals  arecolorless  or  of  a  faint  greenish- 

yello\v  tint.     On  niixing  dried  blood  with  a  few  grains  of  sodium  chloride  and  a  small 

quantity  of  acctic  acid  and  heating  until  bubbles  appear,  minute  brown  crvstals  are 

formed  in  large  numbers.     These  are  known  as  Tcichmann  s  or  hemin  crystals  and  re- 

present  one  of  the  products  derived  from  the 

reduction   of   hemoglobin.     Being  yiclded  by  Fig.  643. 

blood  from   various  sources,   they  are  indica- 

tive   only   of   the  prescnce   of  blood   and   are 

valueless  in  differentiating  the   blood  of   man 

from    that   of   other   animals.      In    blood-clots 

of  long   standing   minute   hematoidin  crystals 

often    appear   as   yellowish-red   plates.       This 

substance   is   Iikewise   a   reduction-product   of 

hemoglobin. 

The  Colored  Blood-Cells.— The  ma-  ^ 
ture  colored  blood -cells,  ervthrocvtcs,  or  red 
corpuscies,  of  man  and  other  mammals  (ex- 
cept  those  of  the  camel  family,  which  are 
eliiptical  in  outline)  are  small,  biconcave, 
circular,  nonnuclcated  discs,  \vith  smooth 
oontour  and  rounded  edges.  When  vie\vcd 
by  transmitted  light,  the  individual  "red" 
cells  possess  a  pale  greenish-yello\v  tint,  and 
onlv  when   thev    are    collccted   in    masses   or 

1    •'  11  •      ».i_        J*   *.*  Crvslals  of  oxvhemoi{lohiii  from  human 

superimposed  m  several  lavers  is  the  distinc-  bUHMi.       iho. 

tive  blood-color  evident.     The  peculiar   form 

of  the  corpuscle — biconcave  in  the  centre  and  biconvcx  at  the  periphery — 
renders  acciirate  focussing  of  ali  parts  of  its  broader  surfacc  in  one  plane  impossible  ; 
hence  under  the  high  amplification  nect^sary  for  thcir  satisfactory  examination, 
the  entire  cells  are  n(?ver  sharplv  defined  and,  according  to  focal  adjustment, 
appear  either  as  light  rings  enclosing  dark  centrcs  or  ricc  versa.  Vie\ved  in 
profile,  the  thicker  convex  marginal  areas  are  connected  by  the  thinner 
concave  centre,  the  corpuscle  presenting  a  general  figure  somewhat  resembling 
a  dumb-bell. 

After  fresh  blood  has  been  distributed  as  a  thin  laver  and  allowcd  to  remain 
unshaken  for  some  time,  the  red  cells  cxhibit  a  [)eculiar  tendency  to  become  arranged 

in  columns,  \vith  their  hroad  surfact^s  in  contact,  similar 

Fkj.  644.  to  piles  or  rouleaus  of  coin  (Fig.  646).      Agitation  dis- 

^  ■      ^  perses  the  corpuscles,  which,  ho\vever,  may  resume  their 

jfi        -^ .      *"  former  grouping  \vhen  again  undisturbed.     The  columns 

4  \     ^     ^  "^^^y  J^**"    ^^"^  another  until  a  net-\vork    of   rouleaus   is 

formed.      If  the  stratum  of  blood  be  thin,   the  red  cells 
f      usuallv  later  separate,  but  they  may  retain  their  columnar 
grouping. 

^       š  The  lonjj-accepted  biconcave  discoidal  form  of   the  mam- 

^^  '  nialian  er\'throcytes   has  been  questioned  by  Dekhuvzen  '  and, 

^  niort*  rerently,  by  \Veidenreich  ''  and  by  F.  T.  Lewis.^  \vho  be- 

^  •  ^  licve  th.it  the  norma!  form  of  the  red  blood-cells  is  cuivshajK-d, 

Hcniin  crvstals  trom  human        siinilar  tO  a  sphere  niore  or  less  deeplv  indented,  thiis  rt*viving 

bi(KKi.        2V).  jjj^.  oonreption  held  by  Leeuu-enhoek  nearly  t\vi)  ct-nturies  ajjo. 

Althoii^li  such  cupped  corpuscles  are  faniiliar.  thev  are  ;:enerally 
regarded  as  chanji:ed  cells  resnltinj;  from  modification  of  the  ciensitv  of  the  plasma.  The  posi- 
tive  tesliniony  of  so  careful  an  observer  as  Leuis  as  to  the  cx:currence  of  Ihe  cui)-shai>ed  red  cells 
within  the  circulatioii  diirin^  lift*  entitle  these  views  to  consideration.* 

'  AnalomischcT  Anzi-ij^t-r,  W\.  xv.,  TS99. 
'  Archiv.  f.  niiknK.  Anatom.,  lUl.  lxi.,  1902. 
'Journal  of  Mrdiral  Kesrarch,  \\A.  x.,  1904. 

*  A  critical  rfvivw  conreminj;  the  form  and  stmcture  of  the  red  cells  is  given  by  \Veiden- 
leich  in  Ergebnisse  d.  Anat.  u.  Eni\vick.,  Ikl.  xiii.,  1904. 
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Dnsbach'  hiis  reconie«!  tlie  prestnteoJ  tllipticiil  red  cells  in  ihc  blood  of  an  apparentl)' 
healthy  muhitto.  The  uviil  i-i>r|n]sck-s.  which  mcasured  .oia  mni.  by  .uu4  nin).,  vere  approxi- 
maiel)'  ci>nst:ini  in  sin-,  ^li)rl1tly  hkuncuvc.  nnd  i-onMitutMl  ninet)-  ptr  <.-t.'nt.  uf  ali  tlte  red  cclls. 
'rhcy  ULTi;  i>1>si:r\eil  iivit  a  iktuhI  of  fuiir  iiiontlis,  diirin^  vliich  tlmc  tile  num1>cr  of  eryt]ir<f- 

H>1cs  iind  ilic  amount  ol 


l"i. 


■f^S- 


O, 


'O&Ci 


-^-^/-ro^ 


Rrdo 


lul  b< 


whi-tliir  tJK-  hI, 
IiIimhI  fruin  tlif  vcsmIs  < 
thi;  jjnMt*.T  iinuiiirtiim  n 
th.:  lirst  dav  alitr  birtli, 
vancwl  olil  ajjir  it  is  iisu; 


tak.-nfn.m 
sof  tll.-l..^ 


illv  .liin 


lislK-d. 


hi-niOKl<>t>in  u-cre  nomial.     I  ircNlut' 
cludes  Ihiit  tli«  oval  form  w:is  not  .it)  arti- 
fact.  I>ui  i>ru1ialily  due  tu  de^-ekipnient.-il 

Tlif  averagL' (lianiLtor  of  tlic  rvJ 
lilitfHl-ctlls  of  man  is  .007.S  iiim. 
'  ii'iitr  '"■^'  *""t-"  ci>r|niSLli-s  iirms- 
urinu  -'^  ''"1*^  «»  -"045  mm.  and  ■ 
citlurs  as  miich  as  .0095  mm.  Tlidr 
iivtnij;^'  tlii(kne,s,s  is  uIkhu  .oniH  mm. 
It  is  |triili:il>Ie  tli:U  th*;  avcrii^«--  diam- 
vh-T  is  iininUticncL-d  by  svs  and  is 
ronstaiit  for  alt  raci-s.  althoii^lt  ac- 
cordinjj  to  (iram,  ihc  sizc  of  thu  cor- 
piiscles  is  somcu-hat  K'"'-"!'''-''  '"  tli<^ 
iiihabitants  of  nortlicni  ciiuntrn-s. 
'Dr'  niiniiHT  of  n-«]  cclls  normullr 
lontaini-d  in  »nv  cubic  millimctvr  of 
bloml  is  aj)])ro.\imately  5,000.000  in 
tlif  mak-andsomuthinjf  Icss  (4.500,- 
(.x»i  in  tb«  ft-malf.  The  nunitxT  o( 
corpusck-s  is  practicallv  llic  stnie 
ios,  rapilbiriis,  or  vtins,  but  is  Io»er  in  the 
nilv  than  of  thc  upjKT,  probabl)-  Q>^'in£  tO 
nri;  di-jK-ndi-nt  [»arts  of  the  bi>dy,  \Vithin 
■ryllirocytcs  is  normativ  vor)-  high;  in  ad- 


In  Ki-iii-ral.  tla-  r<.-d  l.l.>.«l-r,]1s ..t  maniniuls  ari-  sinull  a 
difTi-rt-nt  onliTs,  1>i-ars  no  n-Iatioii  t.>  lliat  of  thc  aiihiial.  Tlit' 
tlK*  tarfctst  iind  i.-xifitkil  l>y  onlj  tliosi-  oi  lin-  eli-pliant  | 
(.■••gi  miii.  >.  ar^' np|iroximat(-d  by  thosi^nf  ilii; 

iniini-.i-i>i«  (.o(>7S  mm.  \.  doK  (.01173  mm.  1.  ral.- 
Iiil  <.ii>i69  mm,  V  anil  imI  (.i>>65  nun.  I,     Thosi- 


id  tliL-ir  si>!c.  uhich sr<.-atly  varics  in 
i-or]ms('k-s  of  niiui,  whl<.'hnrt.-nmon); 
UI194  mm.)  and  d)e  tu<>-t<M;d  sloth 
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THE   BLOOD. 


inonkey's  blood,  human  lachrymal  or  nasal  secretiun,  being  eliminaled,  a  positive  reacuon 
with  the  senim-tesl  is  sirong  evidence  of  thc  presence  o(  human  blood. 

The  nonnudealcd  condilion  of  the  mature  erythroc>tcs  is  the  distinguishing  characieristic 
of  mammalian  blood  as  coiilrasted  with  Ihe  colored  corpuscics  of  other  vertebrates,  since  even 
in  the  eKceptional  oval  red  celi  of  the  camel  faiiiily  the  nucleus  is  wanting.  The  maiumalian 
red  corpiiscles.  however,  must  be  regardtid  as  a  secondar>'  deviation  from  ihe  fundameiitat  ty|>e 
represented  by  thc  oval  nucleated  erythrocyle  of  the  other  vcrtebrates.  the  nucteated  embrjonic 
red  celi  losing  its  [lucleus  as  maturity  is  acguired.  In  general,  the  oval  nucleated  red  cells  are 
larger  than  the  mammalian  nonnucleated  discs.  The  largest  erjthrocytes  are  found  in  the 
tailed  amphibians;  those  of  the  amphiuma,  the  largest  known,  attain  the  gigantic  length  of  .oSo 
mm.,  and  are  approximately  len  times  as  large  as  the  htiman  red  blood-cell. 

The  structure  of  the  red  blood-cel!  has  lon^  bcen  and  stil!  is  a  subjcct  of  dis- 
cussion,  two  opposed  views  finding  ardcnt  supporters,  According  to  the  one,  held 
by  Schaefer,'  Weidenreich,  and  others,  the  erythrocyte  consists  of  a  iiicinbranous 
external  envelope  inctosing  the  colored  fluid  contents.  On  the  other  hand,  Rollett 
and  inany  others  regard  the  corpuscie  as  composed  of  an  insuluble  uniform  spongy 
stroma  of  great  delicacy.  occupieid  by  the  coloring  matier  or  hemoglobin.  Although 
no  definite  envelope  is  present,  in  the  sense  of  a  distinct  celi -membrane,  it  is  highly 
probable  thai  a  peripheral  condensaiion  of   the  stroma  e.xists.     The  fact  that  the 
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fr^fments  into  which  the  red  blood-cells  may  be  broken  up  after  certain  treatment, 
a!s  by  heating.  retain  the  appearance  and  structure  identical  with  the  larger  oiiginal 
celi,  is  strong  evidence  that  the  hemoglobin  has  not  escaped  and,  therefore,  does 
not  exist  in  a  fluid  condition  within  the  celi,  notvvithstanding  the  ingenious  but 
scarcely  convincing  explanations  of  the  phenomena  advanced  by  the  supporters  ol 
the  vesicular  structure  of  these  cclls.  The  further  evidence  afiorded  hy  those 
parts  of  the  corpuscles  that  remain  after  abstraction  of  the  hemoglobin  by  »ater, 
ether,  and  other  reagents,  points  to  the  existcnce  ol  a  distinct  stroma,  the  thicker 
edges  ol  which  appear  in  profile  as  outlines  of  the  "ghosts"  that  then  rcpresent 
the  former  colored  cells. 


The  erythrocytes 
therefore,  require  grt-.T 
Exposure  t<i  even  a  rur 
cells.  Alteratiiins  in  f. 
lower  and  of  highcr  ( 
stituted  by  an  .«5  i».-r 
ualty  reduced,  ilie  ror[ 

one  side  an<]   later,  a>   the  de]isity  of  the   reagent  approaclied  tliat  of   water,   assumiiig  the 

^iherical  forni  aiul  pitrlint;  with  the  hemuglobici  and  liecoming  cnlorless.     On  the  other  hand, 

'  Anatomischer  Anzeiger,  Bd.  XKvi.,  1905, 


■xlremcly  sensilive  to  a  wide  range  of  reagents  nnd  condilions  and, 
in  thi-ir  coUection  and  examination  if  distonions  are  to  be  avoid«!. 
if  air  often  suffirL^s  to  produce  conspiruous  chari(;i-s  in  the  red  blood- 
nav  be  jjrouped  into  those  resulting  from  the  artioti  of  sn1iition.s  of 
>■  than  that  of  Ihe  normal  plasma.  The  latler  is  convenientiv  sub- 
sohniou  of  siKlium  chloride.  If  the  proporticm  of  salt  be  grad- 
^liow  evidences  of  sweUing,  at  lirst  liy  losiiig  tlie' 
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when  subjected  to  saline  solutions  slronger  than  ihe  "norinal/*  the  exlerior  of  the  cor|>uscles 
becoiiies  irregular  and  besel  with  knob-like  projeclions  or  spines.  \Vhen  ihe  concentration 
of  ihe  medium  is  increased,  the  "crenation"  gives  place  to  marked  shrinkage  and  distortion. 
until  the  cells  k)se  ail  resemblance  to  their  noriiial  form. 

Upon  treatnient  with  water,  aqueous  dilutions  of  acetic  acid,  ether,  and  other  reagents,  the 
erythrocytes  are  proniptly  decolorized  by  the  extraction  of  the  hemoglobin.  An  intcrcsting 
moditication  of  the  phenomenon  may  be  produced  by  solutions  of  tannic  acid  or  |K>tasstum 
bichromate  of  varying  strength.  \Vhen  the  reaction  is  vigorous,  ijšb  decomiK>sed  hemoglobin 
is  caught  within  the  celi  and  appears  as  a  liiass  someuhat  reseniRling  a  nucleus.  \Vhen  the 
reaction  is  feeble,  as  with  very  weak  solutioas,  the  hemoglobin  is  less  suddenly  precipitated,  and 
appears  as  a  minute  projection  attached  to  one  part  of  the  exterior  of  the  decolorized  corpuscle. 

Alkaline  solutions  effect  the  complete  destruction  of  the  red  cells.  Among  the  rt^agents 
employed  in  histological  investigations,  osmič  acid  (1  per  cent.)  deser\'es  especial  confidence  as 
preser\'ing  the  form  of  Ihe  red  corpuscles.  Fixation  by  heat,  .so  commonly  used  in  the  prepara- 
tion  of  blood  specimens  for  ciinical  examinations,  produces  alterations  and  often  marked  changes 
in  the  red  cell.s,  and,  therefore,  is  unsuitable  for  histological  study  of  these  elements.  Attenua* 
tion  of  the  central  parts  of  the  cells  produces  appearances  that  have  been  mistaken  for  a  nucle- 
ate<l  condition  of  the  er>'throcytes.  Upon  cautious  application  of  heat,  with  precautions  against 
evaporation  and  drying,  the  corpuscles  extrude  portions  of  their  substance  which,  after  separation. 
resemble  miniature  red  cells. 

The  Colorless  Blood-cells. — It  may 

at  once  bc  cmphasized  that  the  colorless  cells 
observed  within  the  blood  are  only  incident- 
ally  related  to  the  red  cells  and,  furthcr,  that 
they,  in  part  at  least,  primarily  circulate  within 
the  lyniph-vascular  system,  from  which  they 
are  j)oured  into  the  blood. 

Whcn  exainined  in  fresh  and  unstained 
preparations,  the  colorless  cells  or  leuco- 
cytes  appear  as  pale  nucieated  elements 
which,  by  their  pearly  tint  and  refracting 
propcrties,  are  readily  distinguished  from  the 
much  more  numcrous  surrounding  er>'thro- 
cytes.  Their  shape  is  very  variable,  but 
when  first  \vithdniwn  from  the  body  is  usually 
irre^ularly  spherical  or  oval.  When  placed 
on  a  \varmed  slide  and  maintained  at  the 
temperature  of  the  body,  many  of  these  cells 
soon  exhibit  amceboid  motion,  \vhercby  are 
produciKl  not  only  alterations  in  their  form,  but  often  also  changes  in  their  actual 
position. 

A  nucleus  is  always  present,  but  mav  be  obscured  in  the  contracted  spherical 
condition  of  the  celi  by  the  overlying  granular  cytoplasm.  In  the  expanded  con- 
dition, as  when  the  celi  is  underji^oing  amoeboid  change,  the  nucleus  is  very  e\'i- 
dent  and  the  cytoplasm  often  diflercntiated  into  a  homogeneous  peripheral  zone 
(rxof>Iasm)  and  a  central  granular  area  {rndophsni)  surrounding  the  nucleus.  A 
distinct  cell-\vall  is  al>sent,  although  it  is  prokible  that  a  slight  peripheral  condensa- 
tion  ser\-es  to  outline  the  corpuscle.  That  .such  condensation  does  not  constitute  a 
definite  envelope  is  sho\vn  by  the  readiness  with  which  foreign  particles  may  be  taken 
into  the  bodv  of  the  celi. 

Althou^h  tlu*  size  of  the  colorless  coqniscles  varies  with  the  type  of  the  celi,  as 
f)resently  described,  in  general  the  diameter  of  these  elements  is  larger  than  that  of 
the  ervthrocvtes,  and  is  commonlv  from  .010--.012  mm.  Their  number  is  much  less 
than  tiial  nf  the  reti  corpuscles,  tlie  usual  ratio  l>et\veen  the  white  .ind  red  cells  being 
al>out  I :  rx.x\  Kven  within  phvsiological  liniits  this  ratio  varies  considerablv.  from 
5000  to  ir),o<v),  with  an  average  of  7500.  white  cells  heing  normallv  found  in  one 
cuhir  niillimcter  of  bUK)d. 


Varietles  of  colorleis  blood-cells  Men  In 
normal  human  blood ;  a,  small  lymphocytes ; 
bt  large  1yniphocyte  or  mononurlear  1(rucocytc: 
r,  tninsitional  leucocyte ;  d,  polvmorphonuclcar 
leucoc>  tes ;  f,  cosinophile ;  /",  rcu  cells.     *  900. 


Crilical  exaniination  of  tlit*  coiorltss  nlls.  afttT  fiNation  and  slaininjj,  has  shoun  that  among 
the  elements  colU-rtivi-lv  dfsivniat«Ml  as  tht*  "uhilr  tvlls"  or  '* lenrcKVtes."  five  varieties  are 
usuallv  present  in  normal  blood.     Since  the  reco^nilion  of  tlu-s«-  forms  is  sometimes  of  practical 
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importance,  a  brief  resum^  of  their  characteristics,  based  on  the  descriptions  of  Ehrlich  and  ol 
Da  Costa,*  may  appropriately  here  find  plače. 

It  should  be  noted  that  the  differentiation  of  these  cells  is  founded  upon  not  only  their 
morphological  characters,  but  also  the  behavior  of  the  granules  embedded  within  their  c>'to- 
plasm  when  subjected  to  certain  combination  stains.  A  generation  ago  Ehrlich  divided  the 
aniline  dyes  into  three  groups — acid,  daste ,  and  nculraL  The  first  includes  such  dyes  as  acid 
hichsin,  orange  G  or  eosin,  in  which  the  coloring  principle  acts  or  exists  as  an  acid  and  exhibits 
an  especial  af!inity  for  the  cytoplasm.  The  second  group,  the  basic  stains,  includes  dyes,  as 
hematoxylin,  methylene-blue,  methyl-violet,  methyl-green  or  thionin,  in  which  the  coloring  prin- 
ciple exists  chemically  as  a  base  in  combination  with  a  colorless  acid  and  particularly  affects  the 
chromatin  ;  hence,  such  are  nuclear  stains.  Neutral  dyes,  produced  by  mixture  of  solutions  ol 
an  acid  and  a  basic  stain,  have  a  selective  affinity  for  certain  so-called  neutrophilic  granules. 

Assuming  that  the  blood-film  has  been  fixed  by  heat  and  tinged  with  Ehrlich's  "triacid 
stain"  (a  combination  of  solutions  of  acid  fuchsin,  orange  G,  and  methyl-green)  the  following 
varieties  of  colorless  cells  are  distinguishable  in  normal  blood  : 

1.  Small  Lymphoc3rtes. — These  are  non-granular  cells,  with  an  average  diameter  of  .0075 
mm.  or  about  that  of  the  erythrocytes,  distinguished  by  a  large  deeply  staining  nucleus  that 
occupies  almost  the  entire  celi.  The  meagre  cytoplasm  is  reduced  to  a  narrow  peripheral  zone, 
so  inconspicuous  that  it  may  be  overlooked.  The  small  lymphocytes,  u  hich  constitute  from 
20-30  per  cent.  of  ali  the  white  corpuscles,  are  the  most  common  derivative  from  the  lymphoid 
tissues. 

2.  I^arge  Lymphocyte8,  or  Mononuclear  Leucocyte8. — These  elements,  about  .012  mm.  in 
diameter,  possess  a  relatively  small  round  or  oval  nucleus,  which  is  usually  eccentrically  placed 
and  so  poor  in  chromatin  that  it  stains  faintly.  The  cytoplasm  is  non-granular  and  comparatively 
large  in  amount. 

3.  Transitional  Lcucocjrtcs.— Assuming  that  the  lymphocytes  and  leucoc>*tes  are  related 
and  not  distinct  elements,  the  transitional  forms  represent  the  developmental  stage  linking  the 
large  lymphocytes  with  the  mature  leucocytes.  Their  distinguishing  feature  is  the  indented  or 
kidney-shai3ed  nucleus  which  usually  occupies  an  eccentric  position  within  the  non-granular 
cytoplasm.  The  latter,  as  wen  as  the  diameter  of  the  transitional  forms,  corresponds  with  that 
of  the  large  mononuclear  leucocyte. 

4.  Polymorphonuclear  Leucocyteft. — These  represent  by  far  the  most  common  type  of 
white  cells,  of  which  they  constitute  about  70  j>er  cent.  Their  diameter  is  approximately  .010 
mm.,  hence  they  are  somewhat  smaller  than  the  transitional  forms,  but  larger  than  the  red  cells. 
Their  cytoplasm  is  relatively  large  in  amount  and  contains  fine  neutrophilic  granules.  On 
account  of  the  great  diversity  of  the  forms  that  they  assunie,  the  nuclei  are  very  conspicuous, 
features  of  this  type  of  leucocyte.  At  first  sight  the  nuclei  appear  multiple;  closer  examination, 
however,  shows  the  seemingly  distinct  nuclei  lo  lxj  connected  by  delicate  processes,  so  that, 
although  exceptionally  two  or  more  isolated  nuclei  exist  and  the  cells  are  truly  polynuclear, 
their  actual  condition  is  appropriately  designated  as  polymor]:>honuclear. 

5.  Eosinophilcs.— Leuc()cytes  of  this  tvpe  are  conspicuously  distinguished  by  the  coarse, 
highly  refractive  granules  uithin  the  cytoplasm  that  display  an  especial  affinity  for  acid  dyes, 
particularly  for  eosin.  These  resemble  the  polvmorphonudear  leucoc>'tes  in  size  (.010  mm.) 
and  in  the  character  of  their  nuclei.  the  latter,  ho\vever,  in  general  being  less  distorted  and 
commonly  eccentrically  placed.  The  eosinophiles  are  prone  to  rupture,  after  which  the  pale 
nucleus  lies  in  the  midst  of  a  sNvarm  of  brightlv  tinged  granules. 

Although  other  tvpes  of  colorless  cells.  as  myeloc>tes  and  mast  cells,  are  of  clinical  interest, 
they  do  not  occur  in  normal  hlood  and,  hence.  need  not  be  here  discussed.  An  occasional  addi- 
tional  type  of  leucocvte,  the  basophile  cells,  is  rarelv  present  in  normal  blood.  These  elements 
resemble  the  polymorph(>nuclear  leucocvtes,  but  are  distinguished  from  the  latter  bv  the  presence 
within  the  c>toplasm  of  closely  packed  fine  granules  that  possess  a  strong  affinitv  for  basic  dves. 

In  the  foregoing  grouping  the  varieties  of  \vhite  cells  are  regarded  as  different  stages  of 
elements  geneticallv  related  and  derived  from  the  same  sources— a  view  supp<med  bv  the  early 
development  of  the  leuccK^vtes.  It  should  l>e  mentioned.  houever.  that  Ehrlich  and  manv  other 
hematologists  consider  thi-  lymphocytes  and  the  leucoc\tes  as  entirely  distinct  elements  l)elieving 
the  former  to  be  derived  from  Ivmphoid  tissues  and  the  leucocytes  exclusively  from  N)ne-marrow. 
Accordinglv,  the  large  lymphoc\'t(^  and  the  large  mononuclear  leucocytes  are  of  difTerent  nature, 
although,  as  universallv  admitted.  their  assumed  differentiation  is  at  best  uncertain.  The  presence 
of  ali  forms  of  white  cells  in  the  circulation  of  the  embr>o  long  hefore  the  appiarance  of  bone- 
marrow  (Ebner)  seems  conclusive  evidence  that  the  origin  of  the  leucocytes  is  not  limited  to  the 
marrow  tissue. 

The  Blood  Plaques. — In  addition  to  the  er>'throcytes  and  leucocvtes.  the 
blood  of  man  and  other  mammals  rejrularlv  contains  small  bodies,  the  blood  plaqiies 

*  Clinical  Hematology.     Phila.,  1901. 
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or  blood  piaieUts,  As  they  are  extraordinarily  sensitive  to  exposure,  even  to  entire 
disappearance,  special  precautions  are  necessary  to  insure  their  presence  in  an  unal- 
tered  condition  in  preparations  examined.  If  blood  be  drawn  directly  into  and  niixed 
with  a  drop  of  .7  per  cent.  salt  solution,  or,  stili  better,  into  one  of  weak  osmič  acid 
solution,  the  blood  plaques  appear  as  round  or  oval  discs,  from  .002-. 004  mm.  in 
diameter,  usually  somewhat  less  than  one-third  of  the  size  of  the  red  cells.  From 
thc^se  they  furthcr  differ  in  being  colorless  and  devoid  of  hemoglobin  and  in  staining 
readily  in  very  dilute  solutions  of  methyl-violet.  The  blood  plaques  are  homogeneous 
or  faintly  granular,  nonnucleated,  never  exhibit  amoeboid  movement,  and  may  be 
directly  observed  as  free  bodies  circulating  within  the  vessels.  On  withdrawai  from 
the  latter,  without  precautions  for  their  prescrvation,  they  at  once  collect  in  irregular 
masses  and  undergo  diši ntegrat ion,  their  remains  usually  being  centres  from  which 
radiate  the  fibrilhe  of  the  fibrin  net-works.  Notwithstanding  the  attention  bestowed 
upon  these  bodies,  the  source  and  significance  of  the  blood  plaques  are  stili  unde- 
termined,  although  numerous  theories  have  been  advanced.     Their  source  has  been 

variously  attributed    to   disintegration   of   the 
Fig.  649.  leucocytes,   to  extrusion    from    the  red    cells, 

to  precipitation  of  globulin  or  to  destruction 
of  the  endothelial  lining  of  the  vessels.  None 
of  these  assumptions  can  be  regarded  as  es- 
tablished,  or  even  probable,  in  view  of  their 
constant  presence  and  large  normal  quota — 
an  average  of  300,000  plaques  in  one  cubic 
millimeter  of  blood. 

Granules. — In  addition  to  the  corpus- 

clcs  and  the  plaques,  extremely  minute  gran- 

j^  ules    occur    in   varying    numbers   in    normal 

%  human  l)lood.     The  nature  of  these  partides 

differs.     Some  are  undoubtedly  finely  divided 
fat;  others,  described  by  H.  F.  Miiller  under 
^  the  name,  hcmocania,  are  of  uncertain  compo- 

sition,   but  not  fatty;  while  a  certain  proix)r- 

Human  blood.  shnwinir  reci  cells  aiid  »         .  r     i  i       j      •       j  x  ^i_      j»   •    ^  • 

blood  piaques.   a  625.  tion  IS  probably  denved  from  the  dismtegration 

of  endothelial  and  blood-cells.  The  destruc- 
tion of  the  latter  is  accountable  for  the  minute  particles  of  pigment  that  are  constant, 
if  not  numerous,  constituents  of  the  circulation. 

DF.VELOPMENT  OF  THE  BLOOD-VESSELS  AND  CORPUSCLES. 

The  earliest  blood-vessels  appear  \vithin  the  extra  embr}'onic  mesoblast  covering 
the  vitclline  sac  and,  therefore,  beyond  the  limits  of  the  embryo  proper  and  entirely 
indepcndent  of  the  heart  and  axial  trunks.  In  the  lo\ver  mammals,  the  formation 
of  the  primary  vessels  takes  plače  towards  the  periphery  of  a  limited  fieid,  known  as 
the  vasaUar  area,  that  encircles  only  a  portion  of  the  vitelline  sac;  in  man  the 
limited  proportions  of  the  latter  enable  the  net-work  of  developing  blood-channels  to 
extend  completely  over  the  vesicle,  so  that  the  vascular  area  becomes  coextensive 
with  the  yolk  siic.  Although  the  earliest  stag(M5  in  the  formation  of  the  primar}* 
blood-vessels  have  never  been  observed  in  man,  since  the  vessels  were  already 
present  over  the  vitelline  sac  in  the  youngc*st  embr)'o  so  far  examined,  it  is  probable 
that  the  development  of  the  human  vascular  tissues  is  essentially  the  same  as  that 
seen  in  other  mammals. 

In  the  rabhit,  the  first  indications  of  the  developing  blood-vessels  are  cords  or 
grouf)s  of  spherical  cells  that  appear  \vithin  the  deeper,  later  splanchnic,  layer  of  ihe 
mes<»l)last  covering  the  vitelline  sne.  These  tracts  become  larger  in  consequence 
not  onlv  of  [)roliferation,  but  niso  of  separation  of  the  component  cells.  The  meso- 
blastir  eloments  surrounding  the  tracts  soon  hiM-ome  disposed  as  enclosing  ualls, 
within  uhirh  the  se|)arated  ((*lls.  no\v  suspended  in  a  clear  fluid  that  has  meanwhile 
appeared,  represent  the  earliest  l)loo(l-ceIIs. 

The  channels  thus  established  unite  into  a  net-work  of  primar>'  blood-vessels  that 
at  first  occupies  the  periphery  of  the  vascular  area,  but  later  extends  towards  the 
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e[nbryo  and,  after  the  appearance  of  the  large  converging  trunks,  the  vitcltine  veins 
and  arteries,  joins  the  iiitra-einbryonic  trunlcs  that  coiiicidt;ntly  have  been  Cormed. 

Although  the  generally  accepted  current  views  relating  to  the  independent  origin 
o!  the  priniary  blood-vcsseU  within  the  vascular  area  have  not  escaped  challenge,  il 
may  be  regarded  as  tstablished  that  the  develo])ment  oi  subsequent  blood-vessiils 
proceeds  from  the  cells  constituting  the  walls  of  pre-existing  chaiiiicls.  The  wa]ls 
of  the  growing  capillaries  consist  of  dehcate  endothelial  plates  from  which  pointi.-d 
sprouts  grow  into  the  surrounding  tissue  (Fig-  ^51  J-  Thcse  outgrouths,  direct  pro- 
longattons  of  the  cytoplasm  of  the  eadothehal  cells.  are  at  (irst  sohd,  but  later  become 
hollowed  out  by  the  gradual  cxtension  of  the  luinen  of  the  capil1ary.  \'ascular  loops 
are  often  formed  by  the  ineeting  and  fusion  of  the  outgrowths  proceeding  iii  opposite 
directions,  the  commiinication  being  established  by  the  hiial  disappearance  of  the  st|> 
tum  in  a>nsequence  of  the  e.xtensiou  of  the  lumcn  of  the  parent  vessels.  At  tirat  rep- 
resented  by  onty  a  single  lavcr  of 

endothehal  cells,  the  walls  of  the  ^'^-  ^y>- 

laiger  blood-vessels  become  rein- 
forced  by  the  additioiial  layers 
deri  ved   from    the   surrounding 


Development  of  the 
Erythrocytes. — The  tirst,  and 
(or  a  tirne  the  only,  blood-cells 
present  within  the  embrvo  are 
the  primary  nucleatefl  erythro- 
cytes  derived  probably  directly 
from  the  mesoblastic  elements 
within  the  angioblastic  arcas  in 
which  the  earliest  vossels  api>ear. 
These  cells,  separateil  by  the 
colorless  plasnia  n-hich  appears 
between  thcm  and  in  whith  they 
hencelorth  float,  imdcrgo  mitotic 
divisian,  producing  nucleatcd 
elements  that,  in  tiirn.  givu  rise 
to  other  corpiiscles.  The  firi- 
mary  erytkrocytes  are  Bjjherical, 
nucleated,  andlarger(about.oi2 
mm.  in  diametcr)  than  the  adult 
red  cells.  At  first  their  cvto- 
plasm  is  colorless  and  slightlv 
granular,  but  soon  becomes  ho- 
mogencoiis  and  tingeci  with 
hemoglobin. 

After  the  earlicr  f<etal 
months,  during  \vhtch  prolifera- 
tion  of  the  blo<«i-cdIs  oociire 
in  ali  parts  of  the  ciroilaiion.  the  corpiisdos  eniragcd  in  division  withdr:iw  to 
localities  in  \vhich  tho  l>lon<I-cnrrent  is  shisn-'ish  and.  thiTeforc,  fa\orable  fnr  mitosis. 
Such  locitlitius  are  iKirtlciilarlv  the  liver,  splecn,  and  twne-marrow.  the  large  capil- 
laries  and  tis.sues  nf  whii-h  afli  ird  tcmporarv  resting  places  during  proliferation.  After 
a  tirne  the  primarv  crvtlirocvtfs  lose  their  nnclei.  dimtnish  in  size,  and  assnme  their 
detinite  form.  These  chanms  l>i-gin  during  the  sccond  frctal  month.  more  and  more 
nonnucleatcd  discnuinl  n-d  tills  appearing  as  gestation  advnnas,  s.i  that  at  birth 
almost  atl  the  nucUaiird  irvthrocvti«  have  dis:ippeare<l  Irom  the  (-irorlatlon. 

Since  the  n-d  iills  ]»i^scss  onlv  a  1iniite<l  vilalitv.  thiir  con:*tantly  ocurring 
death  rt-tiulrt-s  the  jinHiiution  ol  niw  corpiisHcs.  Proceding  the  <leviIopment  of  the 
spicen  and  li<in<--niarro\v.  th<-  liver  is  the  principal  cenlrf  of  blood-fr.rniation.  l.atcr 
the  spicnic  and  marro«-  lissiies  sharc  this  funrtion.  whilr  a/Ur  hitih  the  red  Ihhio- 
marrou-  is  thi-  ihii  i  s,at  in  whii-h  the oontinnal  additions  of  new  ervthrocvtes  neci-ss:iry 


Annels;   rcphallc  Hvnienl   of  ncurtl 

and  cy«-hud«;  CAuaal  »gnirnl  fitill 
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Developiiie  blood-vessels  in  einhr>'otial  subcutaneous  tissue; 
a,  \aiTgtT  capillarv;  A.  youn>c  capillarics;  c,  sulid  prutoplastnic 
outKrov^lhs  forming  nvw  vesscls.    >,  500. 


tO  maintain  the  normal  quota  are  made.  The  production  of  the  new  red  cells  within 
the  niarrow  j^roceeds  from  colorless  nucleated  elements,  the  €rythroblastSy  that  by 
division  give  rise  to  the  nucleated  erythrocyies  or  nonnoblasts  which,  upon  the  ap|)ear- 

ance  of   hemoglobin  and  the 
Fig.  651.  disappearance  of  their  nuclei, 

are  transformed  into  the  usual 
red  cells,  and  as  such  enter 
the  circulation. 

The  disappearance  of  the 
nucleus  of  the  nonnoblasts  has 
long  been  a  subject  of  discus- 
sion  and  speculation.  Accord- 
ing  to  the  older  view  —  stili, 
however,  accepted  by  many — 
the  nucleus  is  extruded  from 
the  erythrocyte  and  under- 
goes  disintegration,  thus,  in 
the  oj)inion  of  some.  supply- 
ing  the  source  of  the  blood 
j)laques.  According  to  ihe 
more  recent  views,  held  by 
Neumann,  Kolliker,  Pappen- 
heim,  Israel,  Ebner,  andothers, 
the  disappearance  of  the  nu- 
cleus is  due  to  its  solution  and  absor[)tion  within  the  erythrocyte.  Under  normal 
conditions  nucleated  red  cells  or  normohlasts  do  not  occur  in  the  circulation.  After 
severe  hemorrhage  or  in  other  conditions  requiring  unusual  activity  of  the  blood- 
forming  processes,  they  niay  be  present  in  large  niimbers  until  the  normal  quota  of 
er)'throcytes  has  been  once  more  estahlished.  In  vicw  of  the  constant  presence  of 
erythroblasts  and  nucleated  erythrocytes  \vithin  the  splenic  pulp,  the  spleen  must  be 
regarded  as  an  additional,  although  under  usual  conditions  limited,  source  of  the  red 
blood-cells.  \Vhen,  howcver,  the  necessity  for  rapidly  augmenting  the  number  of 
red  cells  arises,  the  sf)Ieen  may  assume  the  r61e  of  an  active  blood-producing  tissue. 
Since  such  cells  are  found  also  in  the  thvmus,  this  body  probably  must  be  included 
among  the  blood-forming  organs  of  early  life.  Therc  is  no  satisfactory  evidence  that 
the  erythrocytes  are  derived  from  the  colorless  cells  or  from  the  blood  plaques. 

Developnnent  of  the  Leucocytes. — During  the  first  \veeks  succeeding  the 
apj)earance  of  the  primarv  red  cells,  the  lattcr  are  the  only  elements  within  the  circu- 
lation.     In   the  second  fcetal  monlh,   houcver,   leuco- 
cytes   appear,  and  henceforth  are  companions  of  the 
er\'throcytcrs.      As   alreadv  noted.   the  \vhite  cells  are 
elements  that  primarilv  belong  to  the  Iymphatic  sys 
tem,    from    \vhich    they   are    poured    into    the   blood- 
channels.      (leneticallv    the    red   and   \vhite   cells   are 
entirdv  distinot  and  unrelated. 

Concerning  the  origin  of  the  first  leucocvtcs  much 
uncertaintv  exists,  although  it  is  generallv  assumed  that 
thev  arise  from  mesoblastic  (h*11s,  and,  therefore,  to  that 
extent.  share  \vith  the  erythr<)cytes  a  coinmon  source 
SuggfstivL-  as  are  the  vie\vs  of  Bcard,*  Retterer,  Nus- 
hauni  and  Prvuiak."  and  others,  supporting  the  origin 
of  Ifucocvtfs  Nvithin  the  earlv  thvmus  in  loco  and  not, 
as  generali  v  held,  by  invasion  from  the  surrounding 
mesoblast,  thev  cannot  be  regarded  as  esUiblished.     The 

conelusion  of  Heard.  that  the  first  leiicocytt*s  to  apj)ear  within  the  embr\*o  owe  their 
production  to  the  nietamorphosis  <)f  the  entoblastic  epithelium  of  the  primar)'  th\'mus. 
and  that  the  sn!)sequent  migration  of  the  leucocvtes  so  derived  establishes  foci  from 

'  Anatom.  An/eijjrr,  Htl.  xviil.,  1900. 
'  Anatom.  Anzeij^er,  \\^\.  xix.,  1901. 
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which  are  developed  the  v-arious  masses  of  lyinphoid  tissue  occurring  throughout  the 
bocly,  has  been  challenged  by  Hammar,'  who  found  leucocyt<^  iii  the  blood  and  con- 
nective  tissues  of  the  human  foetus  bcfore  thcy  appear  in  the  thy[nus.  In  any  event 
it  is  probabie  that  the  first  l«;ucocytes  orijrinate  as  ainceboid  cells  oiitside  the  ves- 
sels,  which  they  later  enter,  aided  by  their  nii}fnitory  powere.  Their  subsequent 
multiplication  is  eRected  by  divisiun,  for  the  most  part  mitotJc,  of  the  pre-existing 
cells.  This  prolifenition  occurs  chiefly  within  the  lyinphotd  tissue  throughout  the 
body,  the  lymph-nodulcs,  spletu  and  bone-marrow  being  the  most  important  local- 
ities.  The  germ-centres  of  the  lymph-nodules  (pagc  936I  are  seals  of  especial 
activity  for  the  formation  of  tlie  typL-s  of  colorless  celi  knowii  as  the  mononuclear 
lymphoc)te,  although  whether  tlie  proliferating  cells  originute  »ithin  the  germ- 
centres,  or  ouly  complete  their  division  in  these  situations  aftcr  being  carried  from 
other  points  (Stbhr),  is  stili  unsettled. 

From  the  developmental  standpoint,  the  sharp  separation  of  the  colorless  blood- 
cells  into  lymphocytes  and  lcucocytes,  as  insisted  upon  l)y  Ehrlich  and  his  supportere, 
based  on  the  assumption  thl«  the  Ieucocytes  originate  exclusi\-ely  uithin  bone-inarrow, 
is  not  well  founded  in  view  of  the  presence  of  ali  the  typical  forma  of  white  cells,  in- 
duding  the  polymorphoniiclear  leucocytes,  shortly  after  the  first  appearance  of  the 
>*-hite  corpuscles  and  long  bel<)re 

the  advent  of   the  earliest   bone-  Fig.  653. 

marroHP  (Ebner),  For  the  pres- 
cnt,  at  least.  It  seems  most  reason- 
able  to  regard  the  varioiis  forins 
of  the  white  cells  as  constituting 
a  genedc  sequence  in  which  the 
lymphocyte,  leucocyte,  and  cosin- 
ophile  represent  difierent  stages  in 
the  development  of  elemcnts  hav- 
ing  a  common  origin. 

In  addition  to  ihe  red  bUxKi- 
cells  in  various  stages  of  develop- 
ment and  the  diRerent  ty|>es  of 
leucocytes,  peculiar  huge  elenients 
early  appear  in  the  embrjonio 
blood-iorming  organs.  and  after 
birth  in  bone-marrow.  These  o*i«*iasis  -- 
giant    cells,    or     megakarvocvtes 

(Howell),     are    distinguished     l>y  S«tionoI*mbr>-oniilhone-nurft™r.«bowtoK 

their   lai^e,  irregularly  lobulatcd  k"r>  "yie. ''^'(Iis!^*'"'  '■""**""  ""^  "'■^ 

but  single  nucleiis  (rom  the  r>stei>- 

dasts,  since  the  nuclei  i>t  the  latter  are  usually  oval  and  multiple.  The  megakaryo- 
cyte3  are  often  obser\-ed  containing  «ithin  their  siil>stance  the  remains  of  both  tthite 
and  red  cells;  thev  are,  therefore;  regarded  as  phagucvtes  upon  which  de\olves  the 
renio\'al  of  effi-te  blo<«l -corpuscles.  Thuir  origin  is  \iticertain,  by  some  ( Howell,  \an 
der  Stricht.  Heidenhain)  being  referred  to  the  leucocytes.  and  bv  others  ( Kolliker, 
Kuborn)  to  the  endothilinin  i>l  the  vessels,  while  Ebner  regards  those  wtthin  the  bone- 
marrow  as  probablv  derived  from  lixcd  cnnneclive  tissue  cells  of  the  reticulum.  Nei- 
therform  of  those  giant  marrow-cells  is  norniallv  found  within  the  post-natal  circuJation. 

THE  HEART. 

General  Dcscription. — The  heart  is  a  hollo\v,  mnscular  orjpm  of  a  somewhat 
conical  shaj^e,  siuiateii  m  IJic  Imver  ]>:(rt  of  the  thoracic  c.nvitv.  t>ehind  the  lower  two. 
thirds  of  the  sternnin.  It  is  'nilosed  within  a  doiible-naJh-d  scn.us  s;ir.  \\\vperifar- 
dium,  and  hasii  si)in<wlmt  obti.|Uf  jiositi.m  in  thcthi>rax.  ils  i^o.«' i  hasis  corilis)  looking 
upward.  dorsallv.  and  to  thr  right.  while  its  apc.\  fapcs  corilis)  ]).>inls  downward.  ven- 
tmllv,  and  to  the  kft.  In  i. .nset]uence  of  this  obliijuitv  almui  twii-thiriis  of  the  organ 
lies  to  the  lelt  and  one-third  to  the  riijht  of  the  median  jilanc  of  the  liiHly. 
'  Aiintotii.  .An/eiKer,  Itd.  .xxvii..  \<^<^. 
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great  vessels  communicatcs  »-ith  its  ventricie  are  puarded  by  speciiil  valves  known<is 
the  semilunar  valves. 

The  auricular  portJon  of  the  heart  rests  upon  the  posterior  part  of  the  base  of  the 
ventricular  portion,  and  is  best  viewed  from  the  posterior  surface  (Fig.  655),  since 
it  is  almost  completely  hidden  anteriorly  by  the  two  aort«.  Like  the  ventricular 
portion,  it  is  composed  of  two  separate  chambers,  which  are  not,  howe\'er,  very 
apparent  on  surface  view.  These  chambers  are  the  rigkl  and  ie/t  auricles,  and  com- 
municate  with  the  correspondinif  ventricles  by  auriculo-venlriailar  orifices  ^arded 
by  special  auriculo-ventricular  valves.  PVom  the  lateral  part  of  the  anterior  sur- 
face of  each  auricle  a  process,  the  auticular  appendix,  arises.     These  appendices  are 

Fig.  655. 


slightly  flattened  prol.injiations  i>f  the  auricles,  and  bend  fonvar<l  aronnd  the  Kisi-s  of 
the  aortie,  whicli  thcv  sli^hilv  overlap  in  front;  thcy  are  the  onlv  portions  <if  the 
auricles  visible  iip<in  the  jinterior  snrface  of  the  heart.  UjMin  its  superior  surface  the 
right  auricle  reccivcs  the  termination  of  a  larjre  \cnous  tnmk.  the  vena  cava 
superior,  which  retiirns  to  the  heart  blood  from  the  liead.  neck,  up|)er  eslremitit-s, 
and  walls  of  the  lhora\  :  \vhile  upon  its  posterior  surface  is  the  opening  of  another 
large  vessel.  tlie  vena  rava  inferier,  which  roturns  l>Ii»>d  (nun  the  aUlominal  and 
petvic  walls  an<1  \iscira  aiid  from  the  l<>\\er  linilw,  The  Icfl  auricle  recci\-i-s  iiptin 
Its  surface  the  fcnir  fiulmotiarv  veins  ammtjed  in  [niirs,  one  pair  situated  towards  the 
left  portion  of  the  auricle  and  the  othcr  towank  the  rijjht. 
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It  may  be  regarded  as  possessing  two  surface>,  which  are  nol,  howevi;r,  duitinctly 
separated,  but  pass  intu  each  (Uher  with  rounded  cdjfcs,  especially  upon  the  left  side. 
One  of  these  surfaces  UkiIcs  lonvard  and  soinevvhat  upward,  and  is  separated  by  the  p«i- 
cardiutn  and  some  l(X)sc  ari-olur  tisiiuc  froni  cuiitact  with  tht;  sternum  and  the  loner 
co9tal  cartilafjfs,  the  thiii  anterior  edges  of  tho  luiigs  and  jiltura:  also  intentnmg  to 
a  conaiderable  cxti.[it;  this  is  tlio  anicro-superior  sur/aic  ^facies  Gternocostali))),  and 
for  convenience  it  niay  bc  more  briefly  lermed  the  anierior  sitrface.  The  other,  the 
postero-inferior  or  poslerior  sur/ace  (facies  d laphraK matica),  rests  directly  upon  the 
upper  surface  of  the  diaphragm. 

At  about  onc-third  of  the  distance  froin  the  base  to  the  apex  a  deep  circular-^ 
groove,  more  distinct  u|xin  the  posterior  surface,  siirrounds  the  heart,  separating  an«- 


Fig.  654. 


5y>Icniic  RorU  (aoru) 


Upper  thin-walli-d  Liuriciilar  portion  of  ihc  or^an  [rom  a  lower  ihick-wall«i  ventricuU-*^ nj 
one  ;  this  yrin>\f  is  tt-rined  the  aui-kiih-vtiitricular  groo%-c  (sulcus  coronarins),  a^^*■^^^ 
contains  the  proximal  jioriiuns  of  the  coronarv  vessels  which  siipply  the  hearfs  sut^    -gj 
stancc.      F,xtendiiij;  tmvanls  the-  ;ipix  from  this  gro<ive,  tw'o  other  shallower  grDov^^^j,,. 
are  to  hv  ol>s(-rved,  oik-  sitiiatii!  tovvards  ihc  right  side  of  the  anterior  surlace  and  th>  ^^(, 
other  ii|)on  the  [Kisterior  siirlace.      These  i;rnov(»,  whirh  also  lodgc  portions  of  th^  J^  j. 
coronarv  vessels,  :ire  the  anlirior  iuid  posdrior  intertrntricular  grooies  (tnilci  loDni-  *^, 
tndinalcs),  and  mark  ihe  line  uf  separation  of  the  ventriciilar  portion  of  the  heart  inti^^ 
ttto  chanilHTs  kn.nvn  as  the  right  and  li-fi  vetitrifUs.     From  the  I>ase  of  the  right\-en^^ 
tricle  a  larj;e  IiIihkI-vcsscI.  \\\i.- piihmonirv  aoiUi  \i\ pulmotiarv  arteTy,  ariscs,  vthilefror^^^ 
the  iKise  of  the  ieli  vcniricli-,  mut  alninst  iinniediatelv  posterior  to  the  root  of  the  puL 
monary  aorta,  llie  syiiknik  aotta  lukes  its  nrij;in.     Tlie  orilices  by  which  each  of  the***' 
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great  vessels  commtinicates  with  its  venlriclt  are  giiardccl  by  ai>cci:il  valvea  know'n  ;ta 
the  stmiluiiar  i-alves. 

The  auricular  portion  of  the  heart  rests  upon  the  posterii)r  part  of  the  ba.se  ol  the 
ventricular  porticin,  and  is  b«jt  viewed  from  the  posterior  surface  (Fijf.  655),  since 
it  is  almost  completely  hidden  anteriorly  by  the  two  aortie.  Like  the  ventricular 
pottion,  it  is  coinposed  of  two  separate  chambers,  which  are  nnl,  howe\'er,  veiy 
apparent  on  surface  view.  These  chambers  are  the  righl  and  /r/l  auricles,  and  com- 
municate  with  the  correspondind  ventricles  by  aurieulo-vctitricular  orifices  Ruarded 
by  special  aurintlo-vcntricular  valves.  From  the  lateral  part  of  the  anterior  sur- 
face of  each  auricle  a  process,  the  autkular  apf>endi.\\  arises.     These  appendices  are 


Ldt  p«linQOnfy 


Snp.  Icfl  pulm,  ipln  -— 


Right  pultnonarjr 


lufmo-rv 


Inl.  Icft  pulm.  ve 


slig'htly  flatteni-d  prolon^,-:!!]..!«  <if  the  auricles.  and  hend  f.iruard  arnitnd  ihe  biist-s  of 
the  aortie,  uhich  thiv  slit;hlly  iiverlap  in  front:  they  are  the  onlv  jMirtions  of  the 
auricles  visil>le  u]inn  ihc  antcrinr  surface  of  the  heart.  Vi>on  its  siiptrior  surface  tho 
right  auricU-  ni.ives  the  lerruination  o(  a  l:tc>re  venoiis  trunk.  the  retia  tava 
SUperior,  which  returns  i<i  the  heart  htood  (rom  the  he;id,  mrk.  upper  e\tretnities, 
and  walls  of  the  thnra\  :  nhile  upcm  its  |xwterior  surfare  is  the  o|)emnp  nf  another 
large  vessci,  the  vrna  ctiva  inf.i-ior.  \vhieh  returns  lilooii  fri.ni  the  al)diiminal  and 
pclvic  w-;ills  and  visoer.i  and  fnim  llie  l.mcr  linil>s.  The  Uft  anriele  rereives  ui>on 
Its  surface  the  f..ur  pulmon.nv  jrinx  arrauj,'i-d  iii  pairs.  one  p.dr  situated  towards  the 
Icft  portion  of  the  aurick-  and  the  <ither  tinvards  the  rij,dit. 


692 


HUMAN   ANATOJVIV. 


Fig.  656. 


Position. — The  heart  may  vary  consiclerably  in  position  without  being  rcgarded 
as  ahnormal,  but  \vhat  niay  be  considercd  its  typical  position  with  reference  to  the 
anterior  thoracic  wall  mav  be  stated  about  as  follows  :  The  ap€x  is  situated  behind 
the  fifth  intercostal  space,  about  8  cm.  (31/^  in.)  from  the  median  line,  ihis  position 
being  median  to  and  slightly  below  the  junction  of  the  fifth  costal  cartilage  with  its 
rib.  The  Icvel  of  the  base  may  be  approximately  indicated  by  a  line  dniwn  from  a 
point  slightly  alx)ve  the  upper  border  of  the  third  costal  cartilage  of  the  left  side, 
about  4.5  cm.  (13^  ^^O  ^''^^"^  ^^  median  line  of  the  sternum,  to  a  point  upon  the 
upper  l^order  of  the  third  costal  cartilage  of  the  right  side,  al)out  3  cm.  ( i  ^  in.  ) 
from  the  middle  line.  If  now  the  left  end  of  the  base-line  be  united  to  the  ap>ex 
point  by  a  line  which  is  slightly  convex  towards  the  left,  and  a  line,  fliarkedly  convex 
towards  the  right,  be  dra\vn  from  the  right  end  of  the  base-line  to  the  junction  of 
the  seventh  costal  cartilage  of  the  right  side  \vith  the  sternum  and  thence  to  the 

ai)ex  point,  a  heart-area  \vill  be  en- 
closed  which  corresponds  to  the  out- 
line  of  the  organ  as  seen  from  in 
front. 

Considerable  importance  at- 
taches  to  the  location  of  the  auriculo- 
ventricular  and  aortic  orifices  with 
reference  to  the  anterior  thoracic  wall. 
The  right  auriculo-ventrinilar  ari- 
ji ce  in  a  typical  heart  lies  on  a  le  vel 
with  the  attachment  of  the  fifth  costal 
cartilages  to  the  sternum,  almost  be- 
hind the  median  line  of  that  bone  and 
opposite  the  fourth  intercostal  sj>ace, 
while  the  ie/t  auricuio-veniricuiar 
orijice  is  opposite  the  sternal  end  of 
the  left  third  intercostal  si)ace.  In 
other  words  these  openings  lie  along 
a  line  which  corresponds  with  the 
auriculo-ventricular  groove,  and  this 
may  be  represented  by  a  line  drawn 
from  the  upper  border  of  the  junc- 
tion of  the  seventh  costal  cartilage  of 
the  right  side  with  the  sternum  to  the 
sternal  end  of  the  third  left  costal 
cartilage.  The  right  orifice  is  lo- 
cated  upon  the  line  where  it  is  inter- 
sected  by  a  line  joining  the  sternal 
ends  of  the  fifth  costal  cartilages, 
while  the  left  one  is  situated  at  its 
upjHT  end. 

The  svstemic  and  pulmonar)' 
aortic  oritict^s  are  situated  at  about 
the  level  of  the  attachment  of  the  third  costal  cartilages  to  the  sternum,  the  pulmon- 
an'  orificc  being  behind  the  sternal  end  of  the  third  left  cartilage,  \vhile  the  ax*rtic 
orifice  is  behind  tht-  left  half  of  the  sternum,  a  liltle  belo\v  and  to  the  right  of  the  pul- 
mon;.;* v  (»ne,  the  two  orifices  overlapping  for  about  one-quarter  of  their  diameters. 
It  is  to  be  noted,  howevcr,  that  the  pulmonary  aorta  is  directed  up\vard  and  to  the 
left,  \vhile  the  .systemic  aorta  inclines  decidedlv  to\vards  the  right  in  the  first  part  of 
its  cours<':  and  since  the  sounds  <*ansed  bv  the  valves  which  guard  the  orifices  are 
carried  in  the  dirertion  of  the  blood-stream,  auscultalion  of  the  jnilmonarv  semilunar 
valves  niav  be  practised  over  the  sternal  end  of  the  second  left  intercostal  space, 
whil(*  that  of  the  svstemic  valves  is  best  i)erformed  over  the  sternal  end  of  the  second 
rij^ht  spa(  t*. 

Similarlv  the  rlose  i)ro\iinity  iA  the  areas  of  the  left  auriculo-ventricular  and 
svstemic  aortic  orifices,  as  projected  upon  the  thoracic  wall,  might  lead  to  confusion. 


Positirn  of  heart  and  v.ilvos  in  relation  to  anterior  Ihoracic 
wall.  A,  aortir  valvc  ;  I*,  valvc  <>(  i)ulTn<»nar>'  aoria  ;  T.  Iri- 
cus(>id  valvc;  M,  mitral  valvc. 


THE   CHAMBERS   OF   THE   HEART.  693 

*'ere  it  not  that  the  course  of  the  blood  passinjj^  throiigh  thc  two  orihccs  is  in  oppositc 
directions,  and  the  auscultation  of  the  auriculo-ventricular  oritice  is  c()nsequenlly 
iatisfactorily  performed  to\vards  the  apex  of  the  heart. 

Considerahle  variatioii  from  the  position  of  the  heart  indicated  alx>ve  iiiay  l)e  found.  Thus, 
:he  aF>ex  inav  be  siliKited  behind  the  tifth  costal  cartilape,  or  more  rartriv  the  sixlh,  and  ihe  pul- 
Tionary  aortic  oritice  niay  occur  as  hij^h  up  as  the  second  intercostal  space,  or  as  low  as  the  leve! 
yi  the  tourth  costal  cartila^e. 

The  heart  naturallv  has  ils  ix>sition  altered  sonieuhat  durinj?  »ts  coiitractioii  and  duriii^  the 
-espirator>'  acLs,  and  the  position  of  the  l)ody  \vill  also  have  sonieeflfect  in  iiKKlifyin};  ils  KK:atioii. 
Kestin^,  as  it  does,  iipon  the  diaphragin,  the  heart  will  alter  its  i><.>sition  sonieuhal  with  altera- 
ions  of  that  miiscle  ;  and  since  in  the  child  the  diaphrajj^n  is  sonieuliat  hijjher  and  in  the  aged 
K>iiie\vhat  louer  thaif  in  the  niiddle  period  of  lile.  ct)rres|H)ndinjc  chanj^es  acct)rdin3<  to  ajje  will 
3e  found  in  the  |X)sition  of  the  heart.  It  may  lx;  noted,  furthennore.  that  the  |xjsition  of  the 
leart  as  detemiined  in  the  cadaver  uill,  as  a  rule,  be  sli^htlv  hi^her  than  in  the  livinj««^  UkIv, 
>win]i>:  to  posl-morteni  tissue  chanjjes  Nvhich  allow  tlie  diaphragni  to  assume  a  more  vaulted  form 
:han  is  usiial  in  life. 

Relations. — As  rej^irds  its  relations  the  heart  is  completelv  enclosed  uithin  the 
^ericardium,  \vith  \vhich  alonc  surrounding  organs  come  into  contact.  In  what  fol- 
ows  it  is  reallv  the  relations  of  the  pericardiuin  that  uill  be  described,  although  of 
iecessity  these  relations  are  indirectlv  those  of  the  heart  and  will  be  spoken  of  as 
>uch. 

Afiterioriv  the  greater  part  of  the  heart  is  covered  by  the  anterior  borders  of 
:he  lungs  and  pleune,  \vhich  separate  it  froni  contact  \vith  the  anterior  thoracic  \vall. 
As  a  rule,  the  anterior  borders  of  the  pleune  are  in  contact  fn>ni  the  level  of  tiie 
second  costal  cartilage  to  that  of  the  fourth,  but  bel()W  the  latter  lovel  they  separate, 
the  border  of  the  left  pleura  diverging  from  the  median  line  more  rapidly  than  that 
Df  the  right.  In  consequence,  throughout  an  irregiilarlv  triangular  area  (Fig.  1580). 
kii'hose  vertical  diameter  extends  from  the  level  of  the  fourth  to  that  of  the  sixth 
rostal  cartilages,  the  heart  is  uncovereil  l)y  the  pleune  and  lies  directly  behind  the 
ihoracic  \vall.  This  area  forms  \vhat  is  termed  by  clinicians  the  area  of  absolute  dul- 
nrss.  Laterallv  the  heart  is  in  relation  with  the  limgs,  the  phrenic  nen-es  passing 
downward  on  either  side  betueen  the  pericardium  and  the  pleura.  PosteHorly  the 
relations  are  again  \vith  the  lungs  and  with  the  (esophagus  and  the  thoracic  aorta. 
lnferiorly  the  heart  rests  directly  upon  the  diaphragni.  beneath  uhich  is  the 
stomach. 

Size  and  Wcight. — There  is  considerable  individual  variation  in  the  size  of 
the  heart,  and  marked  discrepancies  e.\ist  in  the  observations  that  have  been  re- 
x>rded.  It  may  be  said  that  in  the  adult  the  heart,  on  an  average,  uill  possess  a 
ength  of  from  12-15  cm.  (4-'i-6  in.),  a  greatest  breadth  of  from  9-11  cm. 
f3j4— 4)^  in.)  and  a  thickness  of  from  5-S  cm.  (2-3*4  *"•)• 

Itsweight  has  been  given  at  from  266-346  gm.  (93^-12*4  oz.)  for  males  and 
TOin  230-340  gm.  (  8  »Ž-12  oz.  )  for  females,  the  average  of  a  series  of  oljser\ations by 
Jifferent  authors  giving  312  gm.  (  1 1  oz. )  for  the  male  and  274  gm.  (93:^  oz. )  for  the 
female.  The  proportion  of  heart  to  the  ueight  of  the  entire  body,  according  to  an 
iverage  draun  from  several  observers,  is  i  :  169  in  the  male  and  i  :  162  in  the  female. 
It  must  be  remembere(l,  houever,  that  the  ueight  of  the  heart  increases with  age  up 
to  about  the  seventieth  year,  probably  a  slight  dimiinition  taking  plače  after  that 
period. 

THF  CHAMBERS  OF  THE  HEART. 

It  has  alreadv  been  noted  that  the  heart  is  composed  of  four  chamtKTs.  a  right 
and  left  auncle  and  a  right  and  left  ventricle.  As  the  heart  lies  in  position.  little  of 
the  auncles,  uith  the  exception  of  the  auricular  appendices,  can  be  seen,  since  thev 
have  m  front  of  them  the  roots  of  the  aortae.  In  the  ventricular  portion  the  grejiter 
part  of  the  anterior  surface  is  formed  bv  the  right  ventricle,  a  small  portion  onlv 
of  the  left  ventricle  showing  to  the  left  and  at  the  apex,  the  uhole  of  uhich  is  formed 
bjr  the  left  ventricle.  The  four  chambers  will  now  be  considert^d  in  succession,  b^n- 
nmg  with  the  auricU»s. 

iiJf^^u  ^^^^  Auricic.— The  right  auride  ratriiim  dextniin>   is  a  relativelv  thin- 
walled  chamber  having  in  cross-section  a  roughly  triangular  fonn.  the  varioiis  sur- 
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faces,  however,  passing  into  one  another  altnost  insensibly  uithout  forming  disttnci 
angles.  Viewed  CxternsUy,  the  roof  of  the  chamber  is  direcled  upward,  backuard, 
and  somewhat  to  the  right,  and  near  its  junction  with  what  inay  be  termed  ihe  poste- 
rior  wall  receives  the  superior  vena  cava.  The  posterior  walt,  also  smooth  and 
rounded,  receives,  near  its  junction  with  the  median  wall,  the  interior  vena  cava,  and 
below  and  to  the  left  of  ihis,  in  the  posterior  auriculo-ventricular  groo\'e,  is  the  ter- 
minal portion  of  a  vein  which  winds  around  the  heart  from  the  left  and  is  termed  the 
((Tirnarv  "'"•"  The  antero-lateral  wall  is  protonged  into  a  sonievhat  triangular 
diverticulum  with  crenulaled  edges.  which  wiiids  antt;riorly  around  the  proximal  por- 
tion of  the  systemic  aorta  and  is  known  as  the  rtgAf  auricular  appendix  (aaricula 
deitraj.  The  median  wall  is  not  visible  on  surface  view,  aiiffte  lormM  by  a  rather 
thin  muscular  partition,  the  anricular  scpiiim  (septum  atriorum),  which  is  common  to 
both  auricics  ;  and  the  floorralso  invlšTble  Irom  the  exterior,  corresponds  to  the  base 
of  the  right  ventricle,  and  is  perforaled  by  an  oval  aperture,  the  ri^hl  auriculo-ven- 
._  tricnlar  orifice,  which  places  the  cavity  of  the  auricie  in  communicatTori~witri  that  of 
Tlie  nght'  Vent  ri  cle. 

Fii;.  657, 


When   the  interior  of   the  right  auricie  is   e.\amined  (Figs,  657.  66[).W      ""^ 
surface  is  found  to  be  lor  the  most  part  smooth,  being  lined  throughout  by  a  delJc^"^^^ 
shining  membrane  covered  by  Hattened  cells  and  termed  the  endocardium.     T      -^** 
general  smoothness  of  the  surface  is.  however,  interrupted  here  and  there  by  minu^*"  "'J 
depressions  (foramina  venarum  mi  ni  mam  m  >  into  some  of  which  open  the  orifices 
Thebesian  vcins  that  traverse  the  wa!ls  of  the  heart.      The  cavity  of  the  aiiricuT^™ 
aEije.ndlŠ  is  crossed  by  a  net-work  of  anastomosing  tibro-muscular  trabeciils,  t: — ^^* 
muiHili_^eclinaii,  which  are  e\erywher(.-  lined  upon  their  free  surfaces  by  endocardii«^— ^ 
and  givc  t(i  the  appendix  a  somewhat  spongv  textiire.      In  the  roof  of  the  auride     ^ 
scen  llic  circiilar  orifice  of  Ihe  superior  vena  cava,  unguarded  by  vahes  and  ha\-in(^^S| 
diamctcr  o(  from    18-22  mm.,  and  on  the  posterior  wa II   is  the  somewhat  oMig^ 
openiitg  of  the  inferior  vena  cava.  somewhat  larger  than  that  of  the  superior  '^^^^l^ 
mcasuring  from    27-36  mm.   in  diameter.     l"he  lowcr  and  lateral  marfrins  of  th^^^^ 
orifice  are  guarded  bj-  a  crescentic  fold.  the  Euslachiail  valv£  (valTnla  Tenae  ^■'-\__^. 
ioferioris ).  which  tends  to  direct  the  blood  entenng  by  the  vein  upward  and  mediall^^'' 
and  is  the  remains  of  a  structure  of  considerable  importance  during  fcetal  life  (pagjjSf 
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708J.  Between  tlie  superior  and  inlerior  vuna- cava;  ihere  may  sonietimes  bc  seen 
a  more  or  less  marked  prominence  of  ih«  posterior  wall,  the  tubercle  o/  Lower 
(tabercultun  intervenosum),  the  reniains  of  a  structure  aiso  of  iinponance  in  iW  laelai 
circulation.  Below  and  soiiicuhat  median  to  the  openiiig  of  the  init-rior  \'ena  cava 
is  the  circular  orifice  o/ the  caronary  sinus,  measuring  about  12  mm.  in  diameter, 
and  guarded,  like  the  inferior  cavar^fice,  by  a  crescentic  valve  which  surrounds  its 
lateral  margin  and  is  lermed  the  Tiifbe!Ufm..vabie  (\alvula  sinus  eoronarii)- 

The  median  wall,  in  addition  to  a  number  of  Thebesian  nritices,  presents  at  aboiit 
its  centre  an  oval  depression,  the  /ossaovaiis,  \vhose  superior  aiid  anterinr  borders 
are  surrounded  by  a  thickening  or  slight  lold  tenned  the  aimuliis  ovalis  ( limbns  fossae 
OTalis). 

The  fossa  ovalis  inilicates  the  position  of  vihat  was  in  f<tlal  life  the  foramen  ovale,  tlirou^h 
»hich  the  blood  enlerinK  Ihe  right  auricie  from  the  inferior  vena  cavajKissi-d  dirci.-tly  inlo  the 
left  auricie  and  so  joined  at  once  the  sjNlemic  circulation  i page  919).  This  forain<:n  traversed 
the  auricular  septiim  obliquely,  the  scptiini  really  consisting  of  lwo  folds.  one  of  which  |>roiected 
backward  from  the  aiiterior  wall  of  the  auricular  portion  of  the  heart,  and  the  other  fonvard  from 
Ibc  posterior  wall,  the  plane  of  the  latter  fold  IjinR  Hlighllv  to  the  left  of  tliat  of  the  former  one. 
Afler  birth  these  two  folds  increase  in  size  so  that  their  free  niargins  overlap  and  event- 
ua1ly  fuse,  dosing  the  foramen,  and 
the  oneinal  free  edge  of  the  ante- 
rior  fold  becomes  the  annulus  of 
Vieussens,  while  the  floor  of  the 
fossa  ovalis  is  iormed  by  the  pos-  ^"ij^*^ 
lerior  fold. 

It  occaMonally  happens  that 
Ibe    foramen  ovale  fails  to  rlose 
aher   birth,    remaininf;   sitf)iclently         ^ 
open  to  permit  of  serious  disturlv      ui^rMi 
ances  of  the  circulation  which  are      ,. 
usuaUy,  aithoiigh  not  alu-aj-s,  eaTly        o™"i| 
iatal.     Very  frequently,   however, 
the  fusion  of  the  overlapping  sur-       Eustat 
faces  of  the  two  folds  Ls  not  qiiite 
complete,  and  a  small,  obliqiie.  slil-      inrrrioi 
like  openiiig  persisis  bctween  ihe        '•"■ 
tu'o  auricles.     In  such  cases  durinj; 


of  the  auricles  the 


rchinh;  wb11  o[  ri|[ht  ai 


pressure  of  the  hlood  o ... 

fappinft  wall3    of  the   slit    brines 

them  into  cli>se  apimsltion  and  effectiiallv  clost-s  tlie  slit,  so  that  no disturbaiict-s  ot  the  circula- 
tion resuit  from  ils  presence.  Tliis  slit-like  oiienln^'  has  bern  found  to  be  prest-nt  in  somevhat 
uver  30  per  cent.  of  the  adult  heans  e.tainined. 

The  Left  Auricie. — The  kft  auricie  (atrium  sinistrum)  has  the  same  general 
external  form  as  the  right  one,  and,  as  in  the  l.ittcr,  its  aiitero-lattT^iI  \.:\\\  is  j^rolonged 
into  an  auricular  appcndix  which  cur\es  f()rwar(l  aroiin<l  the  left  side  of  the  pro,\inial 
portion  ol  the  piilmonarv  aorta.  L'pon  its  posterior  surface  the  auricie  receives  the  four 
puImonary  veins  arraiigcd  in  pairs,  one  of  which  is  situated  nearer  the  mcdial  and  the 
other  tovvards  the  lateral  edge  of  ihe  surface,  and  passing  ol>litiudy  over  this  surface 
towards  the  coronary  sinus  is  a  small  vein,  kno\vn  as  the  obljaiic  vtin  o£  Ifič  k/t 
auricie  (vena  obliqua  atrii  sinistri  [Marshalli]  ),  which  represents  the  pr6ximal  eiid  of 
Uie  leh  vena  c;i\  a  superior  prusent  ilurinjj  early  emlirvonic  life  (page  937). 

Viewed  from  the  interior,  tlie  ivalls  of  the  left  auricie,  like  those  of  ihc  right  one, 
are  everywhcre  lined  by  a  smooih,  lihining  endoairdiuiii  :  in  the  ap|K.'ndix  the  spoiigi,' 
structure  due  to  the  existi.nce  of  anastomi ising  musaili  fnclinali  also  t>ccurs,  and 
oocasonal  depressions  of  the  surface  mark  the  o|ienings  of  vena  The  bj- si  i.  \vhich  are, 
however,  much  less  abundaiit  than  in  the  right  auricie.  The  openings  o/  the  pul- 
mt>nary  veiiis  on  the  posterior  wall  are  circular,  and  cach  measiires  front  14-15  mm. 
in  diameter  ;  they  are  ungiiartk-d  hy  valvcs,  althoiigh  a  slighl  horizontal  fold  sepa- 
rates  the  portion  n[  the  auricular  cavitv  into  «hich  the  left  veins  open  from  the 
entrancc  into  the  auricular  appendLx. 

Upon  the  median  \vall,  over  the  aria  nccnpietl  l>y  the  fossa  ovalis  of  the  right 
aiKicle,  a  slight  depression  is  frccjuently  to  l>e  observed,  and  immediatelv  anterior  to 
it  there  is  usually  a  small  crescentic  fold,  the  semilunar  fold,  »vhose  concavity  is 
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directed  forward,  and  vvhich  rfprtscnts  ihe  free  edge  of  the  posterior  segment  or  fold 
of  the  auricular  septuin  tpage  708).  In  the  floor  is  situatL-d  the  lai^e  circular 
auriculo-veiilrUular  orifice  by  which  the  cavity  of  the  auricle  coinmunicates  with  thai 
oTlIlt!  Ilifl  VtlltncTc. 

The  Ventricles. — The  two  \entric!e3  present  inaiiy  featiires  in  common  and 
may  be  describcd  together,  siich  differences  as  exist  betvveen  tbem  being  (>ointed  out 
as  the  descriptinn  procei.'ds.  Each  has  a  form  which  may  be  likened  t»»  a  three-sided 
pyrainid  tthose  base  is  directed  iipHard  and  the  ape.x  downward.  The  edges  of  the 
left  ventride  are,  howe%'cr,  somenhat  more  rounded  than  those  of  the  right,  so  ihat 
its  form  approaches  more  ncarlv  that  ol  a  cone ;  and,  furtheniiore,  it  is  someuhat 

Fic;.  659 


longer  than  ihe  right.  its  apcx  alone  forniing  the  apex  of  the  heart  The  suriace^^ 
presented  by  tach  ventride  mav  be  tcrmed  antero-tateral.  posterior,  and  median,  bot:- 
in  using  thesc  tertns  the  heart  is  to  be  rogarded  as  placed  so  that  its  long  axis  is  \-«-- 
tical  ;  11  situ  the  antero-lateral  snrfaces  look  largdy  iipward  and  the  posterior  sur- 
faces  downward.  Thi;  me<iian  \vail  is  a  partition,  the  interventricuiar  septttm  (eq)tBB 
veatriculoniin>,  common  to  the  two  ventrides,  and  completely  separates  their  cavitks. 
Throughoiit  the  greater  part  of  its  extent  this  septum  is  muscular.  but  toward3  its 
upper  bordtT  it  bccinni^s  fibroiis  ( pars  membrancea)  and  is  continuous  with  the 
septum  of  the  auricles  ;  the  position  of  its  edges  are  indicated  upon  the  extemal  sur- 
face  of  the  heart  by  the  anterior  and  posterior  iiUen'entricular  grooves.     The  bases  o* 
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the  ventriciea  are  dirccted  upward,  biickward,  and  to  the  right,  and  each  is  perlorated 
by  two  oritices.  One  of  thesc  in  each  venlricle  is  the  auricuh-vcttirktdai'  orijice, 
while  the  other,  in  the  čase  of  the  rig  h  t  ven  trie  le,  is  xhc  oftening  o/ Ihe  pulmo»ary 
aorta,  and  is  placed  in  front  and  a  little  to  the  left  of  the  auriculo-ventricular  orificu 
upon  the  summit  of  a  slight  conical  elevation  of  the  base  of  the  ventricte.  termed 
the  conus  arteriosiis  or  infundibulum.  The  second  orifice  of  the  left  ventricle  is  the 
opening  of  the  systemic  aorla.  and  is  situated  in  front  and  a  little  to  the  right  of  the 
corresponding  auriculo-ventricular  orifice,  immcdiatelv  adjoining  it. 

Compared  with  those  of  the  auricies,  the  walls  <if  both  ventricies  are  verj-  thick, 
that  of  the  left  especially  so.  being  from  lwo  and  a  half  to  three  tinies  as  thick  as  the 
right  one.      Unlike  the  auricies  in  another  way.  the  tnncr  surfaces  of  the  \entricies. 


Fio.  660. 


instcad  of  hein^  e\-i'n.  are  \cr>-  ifregular.  I)cing  everywhere  covered  by  niuscular 
ridgcs  or  cohnnns,  uvtT  aiid  ^imund  nhich  the  ondocardium  is  (oided.  These  nius- 
cular elevatious  ure  usually  rej,'ardctl  as  consistiiiK  of  three  \aricties  :  (  1  )  ridRcs 
which  are  attached  ihrouij^hoiit  tlieir  entire  leTigth  to  the  vvall  of  thi;  ventricle,  ujKin 
which  they  stand  oiit  like  l.Kis-reliefs  :  (2)  cnlumns  which  are  ;ittachL-d  at  oitlier 
extremity  to  the  vvall  nf  the  ventricle,  bnt  are  free  from  it  throutihnut  ihe  intervening 
portion  of  iheir  l(-ni;ih  ;  anil  (  y  )  oolumns  which  are  attachiil  onlv  hv  one  e.ttremitv 
to  the  ventricular  wall  and  liv  thcir  other  e.'(tremity  j^ive  att.ichmi-nt  to  slender  ten- 
dons.  chordir  trtidi)ii;r.  »hich  pass  to  the  etlijes  of  ijio  val\-(-s  gn;irfltng  the  auriculo- 
ventricular  'iritic<-i.  To  ihe  columns  belonging  to  tlie  lir^t  and  second  of  these 
g;roups  the  term  rolunnuc  farne<r  is  applied,  ivhile  those  of  the  third  groiip  are  known 
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as  the  muuuli papillares.  Quite  lrequ(;inly  in  the  right  ventricie  and  more  rarelv  in 
the  left,  a  niuscular  band  occurs,  uhich  passcs  acruss  the  cavity  (roin  one  wall  10  the 
olher  near  the  apex  ;  such  a  stnicture  constitutes  what  has  been  lermed  a  moderalar 
band.  Here  and  there  between  the  column^  carnea;  of  both  ventricles  minute  orifices 
of  the  Thebesian  vessels  occur. 

Around  the  nrilices  situated  at  the  bases  of  the  ventricles  the  muscular  sub- 
stance of  the  heart's  walls  passes  over  iiito  dense  fibrous  lissue,  of  which  the  portion 


Pulmonarj-  lana  (pi 


siirrilundinj;  the  aiiriciilo-veiitricular  orifices  scnes  to  connect  the  auricles  and  veo- 
Iricks,      If  the  iiiiricU-s  and    the  pri)siinal  portions  of  the  aortie  be  removed,   ihe 


\vill  l)e  seen  to  foi 
lic  has;il  oritict-s  of  the  " 
-inindini;  the  t\vo  auriciili 
si-fn  to  1h-  directlv  in  coi 
nrtic  orifice — is  scparate 
.vntrirnlar  rinf;  by  a  nai 


-  rinj^s  (annuh  fibrosi).  one  coirespondin];;  to 
riiles:  and.  fnrthermnre,  three  of  the  rings — 
■ntriciilar  orifices  and  llint  of  the  systeniic  aorta 
t,  Mhitc  the  foiirth — that  surroundinf;  the  pul- 
n  the  others,  althounh  connected  wilh  the  rijiht 
-  fihrons  iKind  which  descends  in  the  posterior 
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wall  of  the  conus  arteriosus.  The  ring  surrounding  the  left  auriculo-ventricular 
orifice  is  soinewhat  thicker  than  that  of  the  right,  and  is  fiised  with  the  systemic  aortic 
ring  throughout  about  the  medial  third  of  its circumference,  uhereas  the  correspond- 
ing  fusion  of  the  right  ring  is  of  much  less  extent  In  the  angle  fornied  by  the 
junction  of  the  right  auriculo-ventricular  ring  at  the  side  with  the  systemic  aortic 
ring  in  front  a  special  thickening  of  the  fibrous  tissue  occurs,  so  that  it  becomes  of 
almost  cartilaginous  consistency,  and  a  similar,  although  smaller,  thickening  also 
occurs  in  the  angle  formed  by  the  junction  of  the  anterior  walls  of  the  left  auriculo- 
ventricular  and  systemic  aortic  rings.  These  thickenings  form  what  are  termed  the 
right  and  left  auriculo-vefiiricular  fiodes  (trigona  fibrosa),  and  they  are  of  interest  as 
being  occasionally  the  seat  of  a  calcareous  deposit  or  of  a  fatty  infiltration,  a  condi- 
tion  which  may  be  shared  by  fibre-like  prolongations  of  the  nodes  {Jiia  coronaria) 
which  extend  into  adjacent  portions  of  the  auriculo-ventricular  rings. 

The  Auriculo-Ventricular  Valvcs. — Attached  by  its  base  to  each  auriculo- 
ventricular  fibrous  ring,  and  projecting  downward  into  the  cavity  of  the  correspond- 
ing  ventricle,  is  a  valve  having  the  general  form  of  a  membranous  cone,  whose  walls 
are  of  thin  but  strong  fibrous  tissue  covered  on  both  sides  by  the  endocardium.  Each 
cone,  hovvever,  is  divided  by  deep  incisions  into  triangular  segments,  of  which  there 
are  three  in  the  valve  of  the  right  ventricle,  whence  it  is  usually  termed  the  trimspid 
va/v€,  while  lwo  incisions  divide  the  left  valve  into  two  segments  and  procure  for  it 
the  name  of  the  bicuspid  or  mitral  valve ^  the  latter  term  being  suggested  by  its 
resemblance  to  a  bishop*s  mitre.  Of  the  three  segments  of  the  tricuspid  valve, 
one  (cuspis  anterior),  larger  than  the  others  and  also  kno\vn  as  the  infundibular 
cusp  is  attached  to  the  anterior  border  of  the  auriculo-ventricular  oritice  ;  a  second 
one  (cuspis  postcrior)  is  attached  to  the  posterior  border  ;  while  the  third  or  septal 
(cnspis  medialis)  occupics  the  interval  between  the  medial  edges  of  the  other  two, 
and  is  attached  to  that  portion  of  the  auriculo-ventricular  fibrous  ring  vvhich  is 
united  to  the  right  auriculo-ventricular  node  and  to  the  upper  par  t  of  the  vcntricular 
septum.  In  the  mitral  valve  one  segment  (cuspis  posterior)  is  attached  to  the 
posterior  border  of  the  auriculo-ventricular  fibrous  ring,  \vhile  the  other  (cuspis 
anterior)  or  aortic  cnsp  is  situated  anteriorly,  and  depends  from  that  portion  of 
the  ring  vvhich  is  united  to  the  ring  surrounding  the  systemic  aortic  orifice,  and 
consequently  appears  to  be  a  downward  prolongation  from  the  posterior  border  of 
that  orifice.  It  is  to  be  noted  that  the  depths  of  the  incisions  separating  the  seg- 
ments of  both  valves  vary  considerably,  and  additional  incisions  may  occur,  resulting 
in  the  formation  of  additional  segments.  Not  infrequently  a  small  accessory  segment 
occupies  the  apex  of  one  or  more  of  the  incisions. 

These  valves,  while  pcrmitting  the  free  passage  of  blood  from  the  auricles  into  the 
ventricles,  prevent  its  pa.ssage  in  the  reverse  direction  during  the  contraction  of  the 
ventricles  ;  for  the  pressure  of  the  blood  within  the  ventricles  forces  the  segments  up- 
ward  so  that  thev  completely  occlude  the  auriculo-ventricular  orifices,  the  chordae 
tendineae  \vhich  are  attached  to  them,  and  \vhich  are  rendered  taut  by  the  contraction 
of  the  papillary  muscies,  preventing  them  from  being  forced  back  into  the  auricles. 
The  musculi  papillares  of  each  ventricle  are  arranged  in  two  groups,  one  consisting 
of  small  papillie,  situale<i  near  the  upper  portion  of  the  ventricle  behind  the  segments 
of  the  valves,  and  the  other,  compose<l  of  larger  conical  muscies,  situated  nearer  the 
apex.  The  chordae  tendineae  which  arise  from  the  upper  group  are  short,  and  are 
attached  to  the  ventricular  surface  of  the  valve  near  its  base  :  those  \vhich  arise  from 
the  lower  group  are  much  larger,  and  are  attached  to  the  edges  of  the  valve  and  to 
its  ventricular  surface  near  its  free  edge.  The  papillar)-  muscies  belonging  to  this 
lower  group  tend  to  t)e  arranged  in  sets  corresponding  in  |>osition  \vith  the  incisions 
which  separate  the  segments  of  the  valves,  and  there  are,  accordinglv,  three  sets  in 
the  right  ventridr  and  t\v<)  in  the  left  ;  but  this  arrangement  is  not  quite  detinite,  and 
there  is  also  C()nsi<.UTat)lc  variation  in  the  number  of  papillar}-  muscies  in  each  set, 
only  one  being  j)rcstMU  in  some  cases  and  several  in  others.  Houever  that  may  lx*, 
the  chord;e  tendincie  arising  from  the  apices  of  the  muscies  of  each  set  diverge  as 
they  pass  upu  ard  and  aru  attached  to  both  the  adjacent  segments  of  the  valve.  \Vhen 
distinct  accessorv  scgnK-nts  occur,  they  aLso  receive  the  insertion  of  some  of  the 
chordae  tendint-a-. 
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The  Semilunar  Valves.— AlthouKh  rtally  IK-Ionging  to  the  pulmonary  ami 
systeiiiic  aorUt,  it  is  conveiiicnt  to  consider  these  \alvus  along  with  the  htiirt,  sincc 
they  pn;\ent  the  regurgitatioii  of  ihc  blood  coiitaincd  in  the  aorta;  into  tht  vtntrick-s 
at  the  completion  of  their  coniraction. 

Tile  segmeiils  guarding  these  valves  are  threi;  in  iiumbcr  iii  each  aorta  and  are 
attached  to  the  fibrous  riiig  of  the  aortic  orilices,  Each  segment  is  a  crtsceiitit 
pouch-like  structurc,  whose  ca\ity  is  directed  away  froiii  the  heart,  so  that  aiiy  tcn- 
dency  for  the  blood  to  retuni  froiii  the  aorta;  into  the  veiitriclcs  »ill  result  in  tlic  fill- 
ing  t)l  the  pouches  so  that  the  thrt-e  are  broutjht  into  appositiun  and  efiectually  closc 
the  orifice.  Their  efficiency  is  iiicreased  by  (i)  the  occurrence  at  the  middle  of  the 
free  edge  of  each  segment  of  a  small  libro-cartilaginous  nodute,  the  noduU  of  Arati- 
tius,  ivhich  fills  the  small  gap  «  hich  mighl  otherwise  be  left  at  the  point  of  meeting  of 
the  free  edges  of  ali  three  scgments  ;  and  by  (2)  the  aortii  l>eing  pouched  out  behind 
each  segment  to  form  a  small  pockct,  a  sinus  o/  Valsalva,  greater  opportuiiity  being 
thiis  allowed  for  the  blood  to  enter  the  cavities  of  the  vatvea  and  so  force  their  frte 
edges  together. 

The  segments  of  thesemilunar  valves  of  the  syatemic  aorta  (valvulae  semilunarcs. 
aortac)  are  soniewhat  stronger  than  those  of  the  ptihnonarv  aorta  (valvulae  ^niilii- 


tsurr<iuin1mK 


nares  a  pulmonalis).  ^iid  are  arranged.  if  considcred  «iih  reference  to  the  planeš  of 
the  ImkIv,  the  heart  lK.'iT)g  in  situ.  so  that  one  is  situatcd  anteriorly  and  the  other 
two  right  and  left  postcriorlv.  In  the  pidmonar)-  aorta  one  \al\e  segment  wiil  be 
po9teri()r  anil  the  others  right  and  left  anteriorlv.  If,  hoaever,  the  heart  be  held 
so  that  ils  ventriiular  scptimi  lies  in  the  sagittal  plane,  then  the  valve  segments  difier 
by  60°  from  ihe  nlative  pnsition  given  abnvc,  those  of  the  pulmonary  arterj-  being 
arrangeii  so  that  one  lii-s  anteriorlv  and  the  othcr  two  right  and  left  posteriorlv. 
while  in  the  svstemic  aorta  ime  is  pi)sterior  aiicl  the  other  two  right  and  left  anter- 
iorly,  an  arrangenient  to  be  e!(pcct(.'d  from  the  manner  of  development  of  the 
valves  'page  710V 

The  Architecture  of  the  Heart  Muscle.^The  musculature  of  the  nralla 
of  the  auricles  is  n-lalivclv  *cry  thin.  and  it  is  difiiciilt  to  distingutsh  any  dehnite 
arningcnuiil  ul  its  tibrcs  in  lavers.  (inmps  of  hliers  can,  howe\er,  be  distin- 
gnislidl,  and  of  these  cerlain  are  omtined  lo  each  auritle,  while  others  are  common 

to  the  tttn. 

Of  lile  fasriiuli  pro|HT  tii  each  aiiri<-le  ttti>  prinripal  groiips  can  bc  recognized. 

I.  Ainiiilitr  fasiiculi.  \\\\\i:\\  siirroiiinl  the  ovidces  of  the  veins  entering  the 
auricles,  aiiil  rejiresent  the  continualioii  of  the  circiilar  muscle  !ayer  of  the  veins  into 
the  aiiriiiilar  walls. 
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Portion  of  leti  vmlricli.  !howinir  po«i(ion  ( t ) 


2.  Ansi/orm  fasckuli.  which  Uke  their  origin  from  the  auriculo-ventricular 
J3  ring  anteriorly  and  e;(tend  over  the  auricTe  to  insert  into  the  tibrous  ring 
!rior1y.  These  bundles  are  situated  as  a  rule  more  deepi)'  than  the  annutar 
:uU  and  produce  the  pectinate  mus- 

of  the  auricular  appendage,  as  well  Fn--  663. 

:rtain  columnar  elevations,   covered  Ameriorcmpotionicnii* 

ndocardium,  which  occur  upon  the 
surfaces  of  the  wal!s  of  the  auricles. 
The  fasciculi  comnion  to  bolh  auri- 
ire  developed  onlv  in  the  neighbor- 
of  the  auriculo-ventricular  groovc, 
constitute  thin  superhcial  bands, 
[J  run  parallel  to  the  groove,  The 
ior  fasciculus  is  broader  and  more 
y  developed  ihan  the  posterior  one. 
The  auriculo-ventricular  librous  ring 
I  an  almost  complete  separation  be- 
1  the  musculature  of  the  auricles  and 
of  the  ventricles,  the  onIy  direct  con-' 
on  between  the  two  being  formed 
slender  auriculo-ventricular  fasci- 
.  This  takea  its  origin  in  the  pos- 
■  wall  of  the  right  auride  close  to 
uricular  septum  (His,  Jr.)  and  passes 
Lward  towards  the  upper  border  of 
nuscular  portion  of  the  ventricular 
Itn  (Fig.  663).  Here  it  bends  forward  and  runs  across  the  septum  in  the  line 
nction  of  its  membranous  and  muscular  portions,  and  is  lost  antcriorly  in  the 
ulature  of  the  ventricles.  The  existence  of  this  auriculo-ventricular  fasciculus 
considerable  importance  in  connection  with  transniission  of  the  contraction  wa\-e 
the  auricles  to  the  ventricles,  the  application  of  a  cianip  to  the  bundle  having 
shown  to  produce  heart-block  (Erlanger). 

It  can  rea<iily  be  percei\«i  that  the  inuscle-fibres  of  which  the  walls  of  the 
ricles  are  comjiosed  are  arranged  in  more  or  less  definite  lavers,  and  that  the 
tion  of  the  tibres  in  the  deeper  lavers  is  difiercnt  from  that  of  the  more  super- 
ones.  The  descriptions  of  the  various  lavers  and  of  their  relations  to  one 
ler  vary  greatlv  in  different  authors;  in  that  gi\en  here  the  results  obtained  by 
MacCallum,  hy  the  application 
ible  methods  than 
t  to  the  earlier  ob- 
servers.  will  be  foUoned. 

The  tibres  of  the  ventricles 
can  start  onh'  from  the  librous 
rings  siirrounding  the  ventricu- 
lar orilices  or  else  from  ihe  ?uni- 
mits  of  the  mnsculi  papiltares.  to 
which  a  certain  amonnt  of  fixa- 
tion  is  affnrded  by  the  chordie 
tendineii-  and  their  ullachment 
to  the  auriculo-ventricular  vaU^es. 
It  will  be  con\cnient  to  regard 
the  tibrous  rings  as  the  princip:il 
piims  of  origin.  and  the  most 
sHperfidal  layrr  of  the  mnsaila- 
ture  niav  be  said  lo  arise  from 
the  m  mul  from  the  tendinnus 
tt-hich  descends  upcm  the  posterior  surlace  of  ilu-  conus  arteriosns  tonards  the 
auricnio- ventricular  ring.  Those  tibres  vvhich  take  their  origin  from  this  ten- 
is band  anil  the  right  ring  uind  in  a  left-handcd  sjiiral  o\'er  the  suriace  of  the 


of    more  : 


rtuht  ■ 
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ventricies,  and  whcn  they  reach  the  apex,  they  bend  upon  thumselves  and  pass 
ck-ep!y  and  ui)ward  to  teniitnate  in  the  p;ipillary  muscles  of  the  left  ventricle.  Those 
fibres  whkh  urisi;  (rom  the  left  auriculo-ventricular  librous  rinj;  cross  the  posterior  in- 

tervuntricutar  groove  and,  pass- 
^'°-  **5  injr  beneath  the  fibres  from  the 

right  ring,  encirclc  the  right  ven- 
tricle and  finally  torminate  in  the 
,  papillary   niuscies  of  that   ven- 
tricle. 

On    the   remo\'al   of    these 

superficial  fibres  a  deeper  sct  Ls 

scen,   which  seem   to  form    two 

muscular  cones,  each  surround- 

ing   one  of    the    ventricies.       In 

the  adult  heart  it  is  difticult  to 

perceive  the  true  relaiions  of  the 

two  cones,  but  in  the  hearts  of 

young  individuals  up  to  two  or 

thrce  years  of  age  it  has  been 

'  fouiid    that    both   the  cones  are 

fornied  by  the  cuning  of  a  con- 

This  tfer/)  sheet  of  fibres  takes  its 

■ntriciilar  fibrous  ring  and  from  the  ten- 

Ight  ventricle.  lying  beneath 


tinuous  sheet  of  fibres  in 
origin  principally  from  thi 


n  S-shaped  r 
right  aiiriciil()-v 
dinous  band  of  the  conus  arteriosiis,  aiul  ei 

the  superficial  layer.  Whcii  it  reaches  ihc  posterior  border  of  the  \entriciilar  sep- 
tum,  it  passes  fomard  in  that  slniclure,  and  then  encirdcs  the  left  ventricle,  termi- 
nating  finally  in  the  papillary  nnisrles  of  that  ventricle.  The  deep  fibres  which  arisf 
from  the  left  fibrous  ring  are  eiitire1y  confiiied  to  the  left  ventricle,  forming  a  circular 
band  surrounding  its  basal  portion. 

Structure. — The  heart  muscie,  the  myocardium,  is  both  co\'ered  and  lined 
with  serous  membnme,  the  epkardium.  as  the  \'isceral  l3yer  of  the  pericardium  is 
often  called,  invcsting  it  i\tfrnal!y  and  the  cndocardiuni,  continuous  with  the  intimi^ 
of  the  large  blood-vessels,  clothing  ali  parts  of  its  elal)oraleIy  modelled  inner  surfacc. 

The  cpicardium  comsponds  in  its  general  structure  with  other  parts  of  the 
pericardium,  consisting,  as  do  uther  serous  membrani-s,  of  a  single  layer  of  endothelial 
cells  that  covers  its  free  surfacc  and  rests  upon  a  stratiim  of  fitjro-elastic  connectivc 
tissue.  The  elastic  librill;e  are  verv  fine  and  mimenms  and,  immediately  beneath  the 
endotheliimi,  form  a  dense  net-work.  \\'hen  not  scparatcd  from  the  muscie  hf 
suhscrous  fat,  as  it  con- 
spicuously  is  in  the  in-  ^^^-  666. 

terventricular  and  auric-        ihShm    "~~~- -  ~.        -      - "  - '^^ 

ulu-ventricular  grooves,        „.     .       '-^~'-    '  -  -    -  ..    ■      . 

the  epicardium   is  inti-       '"h*Tiir    J'"'  :  _H    '■'     --—    — 

matelv  attached  to   the       «rai"n'     _-^^''    ;   --■--■,"    '     ~    ■'      --,.--     -' 

subjacent    muscular  tis-     jn  dasiiča''    C^J?C  '._"--  " " 

sue.     The  numerous  v.-^^  -  —'"'"" 

branches  of  the  coron-         ''T!'^' -?—  -        -  ^-     " 

arv  vessels,   as   »ell    as 

the    ner\-e    trunks    an<i 

the  microscopic  ganglia 

cotiiKctid  with  the  car- 

diac    plexiises,    lie    t)e-  iiian  n.g 

ncatb  the  epicardium  ur 

vvithin  its  dec-jicst  layer. 

Theendocardium 
fnllou^all  iIk- irri-Rular- 
iti<'s  (.1  tlu-  iiiteri.ir  of  the  heart.  lining 
the  valv.-s.  (.■ndincus  c.rds  and  papilh 
and  the  undcrlving 


vt.-ry  reress  and  covering  the  free  siirfaces  of 
rv  muscles.  It  consists  of  the  endothelium 
rhe  latter  is  differentiated  by  the  distribution 
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of  the  elastica  into  tno  strata,  a  thin  subenduthelial  layer  practically  frcc  from  etastic 
iibrcs  and  a  broad  layer  in  which  the  elastica  predominales.  The  deepest  stratiim 
of  the  endocardium  is  continuous  with  the  endomysiurn  Ihat  pcnetratea  betwcen  ihe 
fibres  of  the  heart  muscle. 

The  valves  consist  of  duplicatures  of  the  endocardium,  in  thcir  thicker  parts 
strengthened  by  an  intermediate  middle  Iayer  of  fibro-elastic  tissue  prolonged  from 
the  fibrous  rings  of  attachment.  Toivards  the  free  mai^ins  of  the  valves  aH  three 
layers  are  blended  and  reduced  to  a  thin  filiroua  stratum  covercd  by  endotheliiim. 
In  the  auriculo-ventricular  leaflets,  the  fibro-elastic  tissue  of  the  cliordse  tendineje  is 
continuous  with  the  middle  layer,  while  nieagre  peripheral  bundics  of  muscle  may  be 
present  beneath  the  endocardium.    Al- 

though    thinner    than    the    auriculo-  F'<^-  667 

ventricular,  the  pii]monary  and  aortic 
semilunar  valves  possess  essentially  the 
same  structure,  the  endocardial  layer, 
however,  being  thickened  to  produce 
the  noduli  Aurantii. 

In  addition  to  the  stmctural  de- 
tails  of  the  fibres  composing  the  mvo- 
cardium  already  descril>ed  in  connec- 
tion  with  the  general  histology  oE 
musde  (page  462),  it  may  be  noted 
that  in  (he  immediate  vicinity  of  thcir 
nuciei  the  fibres  of  the  heart-muscle 
constantly  contain  accumulations  of 
undifierentiated  sarcoplasni  in  uhich 
lie  groups  of  highly  refracting  brown- 
bh  granules  that,  under  moderate 
magnification,  appear  ;is  pigment  at 
the  poles  of  the  nuciei.  The  muscle- 
libres,  branching  into  net-works  wiih 
long  narrow  meshes,  are  held  togethcr 
by  delicate  lamcllx  of  connective  tis- 
sue, the  endomvsiiim.  which,  togettier 
with  the  more  robust  septji  that  iis  the 
perimysium  invest  the  muscular  bun- 
dles,  support  the  bloocl-ves^Is.  The 
relation  of  the  capillaries  to  the  muscle- 
substance  is  unusuallv  intimate,  the 
capillary  loops  often  modelling  the  sur- 
face  of  ihe  fibres,  tying  in  deep  grooves 
almost  completcly  enclosed  by  the  sur- 
rounding  sarcous  tissue  (  Meigs").  Al- 
though  much  less  constant  and  typical 
than  in  the  ventricular  niyocardium  of 
iniiny  of  the  lower  animals,  as  the 
sheep,  goat.  and  o.t.  the  imperfectly 

difierentiated  fibres,  kiiown  as  /i^ns  ^"''JlkJipid'^!™  "*'""*' "* 

cf  Purkinjc.    are   rupresenied    in  the 

human  heart-muscle  by  sulx^docar<lial  fibres.  Therc  is  reason  to  Inlieve  that  these 
fibres  are  rclated  to  the  ci)-or(lin:itin^  auriculo-ventricular  bimdlc  of  His  ( page  "ot.) 

The  Blood-Vessels  and  L.ymphatics  of  the  Heart. — The  hcart  receives 
its  blood-supjjlv  ihrouf^h  the  twn  coronar\'  arteries  which  arise  from  iht  systemic 
aorta  immediatclv  aliuvi.-  its  origin,  ihe  rvlurn  flow  being  liv  the  cnnmarv  veins  which 
open  into  thi-  Hght  aurirli-  by  the  coronary  sinus,  Both  ihesi'  sets  of  ves.sels  will  be 
described  later  1  |iayc  72S ),  but  it  mav  Ik"  pointed  out  hcre  thal  the  branchc-s  of  the 
coronarj-  arterv  upi-ii  tli<.-  surface  of  the  hcart  are,  as  a  rulc.  ali  end-arteries, — that  is, 
arteries  »hirh  foriTi  110  tiirect  anastomoses  with  iheir  neighivirs.  l'ractically  no 
blood  can  hv  carricd  tlircctlv,  therefore,  by  the  Ifft  coronary  artery  into  the  lerritory 
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supplied  by  the  right  one,  or  vice  vcrsa,  and  sudden  occlusion  of  either  of  the  artcries 
\vill  produce  serious  disturbances  or,  in  some  cases,  complete  arrest  of  the  contrac- 
tions  of  the  heart.  Since,  however,  the  capillaries  of  the  heart's  substance,  into 
\vhich  each  artery  is  continued,  form  a  continuous  net-work,  a  passage-way  for  the 
blood  of  one  artery  into  the  territory  normally  supplied  by  the  other  may  bc  formed 
by  their  cnlargement,  opportunity  for  which  may  bc  afforded  in  cases  in  which  the 
occlusion  of  an  artery  has  been  very  gradual  in  its  development. 

There  is,  however,  another  way  by  wliich  the  tissue  of  ihe  heart  mav  receive  nutrition  in 
cases  of  gradual  occlusion  of  the  coronarv  artcries,  namcly,  Ihrough  the  Thebesian  orifices  in 
the  \valls  of  the  auricles  and  ventricles.  These  openings  cominunicate  by  means  of  capillaries 
uith  the  coronary  vessels,  and  it  has  been  shovvn  experinientally  that  the  heart  can  be enectively 
nourished  by  blood  passing  from  the  chambers  of  tne  heart  through  the  Thebesian  vessels  and 
back  into  the  coroiiar>'  veins. 

The  lyniphatic  vessels  of  the  heart  form  a  net-vvork  beneath  the  visceral  layer 
of  the  pericardium,  and  a  second  less  distinct  net-\vork  has  also  been  described  as 
occurring  beneath  the  cndocardium.  These  net-\vorks  communicate  with  two  sets  of 
principal  vessels  \vhich  lie  in  the  anterior  and  posterior  portions  of  the  auriculo-ven- 
tricular  groove.  The  anterior  sct  passes  from  the  right  to  the  left,  and,  on  reaching 
the  pulmonary  aorta,  passes  around  its  left  surface  to  reach  the  systemic  aorta,  ufK>n 
\vhich  it  ascends  to  terminatc  in  a  lymphatic  node  situatcd  to  the  left  of  the  trachea. 
The  posterior  sei  opens  in  part  into  the  anterior  one  and  in  part  ascends  along  the 
right  side  of  the  pulmonary  aorta  to  terminate  in  one  of  the  nodes  situated  beneath 
the  bifurcation  of  the  trachea. 

The  Nerves  of  the  Heart. — The  nerves  of  the  heart  are  derived  from  the 
cardiac  plexuscs  and,  passing  do\vnward  along  the  aorta?,  are  distributed  i>artly  to  the 
auricles  and  partly  accompany  the  c()ronary  artcries  along  the  auriculo-ventricular 
groove,  where  they  form  the  coronary  picxtis,  from  which  branches  are  distributed 
to  the  ventricles.  O  ver  the  surfaces  of  the  auricles  and  ventricles  the  branches  form 
a  fine  plexus  situated  beneath  the  visceral  layer  of  the  pericardium,  and  from  this 
plexus  branches  pass  into  the  substance  of  the  heart  to  terminate  upon  the  muscle- 
fibres.  Some  ncr\'e-fil)rcs  are  also  distributed  to  the  pericardium  and  endocardium, 
and  these  are  rcgarded  as  being  aflerent  in  function,  as  are  also  certain  fibres  which 
terminate  in  the  connective  tissue  of  the  heart' s  \valls. 

Scattered  in  the  superficial  plexuses  there  are  numerous  ganglion-cells,  some- 
times  occurring  singly  and  sometimes  collectcd  into  small  ganglia.  They  tend  to  be 
especially  numerous  around  the  orifices  of  the  great  vcins  opening  into  the  auricles, 
in  the  coronary  plcxuscs,  and  over  the  upper  portions  of  the  ventricles.  It  has  been 
asserted  that  ganglion-cells  also  occur  embedded  in  the  walls  of  the  ventricles,  but  at 
present  this  requires  confirmation. 

Much  has  yet  to  be  leamed  conceming  the  qu€'ilities  of  the  various  ner\e-fibres  which  pass  to 
the  heart  in  man,  but  it  is  presuniable  that  they  resenible  in  general  those  which  have  been  deter- 
niiiied  ext>erimentiilly  for  those  of  the  lovver  mammals.  In  the  latter  it  has  been  shown  that  the 
cardiac  piexuses  contain  lK)th  aflferent  and  efTerent  ner\  e-fibres.  The  cardiac  plexuses  are  formed 
by  branches  from  the  pneumogastric  and  svmpatiietic  ner\  es,  and  among  the  fibres  from  the  former 
ner\'e  are  some  \vhich,  vvhen  stimulated,  caiise  a  cessation  of  the  heart's  contractions,  whence 
they  are  termed  the  inhibitorv  nerves.  Stimiilation  of  symj>iilhetic  fibres,  which,  in  the  dog.  ior 
example,  pass  to  the  cardiac  plexus  from  the  first  lhc)racic  ganglion  of  the  ganglionated  cord, 
prodiices  an  increase  in  either  the  rapiditv  or  the  intcnsity  of  the  heart-beat,  and  these  fibres  are 
consecjiientlv  termed  ih^  acce/rrafor  or  auij^metttor  fibres.  Both  the  inhihitor>' and  augmentor 
fit)res  are  efTerent. — /.<*.,  thev  carr>'  inipiilses  from  the  ner\e-centres  out  to  the  heart ;  m  addi- 
tion.  tlie  existence  of  atTerent  fibres  has  In-en  determined  among  the  pneumogastric  constituents 
of  the  nlexuses.  'Ihese  are  the  depressor  fibres,  so  called  l>ecause  tneir  stimulation  producesa 
marked  fall  in  the  blood-pressure.  not  on  accounl  of  anv  action  upon  the  heart-beat,  since  they 
lead  the  slinuihis  a\vay  from  the  heart.  but  l)y  acting  reflexly  upon  the  intestinal  vessels  so  as  to 
produre  their  dilatation  and,  !>y  tlius  Icssening  the  iKrripheral  resistance  against  which  the  heart 
niust  <*<)ntfnd.  lessen  the  \vork  uhicli  tlie  organ  has  to  do. 

\Vhetlu-r  the  various  efferent  fibres  pass  (hrectlv  to  the  muscular  tissue  of  the  heart  or  ter- 
minate upon  canHai'  ganghon-cells  uhirh  transmit  the  impulse  to  the  muscle-fibres  is  a  point 
\\hi("h  mn.iins  to  Ih-  determined.  although,  Irotn  analogv  uith  \vhat  is  known  as  to  the  relation 
(»f  the  onbro-spinal  fi!)res  to  other  |K)rtions  of  the  involuntar>'  muscular  tissue,  it  would  seem 
prob.tbie  that  the  pneumogastric  efierent  fibres  terminate  priniarily  upon  the  cardiac  ganglion- 
cells. 
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DEVELOPMENT  OF  THE  HEART. 

In  the  mammals  in  which  the  earliest  stages  in  the  development  of  the  heart  ha  ve 
been  observed,  this  organ  arises  as  two  separate  tubes  that  are  formed  by  folding  uf 
the  visceral  mesoblast  near  the  margin  of  the  embryonic  area.  This  folding  occurs 
while  the  embryo  is  stili  spread  out  upon  the  surface  of  the  volk-sac  and  produces  on 
each  side  an  elevation,  a  heart-tube,  that  projects  into  the  primitive  body-cavity 
(Fig.  668).  Each  heart-fold  differentiates  into  a  thicker  outer  or  myocardial  layer, 
which  gives  rise  to  a  portion  of  the  cardiac  muscle,  and  a  very  thin  inner  endocardial 
layer^  from  which  the  serous  lining  of  the  heart  is  derived.  The  latter  consists  of  a 
single  stratum  of  inesoblastic  cells  surrounded  by  the  muscle-layer,  but  separated  by 
a  distinct  space,  as  a  shrunken  čast  lies  within  its  mould. 

With  the  beginning  constriction  of  the  gut-tube  from  the  vitelline  sac  and  the 
associated  approximation  of  the  splanchnopleura  of  the  two  sides,  the  heart-tubes,  at 
first  widely  apart,  gradually  approach  the  mid-line  until  they  meet  beneath  the  ventral 
sur&ice  of  the  primitive  pharynx,  in  advance  of  the  yolk-sac  Upon  coming  into 
contact»  the  cavities  of  the  two  heart-tubes  for  a  brief  period  remain  separated  by  the 
partition  formed  by  the  opposed  portions  of  the  myocardial  lavers.  \'ery  soon,  how- 
cver,  solution  of  this  septum  occurs  and  the  t\i*o  sacs  become  a  single  heart.  The 
endothelial  tubes  are  last  to  fuse,  retaining  their  independence  after  the  myocardial 
walls  have  blended.  Uj>on  fusion  of  the  endothelial  layers  the  conversion  of  the  double 
tubes  into  a  single  heart  is 
complete.  Fig.  668. 

The  early  venous  trunks 
— ^the  body-stems    (cardinals  jf^^^^^^^-v 

and  jugulars)  \vithin  the  em-  '^^'•^^a^i^t  i 

bryo    and    the   vitelline   and  ^-  -c 

aliantoic  ( later  umbilical )  veins  i'^-^^ 

from  the  extra  embrvonic  vas-  ^  ^" 

cular  net-works— converge  to-  \^.^  >'^ 

wards    a    common    sac,    the     Myocardiai  Z^^- 

HnUS  VenOSUS    Which  joins  the         Endo^^i^Ual  \^^t^^XAvJ         stlTnch.        Hcan-tub« 

caudal  end  of  the  cyhndncal  nopieura 

primitive  heart.      The  slightly  Transveise  section  of  very   young  rabbii    em- 

tapering  cephalic  extremity  of  Si^^dfer ."S""*^*"*'*'  """"'"^  "»' 

the  latter  becomes  the  truncus 

arieriosus,  from  which  two  trunks,  the  ventral  aorta^  are  prolonged  fonvard  beneath 
the  primitive  pharynx,  gi\'ing  off  the  aortic  bo\vs  that  traverse  in  pairs  the  series  of 
visceral  arches.  The  primitive  heart  consists,  therefore,  of  a  cylinder,  somewhat 
contracted  at  its  anterior  end,  that  occupies  the  ventral  mid-line  in  the  later  cervical 
region.  The  blood  poured  into  the  sinus  venosus  by  the  veins  enters  its  posterior 
extremity  and  escapes  anteriorly  through  the  truncus  arteriosus. 

Although  for  a  brief  period  the  heart-tube  retains  its  median  position  and 
straight  cylindrical  form,  its  incrcasing  length  soon  causes  it  to  become  l>ent  up>on 
itself  and  to  assume  the  S-like  contour  sho\vn  in  Fig.  672  A^  from  an  embryo  of  2. 15 
mm.  in  length,  in  \vhich  the  venous  end  of  the  tube  lies  below  and  to  the  left  and 
the  arterial  trunk  above  and  to  the  right.  The  intermediate  j>ortion  of  the  tube, 
extending  at  first  do\vn\vard  and  then  obliquely  upward  and  towards  the  left,  is  the 
primitive  ventricle,  the  earlv  sigmoid  heart-tube  already  suggesting  the  recognition 
of  an  arterial,  ventricular,  and  venous  segment. 

During  the  further  development  of  the  heart  a  rearrangement  of  these  three 
divisions  takes  plače,  sincc  the  venous  segment,  orginally  lx'low,  graduallv  acquires 
a  position  ab<n-e  and  behincl,  while  the  primitive  ventricle  comcs  to  lie  in  front  and 
below  (Fig.  672  K  With  the  coniplction  of  this  rotation.  a  deep  external  groove 
appears  betut-cn  the  ventricular  and  venous  chamlxT,  no\v  the  primiUir  auncU\  that 
indicates  the  position  of  a  contracted  pass;ige,  the  auricular  canal  T  Fig.  672.  C  ),  as 
the  common  aiirirulo-ventricular  opening  is  ternied.  Coincidentlv  wiih  the  upward 
migration  of  the  venous  segment,  a  lateral  outpouching  of  the  auricular  chaml^r 
appears  on  each  side  of  the  truncus  arteriosus.     These  expansions,  the  primary  au- 
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lefC  half.  The  interauricuUr  partition,  however,  is  not  complete,  aince  an  opening 
appears  in  its  upper  part  even  before  it  has  finished  its  downward  growth  and  union 
with  the  valvular  septum.  This  opening  enlai^^es  and  remains  as  the /oramen  (nfole 
that  pereists  until  birth  as  a  direct  passage  for  the  blood  from  the  right  into  the  teft 
auride  during  the  continuance  of  the  (cetal  circulation  (page  929). 

The  subdivision  of  the  ventricular  chamber.  which  commences  a  little  later 
than  that  of  the  auricie,  is  accomplished  chiefly  hy  the  iormation  of  the  ventricular 
septum.  The  latter  grows  from  the  postero-infenor  wal!  of  the  venlricle  as  a  cres- 
centic  projection  that  continues  tnward,  a  thickening  of  the  ventricular  wall  corre- 
sponding  in  position  with  the  extemal  interventricular  groove.  The  partition  thus 
formed  exteRds  towards  the  auriculo- ventricular  opening,  where  it  meets  and  fuses 
with  the  septum  intermedium,  in  this  manner  insuring  the  communication  of  the 
right  and  left  auricles  with  the  corresponding  ventricies  through  the  intervening 
respective  portions  of  the  valvular  opening. 

The  isolation  of  the  two  ventricies  from  each  other,  however,  is  not  at  first  com- 
plete, owing  to  the  ventricular  partition  being  imperfect  above  and  in  fronL  This 
deficiency  is   overcome    by  the   down- 

ward   extenston   of    the   aoriic  septum  F'o-  67°- 

within  the  bulbus  arteriosus  (as  the 
sometvhat  dilated  lower  etid  of  the  trun- 
CUS  arteriosus  is  now  appropriately 
called)  until  it  meets  and  fuses  with  the 
ventricular  partition,  thus  completing 
the  separation  of  the  cardiac  chambers 
into  a  right  and  left  heart.  The  part 
of  the  ventricular  partition  contributed 
by  the  aortic  septum  a!ways  remains 
thin  and  constitutes  the  pars  mt^mbran- 
acea  of  the  adult  organ. 

Coincidently  with  the  foregoing 
changes,  the  auricles  undcrgo  impor- 
tant  modifications  in  their  relations  with 
the  blood-vessels  opening  into  them. 
Ouring  the  development  of  the  auricles, 
the  oval  iinus  venosus,  into  which  is 
conveyed  the  blood  returned  by  the  \i- 
telline,  allantoic  (umbilical)  and  body- 
veins,  elongates  trans versely  into  a 
crescentic  sac,  the  convexity  of  vchich  is 
in  contact  with  the  back  of  the  auricles, 
its  opening  into  the  latter  having  shifted 
so  that  it  is  in  relation  with  only  the 

right  half  of  the  auricular  chamber.  With  the  expanded  body  and  right  hom  of 
the  venous  crescent  communicate  the  vessels  that  later  are  represented  by  tbe  superior 
and  inferior  ven^  cavK,  while  the  elongated  and  smaller  left  hom  receives  the  left 
duct  of  Cuvier  that  becomes  the  coronary  sinus. 

For  a  tirne  the  opening  of  the  sinus  venosus.  or  sinus  reuniens  f  His),  into  th« 
heart  occupies  the  posterior  wall  of  the  right  half  o(  the  auricie.  It  is  guarded  by 
the  verunts  valve,  consisting  of  a  right  and  left  leaflet.  that  is  prolonged  fonvard 
along  the  roof  of  the  auricie  as  a  crescentic  ridge,  the  septum  spurium  (Fig.  674,  A). 
With  the  continued  appropriation  of  ihe  venous  sinus  by  the  expanding  auricie,  the 
single  apcrture  of  the  sinus  disappears  as  the  sac  bec<Jmes  part  of  the  auricular 
chamber,  thereupon  the  two  veuie  ca\;p  and  the  coronarv  sinus  open  directlv  into  the 
right  auricie  by  an  indc-pendent  oritice.  That  of  the  superior  cava  lies  in  the  upper 
posterior  part  of  the  auricie,  that  o(  the  inferior  ca\'a  being  lower  and  more  lateral. 
with  the  smaller  onficc  uf  the  cnronarv  sinus  slightlv  below.  The  septum  spurium, 
the  greater  part  of  ihc  k-ft,  and  the  upper  part  of  the  right  segment  of  the  arching 
fold  that  originallv  surrounds  the  opening  of  the  sinus  venosus  disappear  during  the 
appropriation  of  the  venous  sac  by  the  auricie.     The  lower  part  of  the  right  leaflet. 
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on  the  contrar/,  peraists  and  differentiates  into  the  larger  Euslachian  lahe.  that 
((uards  the-  lower  niar^in  of  the  inferior  venu  ca\~a  and  directs  its  blood-strcain  touards 
the  foranten  ovale,  and  the  smaller  Thebesian  valve,  that  protects  the  orifice  of  the 
coronary  sinus. 

As  above  noted,  the  separation  ol  the  two  auricies  is  incomplcte  on  account  ol 
the  existeiice  of  the  foramen  ovale  within  the  inttrrauricular  partition.  From  the  roof 
and  antcrior  wall  of  the  ri^ht  aurlcle  aii  additional  and  relativel)-  thick  crescentic  ridge. 
the  seplum  secundnm,  arches  around  the  foramen  ovale  of  which  it  forms  the  antenor 
or  venlral  boundarv.  It  lies  ciose  to  and  parallel  with  the  auricular  septum  and 
fuses  below  wilh  the  lower  part  ol  the  left  segment  of  the  venous  vaKe  to  form  the 
limhus  Vietissenii  that  later  limits  the  fossa  ovalis,  marking  the  former  position  ol  the 
foramen  ovale.  The  latter,  thercfore,  is  included  between  lwo  partiallj-  overlapping 
crescentic  margins,  that  contributed  by  the  septum  iiuriculum  Iying  behind  and  to  the 
left,  and  that  by  the  septum  sc*cundura  in  front  and  to  the  right,  a  narrou-  sagittal 
cleft  intervening  so  that  the  surfačes  of 
Fig.  671.  the  lunate  borders  are  not  in  contact. 

Since  the  division  of  the  heart  into 
a  right  and  left  side  is  inseparabi}'  con- 
nected  wilh  the  development  of  the 
lungs  and  the  consequent  nece$sity  for 
a  distinct  pulmonar}-  circulation,  pro\Hs- 
ion  for  the  return  of  the  blood  from  the 
lungs  to  the  heart  is  raade  by  the  early 
forma  t  ion  of  the  pulmoHary  tfint. 
These  ariise  in  pairs.  one  pair  for  each 
lung;  close  to  the  heart  each  pair  unites 
into  a  single  right  or  left  stem  that.  in 
turn,  joins  with  its  fellow  of  the  oppo- 
site  side  to  form  one  short  cotnmon 
trunk.  For  a  tirne  none  of  these  ves- 
sels  communicate  with  the  heart,  but 
later  the  common  single  pulmonar}'  vein 
opens  into  the  left  aiiricle  close  to  the 
septum.  With  the  subsequent  grouth 
and  expansion  of  the  auricies  an  appro- 
priation  occurs  on  the  left  side  similar  to 
that  affecting  the  sinus  venosus  on  the 
ri^ht,  in  conscqiience  of  uhich  the  shon 
a)mmon  pulmonary  vein  is  first  drawn 
into  the  heart,  to  be  fol!owed  next  by 
the  two  secondary  and,  finallj-.  by  the 
four  primary  pulmonary  veins,  aH  ol 
vtntride  •ndtruiiiuianrriosiu.   X  ?j.  which   then  Open   by  separate  orifices 

into  the  enlai^ng  left  auncle.  The  fre- 
quent  variations  in  the  number  of  the  pulmonary  veins  and  in  their  relations  to  the 
heart  are  usually  to  be  referred  to  arrest  or  modificatifin  of  this  Icctal  appropriation. 

The  diffcreniiation  o(  a  ri^ht  and  left  auricttlo-vftilricular  valve  proceeds  irom  the 
subdivision  ol  the  uitricular  canal  by  the  sejrtum  intermedium.  The  latter  is  formed 
l)y  the  appn)ximaiion  and  union  of  the  median  cushion-like  projections  upon  the 
ventral  and  dorsal  wal!s  of  the  common  auriciilo-ventricular  openinR.  The  unob- 
literatfd  latenil  pnrtiims  of  the  latter  are  triangular  in  outline  and  guarded  by  pro- 
lifcrations  <if  the  i-mlocardium.     Those  of  the  lower  margins  of  the  valves  elongate 
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U-fl  In  :i  sinuli- 
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ick-s  on  the  right  siiie,  giving  rise  to  two  leaflets.  and  on  the 
tlap.  An  adtliticmal  pnihin^atioii  from  the  partition  contributes  a 
i-nrh  side.  fn  this  nianncr  the  complement  of  tlaps  for  the  tricusfud 
itr;ii  1  \aKi's  is  tvtrlv  ]>rovi»i<-d.  Tlu;  close  rclation  between  the  leal- 
,  the  chonlif  temlinc*.  resulLs  from  the 
h  the  traln-cuUi'  of  the  spongy  mvocardium 
musciilar  \valls  undergo  p;irtial  consolidation,  so  that 


li-is   aiirl  tlit-    atlm-hi-d  r<.-straiiiinj;  li 
sec.iuidrv  uni.m  ..f  th<- imn 
nI  the  voung  heart.      The  li 
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the  outer  strata  of  the  ventricular  muscle  become  coin|)act  »hile  thc  iiiner  laycra  for 
a  tirne  retain  their  characteristic  irabecul«.  Those  aitaclicii  to  tht  \aivfs  undergo 
thickening  and  coiisolidation  and  become  the  papillury  iiiuscies;  a  ieu'  pcrsist  as  ties 


[iČbl  tai  lefl  aiiiiculir  appenOaKC« ;  avc. 
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InMn  m  front;  B.  famv  IriHn  kbiIiivi.  of  35  th"s  ifin  precedliiK  CiBUTii;  C.Niinc  hcart  ojviinfiiii  richt  siitc  >li'winjt 
iBneifacI  icptaj  oJ.  aurliiibr  K-iituin  :  :'j.  \p'itricu1ar  »ptuni;  ».  HMiiin  ipurium;  »,  t-mm  minicns:  11',  tvnnus 
valrv;  i/,  Mptam  iiiii-miiiliiiin :  >.".;:',  Tiithi  ■»d  lett  i-cntrklcs:  />i,1rft  aurh-k-;  rn:'. /iir.  ri|tht  aml  Irfi nuriculo- 


or  modtnitorbands:  uhilcthc  inajoritv  retain  thcir  freiiloni  ti>  a  U-sser  dfijrce  and, . 
the  criliimna-  cnrncii*.  ]iriidiice  thf  ronspiciious  niniU-llinp  of  the  intcrior  of  the 
tricles.     The  muscular  tissue,  ivhich  at  first  extendetl  to  and  t 
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tion  of  blood  through  an  auriculo-ventricular  valve  that  does  not  accurately  close  the 
coiresponding  opening  or  (^)  to  an  obstruction  to  the  exit  of  blood  from  the  ven- 
tride  at  the  aortic  or  at  the  pulmonary  orifice. 

If  a  heart  murmur  is  not  synchronous  with  the  radial  pulse  (diastolic  or  pre- 
systolic),  it  may  be  caused  by  (a)  obstruction  to  the  passage  of  blood  from  an 
auride  into  a  ventride  (mitral  or  tricuspid  stenosis);  or  (^)  regurgitation  from  the 
pulmonary  artery  or  aorta  into  the  right  or  left  ventride  (pulmonary  or  aortic  insuf- 

fidency). 

Of  these  various  murmurs  those  due  to  mitral  and  aortic  insuffidency  are  by  far 

the  most  frequent. 

Valvular  disease  of  the  left  side  of  the  heart  (90  per  cent  of  ali  cases)  is  more 
frequent  on  account  of  the  greater  work  required  of  this  side  and  the  associated 
greater  liability  to  strain,  rardy  sudden,  usually  trifiing  but  oft  repeated. 

1.  Mitral  insufficiency — an  imperfect  dosm-e  of  the  segments  of  the  left  auriculo- 1 
ventricular  valve— causes  a  systolic  murmur,  heard  best  (a)  over  the  apex  and  super-  j 
ficial  cardiac  area  because  there  the  ear  can  most  nearly  approach  the  left  ventride  | 
without  the  interposition  of  pulmonary  tissue  or  of  the  right  ventride  ;  {b)  in  the    1 
axilla,  because  it  is  transmitted  in  the  direction  of  the  arterial  blood-current ;  and  (r)    | 
at  the  angle  of  the  left  scapula,  or  between  the  fifth  and  eighth  thoracic  vertebrae,  for  I 
the  same  reason,  and  because  at  that  point  the  left  ventride  is  posterior.     In  addi- 
tion,  the  pulmonary  second  sound  is  louder  and  sharper  than  natural  (accentuated) 
because  of  the  following  series  of  occurrences  which  should  be  studied  in  connection 
with  the  structures  and  cavities  involved  :    over-filling  and  distention  of  the  left 
auride,  imperfect  emptying  of  the  pulmonary  veins,  pulmonary  congestion  and  re- 
sistance  to  the  systole  of  the  right  ventride,  increased  fulness  of  the  pulmonary  arter- 
ies,   and  corresj>onding  increase  of  the   backward  pressure   upon  the   pulmonary  ' 
valves,  shutting  them  more  sharply  and  forcibly  (accentuation). 

Furthermore,  as  the  distention  of  both  ventricles  results  in  hypertrophy,  the 
transverse  diameter  of  the  area  of  cardiac  dulness  is  distinctly  increased. 

2.  In  mitral  stenosis  (often  associated  with  some  degree  of  mitral  insufficiency) 
a  murmur  is  usually  heard,  preceding  the  pulse-beat  (presystolic), — corresponding, 
that  is,  to  the  auricular  systole,  and,  as  the  left  auride  is  distended — from  imperfect 
emptying — ^and  hence  the  pulmonary  veins  and  arteries  and  the  right  heart  are 
in  the  same  condition,  there  is  again  a  loud  accentuation  of  the  second  sound. 

3.  Aortic  insufficiemy  is  characterized  by  a  murmur  that  follows  the  radial  ■ 
pulse  (diastolic),  occurs  as  the  blood  is  being  driven  back  into  the  ventride  by  the 
elastic  aorta,  is  heard  best  over  the  stemal  end  of  the  second  right  intercostal  space 
{videsupra),  is  often  prof>agated  towards  the  xiphoid  cartilageor  down  the  left  side 
of  thestemum,  and  is  more  rarely  heard  in  the  carotid  or  axillary  vessels, — 1.^.,  as 
it  is  a  murmur  primarily  due  to  the  reflux  of  blood  from  the  aorta  into  the#rentricle, 
it  is,  in  accordance  with  wdl-known  laws  of  physics,  transmitted  in  the  direction  of 
the  current  causing  it. 

The  great  distention  and  subsequent  hypertrophy  of  the  left  ventride  caused  by 
its  inability  to  empty  itself  result  in  a  marked  increase  of  percussion  dulness.  As 
the  aortic  valves  do  not  come  together  normally,  the  aortic  second  sound  is  feeble  or 
absent. 

4.  Aortic  stenosis  (much  less  frequent  than  insuffidency)  is  usually  accompanied 
by  a  systolic  murmur  heard  at  the  aortic  cartilage  and  transmitted  along  the  great 
vessels  to  the  axilla,  to  the  neck,  and  along  the  spine,  but  difficult  to  distinguish  from 
similar  murmurs  caused  by  disease  of  the  inner  coat  of  the  aorta  or  by  mere 
roughening  of  the  valves.  As  the  aorta  receives  a  diminished  quantity  of  blood, 
one  factor  in  the  production  of  the  apex  beat  is  lessened  in  effectiveness  and  the 
cardiac  impulse  is  often  also  lessened.  Dilatation  and  hypertrophy  of  the  left  ven- 
tride with  subsequent  secondary  changes  in  the  other  cavities  may  follow,  but  are 
not  nearly  so  marked  as  in  aortic  insuf!iciency. 

Valvular  disease  of  the  right  side  of  the  heart  may,  on  account  of  its  relative 
infrequency  and  to  avoid  repetition,  be  even  more  briefiy  summarized  :  . 

I.    Tricuspid  insujfficiency^-oitQn  following  pulmonary  conditions  obstructing  the  ' 
drculation — is  characterized  by  (a)  a  low  systolic   murmur  heard  well  over  the 
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/  lower  sternum  on  account  of  the  relation  of  tlie  right  auriculo-ventricular  orifice  to 
the  middle  of  that  bone  ;  {d)  incrcase  of  percussion  area  to  the  right  of  the  sternum 
becaiise  of  the  distention  and  dilatalion  of  the  right  auricle  that  foHow  ;  and,  (r)  from 
the  siinie  causc  and  the  resultant  back\vard  pressure  on  the  systeniic  veins,  a  venous 
/  pulse-wave,  seen  best  in  the  internal  and  external  jugular  on  the  right  side,  but  not 
infrequently  recognizable  on  both  sides,  in  the  subclavian  and  axillary  veins  also,  or 
as  a  systohc  expansile  impulse  in  the  Hvcr  transmitted  through  the  inferior  cava  and 
hepatic  veins. 

2.  Tricuspid  stejiosis,  like  that  of  the  mitral  valve,  is  apt  to  cause  a  presystolic 
murmur,  and  for  the  same  physical  reasons. 

3  antl  4.  Pu/mo7iary  msuffidency  and  staiosis  (discase  of  the  pulmonary  valves) 
are  so  rare  and  so  uncertain  in  their  physical  signs  as  to  require  mention  merely  to 
complete  the  survey  of  the  group. 

The  various  forms  and  degrees  of  hypertrophy  or  dilatalion  of  the  heart  which 
are  associated  with  the  foregoing  conditions  can  be  readily  understood  by  con- 
sidering  the  increased  resistance  and  correspondingly  increased  exertion  which  are 
brought  about  by  the  vaivular  changes.  The  essential  cause  of  hypertrophy  in  the 
heart,  as  in  other  muscles,  is  increased  work.  The  etiological  factors  which  neces- 
sitate  this  should  be  studied  in  connection  with  the  anatomy  of  the  heart  and  have 
been  well  summarized  by  Osler. 

Hyp€rtrophy  of  the  le/t  ventricle  alone,  or  \vith  general  enlargement  of  the  heart, 
is  brought  about  by — 

(a)  Conditions  af^ecting  the  heart  itself :  (i)  Disease  of  the  aortic  valve  ;  (2) 
mitral  insufficiency  ;  (3)  pericardial  adhesions  ;  {4)  sclerotic  myocarditis  ;  (5)  dis- 
turbed  innervation  with  overaction,  as  in  exophthalmic  goitre,  in  long-continued 
nervous  palpitation,  or  as  a  result  of  the  action  of  certain  articles,  such  as  tea,  alcohol, 
and  tobacco.  In  aH  of  these  conditions  the  work  of  the  heart  is  increased.  In  the 
čase  of  the  valve  lesions  the  increase  is  due  to  the  increased  intraventricular  pressure  ; 
in  the  čase  of  the  adherent  pericardium,  or  the  myocarditis,  to  direct  interference  with 
the  symmetrical  and  orderly  contraction  of  the  chambers. 

(^)  Conditions  acting  upon  the  blood-vessels  :  (i)  General  arterio-sclerosis, 
with  or  without  renal  disease  ;  (2)  aH  states  of  increased  arterial  tension  induced  by 
the  contraction  of  the  snialler  arteries  under  the  infiuence  of  certain  toxic  substances  ; 
(3)  prolonged  niuscular  exertion,  which  enonnously  increases  the  blood-pressure  in 
the  arteries  ;  (4)  narro\ving  of  the  aorta,  as  in  congenital  stenosis. 

Hypertrophy  of  the  right  ventricle  is  met  with  under  the  following  conditions  : 

(i)  Lesions  of  the  mitral  valve,  either  incompetence  or  stenosis,  which  act  by  in- 
creasing  the  resistance  in  the  pulmonary  vessels  ;  (2)  pulmonary  lesions  with  obliter- 
ation  of  any  considerahle  number  of  blood-vessels  \vithin  the  lungs,  such  as  occurs 
in  emph)tema  or  cirrhosis  ;  (3)  vaivular  lesions  on  the  right  side  occasionally,  and 
not  infrequently  in  the  foetus  ;  (4)  chronic  vaivular  disease  of  the  left  heart  and 
pericardial  adhesions. 

In  the  auricles  simple  hypertrophy  is  never  seen  ;  it  is  al\vays  dilatation  with 
hvpertrophv.  In  the  left  auricle  thecondition  develops  in  lesions  at  the  mitral  orifice, 
particularly  stenosis.  The  right  auricle  hvpertrophics  \vhen  there  is  greatly  increased 
blood-pressure  in  the  ksser  circulation,  \vhether  due  to  mitral  stenosis  or  to  ptilmo- 
nary  lesions.   Narro\ving  of  the  tricuspid  orifice  is  a  less  frequent  cause. 

Hvpertrophv  or  dilatation  of  the  cardiac  chambers  may  cause  pressure,  some- 
times  injurious,  on  surrounding  structures. 

Great  enlargements  of  the  left  ventricle,  as  seen  in  the  bovine  heart  of  vaivular 
diseast^,  mav  occasion  romj)ression  of  the  lo\ver  j)ortion  of  the  left  lung  when  a  deu- 
ation  of  the  mrdiastinum  touards  the  right  is  j)revented.  As  a  rule,  such  enlarge- 
ment com])resscs  the  l()\ver  f)art  of  the  left  lung  comparativelv  little.  Enlargement 
of  the  right  \  (Mitricle  frccjuentlv  causes  a  depression  and  for\vard  displacement  of  the 
left  lohe  of  the  livrr  and  thr  a])prarance  of  a  ])ulsating  mass  in  the  epigastrium. 

Dilatation  of  the  auricles  is  more  likelv  to  j)ro(luce  serious  compression  of  sur- 
rouiulinv^  structnrt.*s  than  is  that  of  the  ventricles  because  of  the  greater  hxation  of  the 
heart  at  its  upjK-r  j>ortion  \vhere  tlu-  auricles  are  placed.  Hnlargement  of  the  Idt 
auricle  has  in  M>me  ca.^es  prochic  ud  compression  of  the  left  bronchus  with  consequent 
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collapse  of  the  lung.  Enlargement  of  the  right  auricle  seems  to  be  the  basis  of  the 
frequently  occurring  right-sided  hydrothorax  of  valvular  heart  disease.  Compression 
of  the  azygos  vein  and  perhaps  of  the  veins  and  lymphatics  at  the  root  of  tlie  right 
lung  by  the  enlarged  auricle  accounts  for  the  occurrence  of  one-sided  hydrothorax 
(Stengel). 

Rupture  of  the  heart  is  usually  secondary  to  fatty  degeneration  of  the  cardiac 
muscles.  It  may  follow  a  complete  embolic  obstruction  of  one  of  the  branches  of 
the  coronarv  arteries.  Arterio-sclerosis  with  slow  obliteration  of  one  or  both  of 
these  arteries  may  result  in  such  atrophy  of  the  myocardiuni  as  to  favor  rupture,  and 
this  atrophy  is  hastened  by  the  fact  that  there  is  no  direct  anastomosis  between  the 
branches  of  these  vessels  (page  703).  With  any  of  these  predisposing  conditions 
present,  rupture  may  follow  unusual  exertion,  or  a  heavy  fall,  or  direct  \'iolence  to 
the  precordium,  or  may  occur  spontaneously.  The  right  side  of  the  heart  is  the 
more  frequently  invoK'ed,  the  right  auricle  especiallv  ;  but  the  cavities  implicated,  in 
order  of  frequency,  are  the  right  auricle,  left  ventricle,  left  auricle,  right  ventricle. 
This  order  probably  results  from  the  facts  that  (a)  the  right  auricle  is  the  weakest 
part  of  the  heart ;  (b)  the  left  ventricle,  though  normally  the  strongest  part,  stands 
second  because  it  is  specially  liable  to  the  myocardial  degenerations  that  result  from 
coronary  arterio-sclerosis  ;  {c)  the  left  auricle  and  the  right  ventricle,  though  weaker 
than  the  left  ventricle,  are  less  frequently  affected  because  they  are  not  so  liable  to 
such  degeneration. 

Wdund  of  the  heart  is  not  necessarily  fatal.  A  štab  wound  mav  be  followed  by 
little  or  no  hemorrhage  owing  to  the  anatomical  arrangement  of  the  muscular  fibres, 
some  of  which,  whatever  the  direction  of  the  wound,  escape  division.  The  thicker 
the  cardiac  wall  at  the  site  of  the  wound  the  more  numerous  the  fibres  and  the 
more  effective  their  action  in  preventing  hemorrhage  ;  hence  wounds  of  the  auricles 
are  more  certainly  and  more  rapidly  fatal  than  \v0und3  of  the  ventricles,  and  wounds 
of  the  right  ventricle  are  graver  than  those  of  the  left.  Pain  and  syncopal  attacks 
are  almost  always  present.  Hemorrhage  into  the  pericardium  will  be  attended  by 
great  precordial  oppression,  there  will  be  increase  of  the  area  of  cardiac  dulness, 
and  indistinctness  or  feebleness  of  ali  the  heart  sounds. 

The  anterior  surface  of  the  heart  is  most  frequentiy  wounded.  The  overlapping 
of  the  pleura  (page  1860)  leads  to  its  usual  involvement  in  wounds  of  the  heart  or  peri- 
cardium, except  those  that  reach  the  latter  through  those  areas  of  the  stemum  with 
which  they  are  in  direct  relation.  Accordingly,  in  most  heart  \vounds  a  pleural  cavity 
— commonly  the  left — is  found  to  contain  blood.  As  the  anterior  margin  of  the  lung 
is  also  apt  to  be  in  vol  ved,  except  vvhen  the  wound  is  \vithin  the  bounds  of  the  area 
of  cardiac  dulness,  the  blood  in  both  the  pleural  and  pericardial  cavities  may  be  frothy. 
The  right  auricle  and  ventricle  and-  the  left  coronary  vessels — running  in  the 
anterior  interventricular  groove — are  most  frequently  \vounded  ;  the  righti  auricle  if 
the  wound  passes  through  the  inner  end  of  the  right  third,  fourth,  or  fifth  intercostal 
space  :  the  right  ventricle  if  it  passes  through  a  corresponding  space  to  the  left  of  the 
stemum. 

As  40  per  cent.  of  the  reported  cases  operated  upon  for  heart-\vounds  have 
recovered,  it  mav  be  \vell  to  associate  the  studv  of  the  normal  heart  with  that  of  the 
best  method  of  gaining  access  to  it  for  surgical  purposes. 

The  heart  should  be  ex]>osed  by  a  flap,  the  lo\ver  border  of  which  corresponds 
to  the  sixth  interspacc.  ihe  inner  border  to  the  left  border  of  the  sternum,  and  the 
upper  border  to  the  third  or,  if  the  \vound  is  high  up,  to  the  second  interspace. 
The  cartilages  of  the  corresponding  ribs  are  dividc^  and  the  flap  is  raised,  separated 
if  possible  from  the  pleiira,  and  turned  outward  by  fracturing  the  ribs.  The  pleura 
is  separated  from  the  pericardium,  to  \vhich  it  does  not  adhere  verv  closely, 
beginning  touards  the  middle  line.  The  pericardium  is  then  incised  and  the  accu- 
mulated  blood  evacuated,  \vhich  is  often  a  great  relief  to  the  heart,  to  \vhich  the  pulse 
quickly  responds.  Tuo  fingers  are  no\v  inserted  below  and  lK'hind  the  apex  and 
the  heart  tilted  for\var(l  and  sutured.  If  a  second  wound — that  of  exit — is  suspected, 
it  may  be  found  by  tuisting  the  heart  gently  to  the  right  or  left.  The  sutures  should 
go  down  to  the  endocardium,  but  should  not  enter  the  cavities  of  the  heart.  The 
pericardium  is  then  closed,  the  pleura  replaced,  and  the  fiaps  sutured  in  position. 
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The  same  Jncision — or  an  extension  downward  of  this  one — will  permit  ct  sum- 
dent  exposure  of  ihr  heart  for  cardiac  massa^e,  a  method  of  resusdtation  in  de»- 
peratc  cases  of  syncope  during  anaesthesia  which  has  been  recently  emplojred,  bul 
the  value  of  which,  if  il  lias  any,  cannot  now  be  estimated. 

THE   PERICARDIUM. 

The  pericardium  is  the  serou;^  sac  which  encloses  the  heart  and  the  proxtinal  por* 
tions  of  the  greal  vessels.  Like  other  serous  sacs,  it  consists  of  two  layers,  one  ol 
whtch,  the  visctral  layer,  dosely  invests  the  heart  and  at  its  base  becomes  conttnuous 
with  the  parietal  layer,  within  which  it  is  invaginated. 

The  visceral  layer,  sometimes  tcrmed  the  epicardium,  is  an  exceedingly  thin 
membrane,  and  is  throughout  the  jireater  part  of  its  extent  so  cioseIy  adherent  to  the 
outer  surface  of  the  heart  that  any  attempt  to  detach  it  results  in  in}ury  to  the  super- 
fidal  layers  of  the  heart  musculature.  Over  the  right  side  and  the  anterior  suiiace 
of  the  ventricular  portion  of  the  heart,  however,  a  certain  amount  of  fat,  even  in  thin 
persons,  occurs  betwcen  the  muscular  tissue  and  the  epicardium. 

Fig.  675. 
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The  parietal  layer,  much  stronger  than  the  visceral,  forms  a  somenhaC 
conical  sac,  the  base  of  which  rests  upon  and  is  attached  to  the  diaphragm,  while  it9 
ape.\  surrounds  the  roots  of  the  aorta.  Notwithstanding  its  greater  size,  no  cavity 
exists  normally  between  this  and  the  visceral  layer,  the  two  being  in  contacC 
throughout,  except  belnw,  »here,  towards  the  pcriphery  of  the  bose  of  Ihe  parietal 
cone,  a  siight  spacc  occurs  which  is  normally  occupied  by  a  quantity  of  pencardial 
Huid  {liquor pericardii') . 

''  *^'- sides.  and  to  a  considerable  extent  on  \ts  anterior  sur/ace,  the  parietal 

'■■*■"  is  unite<l  to  or  is  in  close  contact  with  the  adjacent  pleune. 

'*-"~f  »here  it  covers  the  aorta  it  is  free  from  sadk 
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Above,  as  has  been  suted,  the  parietal  layer  extends  upward  some  distance  upon 
the  proxJmal  pordons  of  the  systeinic  and  puImonary  aorUe  before  passing  over  into  the 
visceral  layer,  but  the  amount  to  which  the  two  vessels  are  invested  difiers  considerably. 
If  the  parietal  ]ayer  be  cut  away  alon^  the  line  at  which  it  becomes  continuous  with 
the  visceral  layer,  two  distinct  lines  will  be  found  indicating  its  attachments.  One  of 
these  surrounds  the  two  aort<e  (Fig.  654),  which  are  united  by  connecbve  tissue,  and 
extend9  upward  upon  the  systemic  aorta  to  a  point  a  liitle  be!ow  the  origin  of  the 
innominate  artery,  a  level  which  corresponds  very  nearly  with  the  upper  border 
of  the  second  costal  cartilage;  upon  the  pulmonary  aorta  (artery)  the  line  does  no' 
rise  quite  so  high,  reaching  to  a  point  a  little  be!ow  where  the  vessel  divides  into 
the  right  and  lefl  pulinonary  arteries.  The  olher  line  of  attachment  is  much  more 
exten3ive  and  complicated  (Fig.  655).     Starting  from  its  attachment  to  the  left 

Fig.  676. 


pulmonary  veins,  ui>on  which  it  ascends  for  a  short  dlstance,  it  passes  directly  across 
the  posterior  surface  of  tlie  left  auricle  to  ihe  base  of  the  right  pulmonary  veins.  and 
b  thence  continuecl  downward  to  surround  the  vena  cava  inferior  dose  to  its  entrance 
into  the  right  auricle.  Thence  it  passes  upward  to  regain  the  right  pulmonary  veins, 
and  is  then  continued  around  the  vena  cava  superior,  upon  which  it  rises  to  a  height 
o(  about  3  cm.  It  then  passes  towards  the  left  over  the  posterior  stirface  of  the 
auricies  to  reach  the  starting- point  at  the  left  pulmonary  veins. 

The  existence  of  these  two  separate  lines  of  attachment  is  due  to  a  diHerence  in 
the  an-angement  of  the  visceral  and  parietal  layers  in  the  interval  fjetween  the  aortae 
and  the  anterior  surface  of  the  auricies.  The  parietal  layer  passes  directly  across 
fcrom  the  aart<e  to  the  auricies.  while  the  visceral  layer  forms  an  investment  for  the 
vessels,  extending   downward   to  their  origin  from  the  ventndes,   and  is  thence 
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The  parietal  layer  of  the  pericardium  is  in  relation  with  an  external  fibrous  layer 
which  extends  beyond  the  serous  investment  of  the  roots  of  the  jj^reat  vessels,  blends 
with  their  outer  coats,  and  is  directly  continuous  with  the  deep  cervical  fascia,  thus 
connecting  the  pericardium  with  two  respiratory  agents,  the  diaphragm  below  and 
the  cervical  muscles  (omo-hyoid)  above.  VVhen  these  act  conjointly,  as  in  a  fuU 
inspiration,  they  render  the  pericardium  tense  and  resisting,  and  minimize  the  pressure 
upon  the  heart  by  the  inflated  lungs  (page  551). 

Pericarditis — probably  more  often  overlooked  than  any  other  serious  disease 
(Osler) — may  arise  from  wound  from  without,  as  in  ordinary  penetrating  wounds 
of  the  chest,  or  from  within,  as  from  the  passage  of  a  foreign  body  from  the  oesoph- 
ž^^us  into  the  pericardium  (page  1614);  or  it  may  follow  extension  of  disease  from 
contiguous  organs,  as  in  pleuro-pneumonia.  The  anatomical  relations  of  the  peri- 
cardium explain  these  occurrences.  The  more  usual  causes,  as  rheumatism,  septi- 
c^emia,  gout,  and  nephritis,  have  no  anatomical  bearing. 

Pericarditis  is  attended  by  certain  symptoms — weil  detailed  by  Sibson — ^which 
should  be  studied  in  connection  with  the  anatomy  of  the  heart  and  pericardium. 

I.  Pain — '(a)  spontaneous  and  directly  over  the  heart,  the  pleurae  often  being 
involved.  both  these  serous  membranes — like  the  peritoneum — becoming  painful 
when  inflamed,  although  normally  insensitive  ;  (^)  elicited  by  pressure  (tenderness), 
the  skin  over  the  precordium  sometimes  participating  on  account  of  the  connection 
between  the  upper  intercostal  nerves  and  the  ganglia  and  ner\'es  of  the  cardiac  plexus  ; 
(r)  over  the  epigastric  region  and  increased  by  pressure,  because,  although  normally 
the  pericardium  below  is  in  direct  relation  with  the  thoracic  parietes  over  only  a  small 
area  behind  the  xiphoid  cartilage,  distention  of  the  pericardial  sac,  as  in  effusion 
from  pericarditis,  carries  it  downward  so  that  it  niay  be  well  beiow  the  tip  of  the 
xiphoid  ;  {d  )  between  the  scapulae  or  deep  in  the  chest,  increased  by  swallowing  or 
by  eructations,  and  vvorse  \vhen  the  patient  is  supine,  due  to  the  relation  between  the 
oesophagus  and  pericardium  just  belovv  the  aortic  arch  ;  (^)  in  the  side,  usually 
pleuritic  (from  extension),  and  more  common  on  the  left  sicie  on  account  of  the 
greater  extent  to  vvhich  the  inflamed  pericardium  occupies  the  left  side  of  the  chest 
than  the  right  side,  to  the  marked  backward  displacemeiit  of  the  louer  lobe  of  the 
left  lung  by  the  distended  pericardial  sac,  and  possibly  (Sibson)  to  the  pressure 
of  the  latter  on  the  left  bronchus  increasing  in  the  left  lung  the  tendency  to  intercur- 
rent  pneumonia.  2.  Feeble  or  irregular  heart  act  ion,  due  to  (a)  direct  extension 
of  the  inflammation  from  the  visceral  layer  of  the  pericardium  to  the  heart  muscle 
(myocarditis) ;  {d)  implication  of  the  cardiac  nerves  ;  (r)  pressure  by  the  pericardial 
effusion  on  the  venie  cavae  and  pulmonary  veins,  impeding  the  blood-supply  to  both 
auricles  ;  direct  pressure  upon  the  auricles  interfering  with  the  ventricular  supply  ;  and 
pressure  upon  the  whole  organ  both  directly  from  the  effusion  and  indirectly  from 
the  compressed  and  displaced  lung^  and  the  other  contiguous  structures,  embarrass- 
ing  its  action,  especiallv  in  diastole.  3.  Dyspncta,  due  to  the  pulmonary  congestion 
produced  by  the  previous  causes  ;  sometimes  the  result  of  a  pleurisy  or  pleuro- 
pneumonia  by  extension  ;  or  perhaps,  as  Hilton  has  suggested,  partly  from  fixation 
or  irregular  action  of  the  diaphragm  through  irritation  of  the  pericardiac  filament 
of  the  phrenic  (ramus  perica rdiacus),  usually  given  off  on  the  right  side.  4.  Dvs- 
phagia  (page  16 14)  from  compression  of  the  cesophagus  between  the  pericardium 
and  the  vertebral  column,  usually  relieved  when  the  patient  is  put  in  an  apj)roximately 
vertical  position.  5.  Aphonia,  from  involvement  of  the  left  recurrent  larvngeal 
ner\'e  by  contiguitv,  or  of  both  nerves  through  their  cardiac  branches.  6.  Fuhiess 
of  the  cervical  veins  and  flushi^ig  or  cvanosis  of  the  face,  due  to  pressure  upon  the 
thin  walls  of  the  right  auricle  and  of  the  superior  vena  cava.  Compression  of  the 
left  auricle  is  better  resisted  on  account  of  the  greater  thickness  of  its  walls  ;  when 
it  occurs,  it  tends  to  produce  pulmonar)*^  congestion  or  apoplexy. 

The  phvsical  signs  of  pericarditis  are,  of  course,  influenced  by  the  attachment, 
surroundings.  and  ])hysical  qualities  of  the  pericardium. 

I.  As  it  is  in  t\v<)  lavers  iionnallv  movable  upon  each  other,  the  rougheningcaused 
by  inflammation  ])ro(iures  \\  friction-sound  \\\(\Q\i,\s\\^x\  tvpical,  is  («)  heard  best  over 
the  middle  and  tlu-  louer  half  of  the  sternum.  and  over  the  adjoining  left  costal 
cartilages  or  their  interspaces,  because  there  a  grealer  extent  of  the  pericardium  is 
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closer  to  the  ear,  with  fewer  intervening  stnictures  than  elsewhere  ;  (d)  preceded  or 
accompanied  by  pain  {vid^  supra) ;  (r)  usually  increased  by  pressure  with  the  stetho- 
scope,  which  brings  the  two  roughened  pericardial  layers  into  closer  apposition  ;  (d) 
accompanied  by  an  extension  of  the  area  of  cardiac  dulness  {vide  infra) ;  (^)  is 
double, — that  is,  corresponding,  although  not  altogether  synchronously,  to  both 
systole  and  diastole  ;  and  (/")  niay  disappear  when  effusion  occurs, — separating  the 
two  layers, — or  niay  persist  over  a  small  area  near  either  the  diaphragmatic  attach- 
ment  or  the  pericardial  reflection  at  the  base. 

2.  As  the  pericardium  is  markedly  elastic,  when  efhision  takes  plače  the  parietal 
layer  may  stretch  so  that  the  pericardial  cavity  may  hold  ten  or  twelve  ounces  instead 
of  a  {ew  grammes,  or  in  chronic  cases  may  contain  several  pints.  As  its  cavity  is  in  the 
shape  of  that  of  a  hollow  cone  or  f)ear,  the  apex  corresponding  to  the  fixed  portion  of 
the  heart — held  in  plače  by  the  great  vessels — ^and  the  base— enlarged  to  permit  the 
considerable  degree  of  motion  of  the  heart*  s  apex — to  the  upper  surhce  of  the  dia- 
phragm,  pericardial  effusions  also  take  this  general  shape,  and  the  area  olpercussum- 
dulness  will  be  found  to  have  its  base — about  on  a  level  with  the  fifth  or  sixth 
interspace — inferior,  and  its  apex — about  on  a  level  with  the  second  inteispace^ 
directed  upward  towards  the  first  segment  of  the  stemum.  It  is  more  marked  to  the 
left  of  the  sternum  on  account  of  the  larger  area  of  heart  and  pericardium  on  that 
side,  but  may  be  found  to  the  right  of  the  sternum,  especially  about  the  fifth  intercosta] 
space  (Rotch),  because  on  the  right  side  (owing  to  the  presence  of  the  right  lobe  ol 
the  liver)  the  lower  border  of  the  distended  sac  is  somewhat  higher  than  on  the  Icft 

3.  As  such  enlargement  must  affect  the  contiguous  organs  and  the  overiying 
parietes,  there  will  be  found  in  fuU  distention  :  {a)  prominence  of  the  intercostal 
spaces,  especially  on  the  left  side,  or  of  the  left  antero-lateral  thoracic  walb,  of  the 
epigastrium  (from  depression  of  the  diaphragm  and  left  lobe  of  the  liver),  of  the 
lower  two-thirds  of  the  stemum,  or,  in  children  with  yielding  thoracic  wails,  of  the 
whole  precordia  ;  (^)  compression  of  the  left  lung,  sometimes  causing  a  tympanitic 
percussion-note  in  the  left  axillary  region  ;  (r)  compression,  between  the  relativdy 
unyielding  sternum  and  the  dorsal  spine,  of  the  trachea  and  left  bronchus  (irritative 
cough),  the  cesophagus  (dysphagia),  and  the  aorta  (affect ing  the  systemic  blood- 
supply);  (^)  a  backward  curve  of  the  dorsal  spine  has  been  described  (Sibson)  as 
resulting  from  the  necessity  of  limiting  pressure  on  these  important  stnictures  ;  {e) 
compression  or  irritation  of  the  recurrent  laryngeal  nerve  (aphonia)  and  the  superior 
vena  cava  (venous  engorgement  of  neck  and  face)  have  been  noted  {vide  sttpra), 

4.  The  upward  displacement  of  the  heart  itself,  due  to  {a)  its  attachments  to 
the  ereat  vessels  fixing  its  upper  portion  ;  and  (^)  the  effect  of  gravity  upon  the 
effusion  which  distends  the  lower  part  of  the  sac,  separates  to  an  extent  the  chest- 
walls  and  the  inferior  portion  of  the  right  ventricle,  and  occupying  the  space  between 
the  lower  surface  of  the  heart  and  the  tendinous  centre  of  the  diaphragm,  forces  the 
former  organ  into  the  upper  part  of  the  pericardial  sac,  causes  a  corresponding 
alferatian  in  the  cardicLC  impuise,  which  is  diminished  or  obliterated,  and  a  change  in 
the  position  of  the  apex  beat,  which  may  be  found  at  the  third  or  fourth  interspace 
instead  of  at  the  fifth  ;  as  the  upper  portion  of  the  chest  is  the  narrower,  and  as  the 
left  lung  has  been  pushed  aside  by  the  distended  sac,  the  apex  beat  may  also  be 
found  much  nearer  a  vertical  line  drawn  through  the  nipple  than  is  normally  the  čase. 

^Aih^T  paracentesis  pericardii  or  incision  of  the  pericardium  for  the  purpose  ol 
tapping  or  of  draining  the  sac  in  cases  of  purulent  effusion  may  be  done  in  the  fifth 
or  sixth  intercostal  space  on  the  left  side  about  one  inch  from  the  stemum.  The 
intemal  mammary  artery  descends  vertically  about  a  half  inch  from  the  margin  ol 
the  stemum.  The  pleura  is  often  pushed  by  tlie  distended  sac  beyond  the  point 
mentioned.  If  not,  the  trocar  would  penetrate  its  two  layers  if  inserted  one  inch  from 
the  sternal  border.  In  the  sixth  interspace  there  is  somewhat  less  danger  of  wound- 
in^  the  heart.  Incision  close  to  the  edge  of  the  stemum  will  usually  avoid  both  of 
thesc  risks.  Incision  or  puncture  in  the  fifth  space  on  the  right  side  has  been  ad- 
visc<i  as  minimizin^  the  danger  to  the  heart.  Deguv  (quoted  by  Treves)  advises  sub- 
periosteal  resection  of  the  xiphoid  cartilage  by  a  median  incision,  downward  detach* 
ment  of  the  diaphrajj^Tnatic  musclc-fibres,  and  dissection  through  the  loose  celluhr 
tissue  to  the  pericardium,  which  is  seized,  drawn  down  and  fonvard,  and  incised. 
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THE  GENERAL   PLAN   OF  THE  CIRCULATION. 

The  blood  which  enters  the  right  auricle  of  the  heart  by  way  of  the  superior  and 
inferior  venae  cavae  and  the  coronary  sinus  is  blood  which  has  come  from  the  tissues, 
to  which  it  has  delivered  the  oxygen  and  nutritive  material  and  from  which  it  has  re- 
ceived  carbon  dioxide  and  other  waste  products.  From  the  right  auricle  this  blood 
passes  through  the  right  auriculo-ventricular  orifice  into  the  right  ventricle,  and  on 
the  contraction  of  this,  which  follows  immediately  upon  the  contraction  of  the  auricle, 
it  is  forced  into  the  pulmonary  aorta  (pulmonary  artery),  the  tricuspid  valve  pre- 
venting  regurgitation  into  the  auricle.  Upon  the  completion  of  the  contraction  of  the 
ventride,  the  blood  which  has  been  forced  into  the  pulmonary  aorta  and  is  distend- 
ing  its  wa]ls  forces  together  the  pulmonary  semilunar  valves  and,  consequendy,  by  the 
contraction  of  the  walls  of  the  vessel  and  by  subsequent  contractions  of  the  ventricle, 
sending  new  blood  into  the  vessel,  is  forced  onward  towards  the  lungs.  In  the  sub- 
stance of  these  organs  the  pulmonary  vessels  divide  repeatedly,  and  finally  form  a 
dense  net-work  of  capillaries,  through  the  walls  of  which  an  interchange  of  gases  be- 
tween  the  blood  and  the  air  contained  in  the  cavities  of  the  lungs  takes  plače.  From 
the  puImonary  capillaries  the  pulmonary  veins  arise  and  carry  the  purified  blood  back 
to  the  heart,  emptying  it  into  the  left  auricle. 

In  this  course  the  blood  has  passed  from  the  heart  through  a  set  of  capillaries 
back  to  the  heart,  and  in  one  sense  it  has  completed  a  circuit,  which  is  termed  the  minor 
or  pulmonary  circulation.  In  reality,  however,  it  is  not  a  perfect  circuit,  since,  while 
b^nning  in  the  right  side  of  the  heart,  it  terminates  in  the  left  side.  In  order  to 
reach  again  the  right  side,  it  is  necessary  for  it  to  pass  through  the  major  or  sysiemic 
circuloHon^  the  general  course  of  which  is  as  follows. 

From  the  left  auricle  the  blood  passes  through  the  left  auriculo-ventricular  orifice 
into  the  left  ventricle,  and  by  the  contraction  of  this  is  forced  into  the  systemic  aorta, 
or,  as  it  is  more  frequendy  termed,  the  aorta,  the  bicuspid  valve  preventing  its  pas- 
sage  back  into  the  auricle.  The  aorta  curves  backward  and  to  the  left  and  passes 
down  the  body  lying  upon  the  left  side  of  the  vertebral  column,  and  in  its  course 
gives  of!  branches  which  distribute  the  blood  to  ali  parts  of  the  body.  In  the  vari- 
ous  organs  these  branches  break  up  into  a  net-work  of  capillaries,  from  which  veins 
lead  the  blood  into  either  the  superior  or  the  inferior  vena  cava  or  into  the  coronary 
sinus,  from  which  it  passes  to  the  right  auricle. 

In  the  systemic,  as  in  the  pulmonary  circulation,  the  blood  passes  from  the  heart, 
through  one  set  of  capillaries,  and  back  to  the  heart.  In  the  čase  of  the  blood  which 
traverses  the  vessels  passing  to  the  stomach,  the  intestines  (with  the  exception  of 
the  lower  ix)rtion  of  the  rectum),  the  pancreas,  and  the  spleen,  however,  a  modifi- 
cation  of  this  arrangement  occurs,  in  that  before  returning  to  the  heart  the  blood 
is  required  to  pass  through  two  sets  of  capillaries.  The  first  set  is  in  the  substance  of 
the  organs  named,  and  after  passing  through  this  the  blood  is  collected  into  a  vein, 
the  vena  porta,  which  conveys  it  to  the  liver.  Here  the  portal  vein  breaks  up  into 
the  second  set  of  capillaries,  through  which  the  blood  passes  to  the  hepatic  veins, 
which  open  into  the  vena  cava  inferior,  and  thus  return  the  blood  to  the  right 
auricle.    This  portion  of  the  major  circuit  forms  what  is  termed  the  portal  circulation. 

THE  ARTERIES. 

The  arteries  are  those  vessels  which  conduct  the  blood  away  from  the  heart. 
Since  the  blood  is  forced  into  the  arteries  under  considerable  pressure  by  the  con- 
traction of  the  ventricles,  it  is  necessary  that  the  walls  of  these  vessels  should  be  suffi- 
ciently  strong  to  \vithstand  pressure,  and  at  the  same  time  elastic  so  as  to  yield  to 
cach  successive  injection  of  blood  from  the  heart  and  to  return  to  the  normal  calibre 
when  the  wave  has  passed.  As  the  blood  courses  from  the  main  vessels  to  the  capil- 
laries, it  passes  through  channels  of  progressively  decreasing  calibre,  «nd  is,  there- 
fore,  constantly  encountering  increa.sed  resistance,  whereby  the  arterial  pressure  is 
diminished,  until  finallv,  when  the  capillaries  are  reached,  the  pressure  is  practically 
nothing.     As  the  pressure  is  reduced,  the  thickness  of  the  arterial  walls  diminishes. 
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so  that,  as  a  rule,  it  inay  be  stated  that  the '  thickness  of  the  \vall  of  an  artcr)- 
directiy  proportional  to  the  calibre  of  the  vessel.     Exceptions  to  the  rule  exist,  ho 
ever,  and  the  thickness  of  the  \vall  is  not  necessarily  the  same  in  vessels  of  identic- 
calibre. 

Another  general  rule,  to  vvhich  there  are  also  exceptions,  is  to  the  effect  that  t 
calibre  of  an  artery  is  proportional  to  the  extent  of  territory  \vhich  it  supplies 
each  point  \vhcre  a  branch  is  given  off  from  an  artery  a  diminution  of  the  calil^ 
occurs,  but  throughout  the  interval  between  succcssive  branches  the  size  of  the  v 
usually  remains  unchanged.     Where,  however,  a  marked  alteration  in  the  directi 
of  an  artery  occurs,  its  dianieter  undergoes  a  slight  diminution,  but  is  re-establishe?-  *. 
or,   indeed,   increased  for  a  short  distance,  so  soon  as  the  change  of  direction 
accomplished.     These  constrictions,  which  are  especially  noticeable  in  large  arteri 
such  as  the  aortic  arch  or  the  subclavian,  are  termed  arterial  isthmuses,  and  \ 
enlargements  vvhich  succeed  are  known  as  arterial  spindles. 

The  area  of  the  transverse  section  of  a  left  subclavian  artery  before  any  branches  were  gi 
off  was  found  to  be  27.6  sq.  mm.,  that  of  a  section  of  the  isthmus  was  15.6  sq.  mm.,  whi]e  l 
of  a  section  taken  about  2  cm.  beyond  the  isthmus  was  20  sq.  mm.     In  the  čase  of  an  aort 
which  the  spindle  was  well  marked,  the  area  of  a  transverse  section  of  the  isthmus  was  foun 
be  46  sq.  mm.,  that  of  a  section  through  the  spindle  was  65  sq.  mm.,  and  that  of  a  section  oE 
thoracic  aorta  a  little  below  the  spindle  was  again  46  sq.  mm.  (Stahel). 

THE  GENERAL  PLAN  OF  THE  ARTERIAL  SVSTEM. 

An  idea  of  the  general  plan  of  the  arterial  system  may  bc  most  readily  obtainecf 
by  reference  to  the  arrangement  occurring  in  the  fishes  (Fig.  677),  in  which  res(>ira- 
tion  is  performed  by  gills  borne  upon  a  series  of  branchial  bars  which  form      the 
lateral  walls  of  the  pharynx.      In  these  forms  the  heart  consists  of  but  two  chisiin- 
bers,  an  atrium  \vhich  reccives  the  grcat  veins  and  a  ventricle  from  which  a  simrgle 
aortic  trunk,  the  tninciis  arteriosus,  arises.     The  heart  contains  only  venous  blood, 
and  its  function  is  to  drive  the  blood  through  the  gills,  where  it  becomes  oxy^en- 
ated,  and  whence  it  passes  to  the  various  organs  of  the  body.     The  heart  is  situi^ted 
far  forvvard,  beneath  the  posterior  portion  of  the  pharynx,  and  the  aorta  passes  fon^^a^^ 
from  it  along  the  floor  of  the  pharynx,  sonietimes  dividing  early  into  two  paK"^^^ 
stems,    the   ventral  aoricr.     From  these,   and  from    the  aorta   before  its  divi^^o^« 
branches  pass  off  to  each  of  the  gill-arches  and,  breaking  up  into  capillaries,  Ira^-^^ersc 
the  gill-filaments  borne  by  the  arches.     After  bcing  oxygenated  in  the  gill-filam^csiits, 
the  blood  from  each  gill  is  collected  again  into  a  stem  which  Joins  with  those  coKir^J^ing 
from  the  other  gills  of  the  same  side  of  the  body  to  form  a  longitudinal  trunk  situ^^^^^ 
on  the  roof  of  the  pharynx,  and  this  trunk,  passing  backward,  unites  with  its  l<e^=^^^' 
of  the  opposite  side  to  form  a  dorsal  aorla,  which  is  continued  throughout  the  e     -ntire 
length  of  the  body  immediately  beneath  the  vertebral  column. 

From  the  forward  part  of  each  of  the  dorsal  longitudinal  stems  branche — -^=s  are 
continued  forward  into  the  head  region,  and  throughout  the  entire  trunk  regio^^**  ^^ 
dorsiil  aorta  gives  off  laterally  paired  branches  corresponding  to  each  of  the  seg- 

ments  of  the  tnmk,  and  from  its  ventral  surface  one  or  t\vo  series  of  visceral  brai ^^^ 

which  are  also  arranged  segmentally. 

At  one  stage  in  the  development  of  the  human  embryo  the  arrangement  ol 
arterial  systein  is  essentiallv  the  same  as  that  \vhich  has  just  been  described, 
that,   since  there  are  no  longcr  anv  gill-filaments,  the  capillaries  of  the 
vc^ssels  are  lacking.      Ry  a  series  of  important  changes,  later  to  be  described  ( 
846),  this  arrangement  is  converted  into  that  found  in  the  adult,  the  relation  bet 
the  human  arrangenu-nt  and  that  occurring  in  the  fishes  beingshown  by  a  corapa.^Tspn 
of  the  preceding  diagram  \vith  Fig.  678.      It  \vill  be  seen  that  the  fourth  brai»^Aia/ 
arch  of  the  U-ft   side  is  reprt^entrd  by  the  arch  of  the  aorta,  the  antcrior  portiiiij 
of  the  dorsal  aorta  hecom(»s  \vhat  is  trrnu-d  the  inlernal  carotid  arter)',  the  forvan/ 
prolongation  of  ih(»  ventral  aorta  ht-comcs  the  exlernal  carotid  artery,  and  the  con- 
necting  link  lnt\v<'fn  tiu-se  t\vo  vessels  represents  the  third  branchial  vessel.     And, 
finallv,  the  last  pair  of  !)ranchial  vessels  is  re])resented  by  the  pulmonary  arteries^ 

\Vhile  the  arteries  have  their  ])riinary  embrvonic  arrangement,  the  heart  liesbr 
f()r\vard  beneath  the  posterior  portion  of  the  pharynx.      Later,  however,  it  undefgoes 
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a  regression  whereby  it  becomes  situated  in  the  thorax,  and  in  ihis  migralion  it 
carrics  backward  (downward)  with  it  the  pulmonary  artcries  and  the  arch  ot  the 
aorta  and  produces  an  elongatlon  of  the  carotids.  As  a  result  of  the  regression  of 
the  aortic  arch,  the  lateral  branches  which  arose  froin  the  anterior  [X)rlions  of  the 
doTsal  aorta  and  were  distributed  to  the  cer\ical  segments  o(  the  body  becorne  sepa- 


rated  from  their  origins  as  far  down  as  the  branch  to  the  seventh  cervical  segment, 
which  becomes  the  adult  subciavian  artery,  but  having  devcloped  anaslomoses  with 
one  another,  so  that  a  longitudinal  stem,  ninning  parallel  Hith  the  internal  carotid 
and  attached  bdow  to  the  subciavian,  is  formed,  they  appear  in  the  adult  as  lateral 
branches  of  that  stem  tvhich  is  temicd  the  vertebral  arlery.  Priniarily  there  are  no 
longitudinal  arteries  in  the  body,  with  the  exception  of  the  carotids  and  the  dorsal 
aorta  ;  but  just  as  the  vortehral  artery  is  formed  in  the  neck  by  ihe  anastomosis  of 
upwardly  and  downwardly  directed  branches  (rom  lateral  vessels.  so,  too,  in  other 
regions,  such  as  the  thoracic  and  abdominal  walls,  other  longitudinal  stems  are 
secondarily  developed. 

The  dorsal  aorta  throughout  its  course  gives  off  wilh  almost  segmental  regular- 
ity  lateral  branches  to  the  bot!y-walls  which  form  the  intercostal  and  lumbar  arteries, 
the  fifth  lumbar  branches  becoming  greatly  eniarged  to  supplv  the  lower  limb,  and 
bdng  termetl  the  iliac  arteries.  Below  the  origin  of  these  the  aorta  is  rcpresented 
oni/  by  a  comparati\ely  slender  vessel.  the  middie  sacral  arter\-,  uhich  is  continued 
to  Uie  tip  of  the  coccyx,  giving  off  lateral  branches  wilh  a  more  or  less  distinct  seg- 
menta! arrangement.  The  visceral  branches  which  arisc  from  the  aorta  do  not  retain 
thcir  original  segmental  arrangement  as  pertectly  as  do  the  branches  to  the  body- 
walls,  but  fuse  to  a  verj-  considerable  extent,  especially  in  the  abdonien,  lo  form  a 
small  number  of  vessels  which  rdmity  to  the  various  portions  of  the  digestive  tract 
and  to  the  genito-urinary  abdominal  organs. 


:ntcm*l  airulds 


It  will  b<-  scen,  thircfnre,  ihat  the  anurial  svstem  consisls  of  two  fundamental 
portions.  a  hranrhial  iinil  a  dorsal  aorlir  [lortioii.  A  classitiralion  iif  the  \'epsets  of 
the  adult  uccurditii^  lo  such  a  plan  Hould,  how(-ver.  result  in  considerable  confusion, 
since.  on-ing  ici  tlu-  s<.-c<)ndary  nioditic^itinns  vvhich  havr  c)ccurRti.  it  «-<mld  necc-ssi- 
tate  the  scparation  into  different  fjroups  of  arteries  which  are  closelv  relate<l.  and. 
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converselj',  »oukt  associate  quite  dbtinct  vessels.  It  wil!  be  more  convenicnt,  thfre- 
fore,  to  emidoj-  a  toix>grapliic  classification.  accordiiig  to  which  (ho  main  subcUvi- 
sions  ii(  the  svsieiii — thal  uf  the  pulmonary  aorta  and  that  o(  the  systemic  aorta — mav 
bc  rccognizfd,  the  systemic  subdivision  lx-ing  aj^ain  divided  into  the  aoriic  arck.  ihe 
thoracic,  and  the  abdominal  porlions. 

THE  PULMONAR^'  AORTA. 
The  pulmonarj-  aorta,  most  frequentty  termed  the  pulinonary  artery  fa.  pal- 
monalis)  takt-s  its  ortgiii  Irom  the  summit  oi  the  conus  artmosus  uf  thi.-  ri^ht 
ventride.  It  is  from  4.5-5  cm.  (about  2  in  )  in  length,  and  is  direcled  upward, 
backward.  and  slightlv  timards  the  left,  and  bcneath  the  arch  of  the  aorta  it  divides 
into  the  right  and  left  pulmonary  arteries  ( Fig.  679J. 


Relations. — Thnmghout  ilie  gre-ater  portion  of  its  length  the  pulmonan'  s 
is  investcd  by  that  |>art  cf  the  visceral  laver  of  the  pericardium  vvhich  surroun^cds  it 
and  the  Itiisal  |>ortion  uf  iht-  svstemic  aorta.  At  its  origin  it  is  partly  overlapp^^i" 
front  hy  the  tip  of  the  right  atiriciilar  appendiN,  and  |)osteriorly  it  is  in  relation  ^it^ 
the  h;is<.-  fif  the  svsteinic  aorta  and  ihe  proxiniai  portion  of  the  right  coronary  aT««n'- 
More  (listallv  it  lifrs  tn  the  h-ft  of  the  svsteinic  aorta  and  rests  upon  the  anterior  si""- 
face  "f  the  lett  aliritU'. 

Branchea— Tlii-  righi  pulmonar/  «nery 'r^rauii  ileiter)  has  nn  almost  transverse  ctf>*''* 
tri.m  ii-  i.rini"  tiAvittils  tlii-  \y.\w  ..f  llie  rij;ht  Uinj;,  It  |iasses  outu-ard  :ilK>ve  the  ri^hl  auri«*, 
li'hiinl  ilii'  ;i-M-ii(linK  imrtiiiii  ur"  llu-  •.vstt-niir  aurta  aiul  ihe  sii|x-ri<)r  vena  cava  and  infrortoi 
tli.-  liiilit  liriMv-liii-..  Al  \W  r<">t  c.f  tli.-  lun;;  il  dividi-s  iiiti.  tlirre  hranches  which  are  disiribulnJ 
tiitiH-  thr.-.-  I..1-s..f  llif  luni;. 

Tlii-  left  pulinonary  «"eo'  '  "mii»  <inMcr  '  i-  s(nin-H  liat  shnrler  than  the  rilfht,  and  pM« 
oiiluaril  in  fninl  oi  tlie  (li'K(-eii(lin);  tM)rli(in  oi  tlie  aortic  streli  and  the  left  bronchus  to  the  nH 
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of  the  left  lung,  where  it  divides  into  lwo  branches  to  be  dislributed  to  the  lobes  of  the  lung. 
From  the  upper  border  of  the  arterv  a  short  cy]indrical  cord  passes  to  the  under  surface  of  the 
transverse  portion  of  ihe  aortic  arch,  a  liltle  beyond  the  point  at  which  the  left  sulx:lavian  artery 
arises  from  its  upper  convex  surface.  This  cord  is  the  remains  of  a  communication  between 
the  pulmonar>-  and  systemic  aortae  which  exists  in  fcetal  Hfe,  when  the  lunj^^s  are  not  functional, 
and  is  termed  the  ductus  arteriosus.  It  represents  the  outer  portion  of  the  vessel  of  the  sixth 
branchial  arch  of  the  left  side,  and  its  lumen  usually  becomes  occluded  during  the  first  few 
months  after  birth,  so  that,  as  a  rule,  the  cord  is  solid  in  the  adult. 

Variations. — The  majority  of  the  variations  that  have  been  obser\ed  in  the  pulmonar}- 
aorta  are  associated  \vith  serious  malformations  of  the  heart  which  usually  result  in  early  death, 
and  are  consequently  to  be  classed  as  |)athological  rather  than  as  merely  anomalous  conditions. 
A  precocious  division  of  the  main  stem  of  the  pulmonary  aorta  occasionalIy  occurs,  absence  of 
the  right  pulmonary  artery  has  been  obser\'ed,  and  an  accessory  coronar>'  artery  has  been  noted 
arising  from  the  pulmonary  aorta. 

Failure  of  tne  ductus  arteriosus  to  undergo  complete  occlusion  is  a  not  infrequent  occur- 
rence,  and  is  often  associated  with  a  persistence  of  tne  foramen  ovale.  The  ductus  has  also 
been  observed  to  arise  directly  from  the  right  ventricle. 

THE  SVSTEMIC  AORTA. 

The  systemic  aorta,  or,  as  it  is  more  commonly  and  more  simply  termed,  the 
aorta,  is  the  main  arterial  stem  for  the  supply  of  the  tissues  of  the  body.  It  arises 
from  the  base  of  the  left  ventricle  and  curves  in  an  arch-like  manner  to  the  left  side  of 
the  vertebral  column,  along  which  it  runs  to  the  level  of  the  fourth  lumbar  vertebra. 
There  it  gives  off  a  pmir  of  large  common  iliac  arteries,  and  is  continued  onward,  much 
reduced  in  size,  along  the  ventral  surface  of  the  siicrum  and  coccyx,  being  termed  in 
this  portion  of  its  course  the  middle  sacral  artery. 

It  may  be  regarded,  for  the  purpose  of  description,  as  being  comjK^sed  of  three 
portions  :  (i)  the  aortic  arch,  \vhich  extends  from  the  heart  to  the  left  side  of  the 
body  of  the  fourth  thoracic  vertebra  ;  (2)  the  thoracic  aorta,  extending  from  the 
lower  end  of  the  aortic  arch  to  the  diaphragm  ;  and  (3)  the  abdominal  aorta,  extend- 
ing  from  the  diaphragm  to  the  fourth  lumbar  vertebra.  The  middle  sacral  artery 
may  most  conveniently  be  treated  as  a  branch  of  the  abdominal  aorta. 

THE   AORTIC   ARCH. 

The  aortic  arch  arises  from  the  base  of  the  left  ventricle  ( Figs.  679,  690),  and 
in  the  first  or  asccndin^r  portion  (aorta  ascendcns)  of  its  course  is  directed  up\vard  and 
somewhat  forvvard  and  to  the  right.  It  then  curves  to  the  left  and  backward  as  the 
transverse  portion  (arcus  aortae),  and  finallv  bends  do\vnward  as  the  descending 
portion  along  the  left  side  of  the  body  of  the  fourth  thoracic  vertebra,  to  become 
cx>ntinuous  with  the  thoracic  aorta. 

At  its  origin  the  aortic  arch  presents  three  rounded  suellings,  one  anterior  and  the 
other  two  postero-lateral,  marking  the  position  of  the  sinuses  of  Valsalva  (sinus  aortac ). 
The  diameter  of  the  ascending  portion  is  about  2.7  cm.  and  that  of  the  descending 
portion  about  2  cm. ,  the  diminution  appearing  rather  suddenly  below  the  origin  of 
the  left  subclavian  arterv  and  forming  what  hiis  been  termed  the  aortic  isthmus. 
Where  the  ascending  portion  passes  over  into  the  transverse  an  enlargement  of  the 
diameter  occurs  \vhich  is  especiallv  \vell  marked  in  older  individuals,  and  is  presuma- 
bly  due  to  the  impact  of  the  blood  forced  out  of  the  ventricle  by  its  contractions. 

At  abi^ut  the  junction  of  its  transverse  and  descending  f)ortions  the  arch  hiis 
attached  to  its  under  surface  the  fihrous  cord  which  rei)resents  the  fcrtal  ductus 
arteriosus. 

Relations. — The  ascending  portion  of  the  arch  is  enclosed  throughout 
almost  its  entire  length  Cahout  5  cm.,  or  2  in.  )  in  the  sheath.  formcd  by  the  visceral 
laver  of  the  pericardiuni,  \vliirh  it  shares  \vith  the  pulmonarv  aorta.  At  its  origin 
it  lies  behind  and  somtuhat  to  the  left  of  that  vessel,  hut  higher  up  crosses  it 
obliquely.  so  that  it  conu-s  to  lit-  upon  its  right  side  ;  to  the  right  and  left  it  is  in 
relation  \vitli  llic  rorrt.-s|ionding  auriclcs,  and  anteriorlv  its  u|)p(T  |)ortion  is  separ- 
ated  from  coiitact  \vith  \hv  stcrnuni  hy  a  more  or  less  abundaiit  fattv  tissue  in  \vhich 
are  the  remains  of  the  ihvmus  gland.  Posteriorly  it  is  in  relation  \vith  the  anterior 
surface  of  the  auricles. 
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The  transverse  portion  is  crossed  oii  its  anterior  surface  by  the  left  phrenic, 
cardiac,  and  pneumojfustric  nerves,  arranf;ed  in  that  order  from  right  lo  left.  thc 
pneumogastric  crossiiig  it  on  a   level  willi  the  origin  of  the  left  subciavian  arter^'. 


:ft  recuTTcnl  lir>'n}[CA]  nrrvt 


More  posteriorly  the  anterior  surface  is  in  contact  wilh  the  left  pleura.  Behind  it  is 
in  relation  from  right  to  left  \vith  the  superior  vena  cava,  the  trachea,  the  cesoph- 
agus,  and  the  body  of  the  fourth  thoracic  \ertebra,  and  below  it  are  the  right  pul- 
monary  arterj',  the  left  reciirrent  laryngeal  nerve,  and  the  left  bronchus.  the  arch 
Crossing  this  last  slructure  obli<|iiely  from  ;if)()ve  down«ard  and  outward. 

The  descending  portion  ol  the  arch  has  in  front  of  it  a  portion  of  the  left 


pleura  and  the 


of  the  k-ft  Inng.      Behind,  It  rests  upon  the  fourth  ihora 
tebra;  to  the  right  of  it  are  the 
(Esophagus  and  thc  thoracic  diicl  "'" 

and  also  the  body  of  the  fourth 
thoracic  vertebra,  and  to  the  left 
are  the  left  pleura  and  lung. 

Branches. — Just  above  its 
origin  the  aortic  arch  gives  off 
{i)  the  riff/i/  and  /e/f  eoronary 
arUries,  and  from  the  upper  or 
convex  surface  of  the  transverse 
piirtion  ihere  arise  in  succession, 
froin  right  to  left,  (2)  the  innom- 
inale  or  brachio-cephalk.  ( 3 )  the 
Itft  common  carolid,  and  (4J  the 
U/t  subciavian  arlery. 


Variationa.  -C)wiiijc to  Ihe  runl- 
pli.-\ily  of  the  chanp.-s  bv  wliich  the 
prinijin'  arranKemeiit  of  Ini;  braiichial 


1  the 


._...  (Fi^H.  6H1,  6Hj|, 
I  lo  ihe  |>ossibi1ity  of 
iiiilihnniifsremiiiiiinK 

.nwiil>  the  ^iriliof  the 
iiiimerolis.  Th(.-yinay 


Diil^m  ihuniBK  normi 
leTlimtlunii  iii  nian  of  |iriaurr 
i««li  by  modiScation  a(  un- 
:alinKpUii;^.«)rUi  .t^.uiilk 
irch;  /.  mnominalcaneir;  fC 
vminon  nrotld«;  EC,  IL.  eu« 
■al  niid  inlcRial  »iMidi ;  S.  v^ 

•ty\  ^,4.  diKIluanelJrant. 


1'ij;.  6.S1)  the  ilistal  portion  of  the  rijjht  aortk  areh 
in  aru-r*',  imliiatlons  of  it  persisting  as  a  nM)n;or 

ih<-  ihiiraric  iiortii.  This  deK^neration  maj  m« 
nTsistiiiK  in  iheir  iiuirety  (Fig.  68j);  and,  sin«  in 
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such  castis  the  descending  aurta  usuallv  rctains  its  iiumial  [Hisitioii  tu  the  left  uf  the  spinal 
column,  a  condition  rs  produced  in  uhich  the  aurtic  arch  appears  to  Ih;  split  lengthwise  intu 
two  portions.  one  of  uhich.  thc  left  arch,  orkscs  in  front  of  the  tracheu  nnd  (t-soptia^us  and 
gives  ori^n  ta,  Ihe  left  cummon  carotid  and  the  left  subclavian  arteries,  while  the  other  [ia.«<e« 


nnmed  and  ghes  origin  te 


i  right 


inrutid  and  a  right  Nubclavia 


behind  the  si 
(Fig.  684). 

The  relative  dianicters  of  the  tuu  portiuns  of  the  aortic  arch  so  fomicd  may  vao'  cun- 
siderabl]'.  that  pjissing  hi  front  of  tht  trachca  (Ihe  tnic  left  arch)  behi^  sometimes  larger  and  at 
other  times  smaller  than  the  other  one.     In  the  tatter  čase  an  ul>literaiion  of  the  dlstal  portiun  of 

the  tett  arch  niay  occur.  and  the  left  1 '-'  --■'  '  ''    -^-'-    --  -^  -■         ■"  -•- 

appear  to  arise  close  ti        . 
to  the  left  behind  the  trachea. 

Oroup  II. — A  more  fretjuent  anumaly  is  the  coniplcte  [lersistencc  of  the  distal  |X)rtion  of 
the  rig^t  aortic  arcli  (Fig.  685)  a.s.socialed  with  the  disappearance  of  a  greater  or  less  purtion  of 


Fic.  686. 


Inthetatterci    .  _. 

carotid  and  left  subclavian  arteries  »ill   then 
front  a  common  tnink.  ihe  aortic  arch  pa.ssing 


its  proximd  pari,  {hv  rr 
descendin;;  ,irir1,i.  wli(  ur 
thin  conditiini,  deiHMuli" 


lili  lH'ing  the  apjmrenl  orijiin  of  the  ri^ht  MilK-laviaii  arteri  irivrii  the 
it  passt-i  to  the  nciit  behind  Ihe  trachea  anil  [csnphaKfiis.  \'nri:ili<ins  of 
iilMin  the  location  and  exlenl  of  the  disapiie.iring  portinn  of  ihe  right 

^ilions  of  tile  righl  vertebral  .ii«!  subcliivi.m  arteries.     Thus,  in  some 
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cascfi  the  vertebTHl  nia/  arise  as  in  the  Durnial  arrangenicnt  from  the  Nubclavian,  or  it  inay,  as  ii 
werc,  cKchanKe  pusitioiis  with  thc  subclaviaii,  arising  from  the  dcsccnding  aorta,  tvhtie  thc  sub- 
clavian  ariscs,  in  common  with  the  right  common  carotid.  frum  an  innominate  stem  ;  or  (he 
\'ertebral  Riay  arise  with  the  ri^ht  comnion  carotid  frum  the  innuniinate  stem,  the  subclavian 
alone  coming  (rom  the  descending  aorta  ( Fig.  686) . 

Group  III. — A  third  gruup  of  anomalies  depends  upon  the  compktc  persistence  of  thc 
right   aortic  arch,    associated   with  Ihe   disappearance  of   the 
Pm   687  distal  portion  of  the  left  one  (Fik.  687).     In  such  cases  the 

resuli  is  a  complete  reversal  01  ihe  aortic  arch  and  its 
branches,  unaccompanied.  however,  by  a  reversal  of  any  of 
the  other  organs  o(  the  bod)\  and  Ihus  differing  froin  a 
true  situs  tnversus  viscerum.  The  arth  is  directed  from  left 
10  righi,  and  gives  rise  to  an  innominate  stem,  frum  which 
the  left  common  carotid  and  left  subclavian  arteries  arise.  a 
right  common  carotid  and  a  right  subclavian.  the  descend- 
ing aorta  1ying  upon  the  right  side  of  the  vertebral  column. 
Variations  of  these  anomalies  eoncem  prind|M]ly  the  rcla- 
tions  o(  the  ducius  arteriosus  or  the  cord  vvhich  represents 
it.  It  may  unite  with  the  descending  aorta,  in  which  aue 
it  is  the  persistenl  right  sixth  branchial  vessel,  or  it  inay  be 
formed,  as  usual,  from  the  left  sixth  branchial  vessel,  com- 
municating  distallv  with  the  left  subclavian,  this  artery,  in 
cases  wh<ere  the  ductus  remains  patent,  appearing  to  arise  by 
iwo  roots,  one  from  the  innominate  stem  and  one  from  the 
pu1monary  aorta. 

Group  IV.— In  the  foiirth  group  there  is  a  complete 
persistetice  of  the  riglil  aortic  arch  associated  with  a  dis- 
appearaiice  of  Ihe  proximal  portion  of  the  left  arch  ( Ftg.  68S), 
the  resuiting  arrangement  oeing  the  reverse  of  th«t  >een 
in  cases  bdonging  to  the  second  group.  The  left  sub- 
clavian artery  appears  to  arise  from  the  descending  aorta, 
•iiu.«>.uui.<.tHiimimm.  which  Mes  upon  the  right  side  uf  the  vertebral  column,  stkI 

passes  to  the|left  behind  the  trachea  and  a-sophagus.  Varia- 
tions in  the  relatiuns  of  the  ducius  arteriosus,  similar  to  those  mentioned  as  occurring  in  the 
third  group,  may  be  iound. 

Group  V.— A  fifth  group  includes  those  ca.ses  in  which 
the  arch  itself  is  norma),  but  in  which  there  are  variations  in  the 
vessels  that  arise  from  it,  These  \arialions  may  be  eilher  a 
diminution  or  an  increase  of  the  normal  number  of  \essels  or 
an  abnormal  arrangenicnt  of  a  normal  number.  The  diminu- 
tion and  aliered  arrangement  of  the  vessels  depend  upon  a 
shifting  of  more  or  feuer  of  them.  so  that.  for  example,  the  left 
common  carotid  and  left  subclavian  arteries  may  arise  from  a 
common  left  innominate  stem,  ali  the  vessels  mav  arise  ftum 
a  comtnon  stem,  the  two  common  carotids  may  have  a  com- 
mon origin,  while  the  two  subciavians  arise  independently.  or, 
what  is  the  most  frequent  of  these  variations,  the  left  com- 
mon carotid  may  arise  from  the  innominate  stem  and  pass 
upward  and  to  the  left  obliquely  across  the  front  of  the 
trachea. 

An  increase  in  the  number  of  vessels  may  be  broughl 
about  by  the  independent  origin  from  the  arch  of  bolh  Ihe 
ri^ht  common  carotid  and  the  right  subclavian,  Ihe  innominate 
being  absent.  In  other  ca.ses,  vessels  which  normally  do  not 
come  inKi  relation  wiih  Ihe  arch  may  lake  origin  from  it.  this 
being  most  fre<iuently  Ihe  čase  wilh  the  vertebral  arteries  and 


flshi  1. 


i;  *i.  i.S-,'riBW 


Fig.  688. 


less  freciu 


with  the  intemal 


and.  fina11y.  ■ 


occasionalty  takes  origin  from  ihe  arch. 


Practical  Considerations. — The  Aortic  Arch  and  Thoracic  Aorta. — 
Surface  Relaihtm. — Thc  ascendinj;  aorti  begins  bcneath  the  stemum  jusl  to  the 
ri^ht  of  the  inner  en<l  of  the  third  left  costal  cartilage.  It  ascends  obliquely  and 
towards  the  iipper  bfinier  of  thc  second  rin;ht  costal  cartilage.  The  second  (trans- 
verse"!  part  passes  backward  and  to  ilu-  left.  crossinK  the  mid-line  about  an  inch 
from  thc  siiprastcrnal  notch,  thc  lower  fconravc')  borticr  corrcsponding'  in  level  with 
the  ridm' bctMicn  thc  maniibrliim  and  ihc  gladlnliis.  the  upper  fconvejc)  border  tO  the 
level  of  thc  third  thoracic  spinoiis  pr(x:ess,  to  the  middle  of  the  manubrium,  and  the 
middle  of  thf  first  cosial  cartilage.  This  border  is  alvuit  one  inch  below  the  supra- 
sternal  nntrh.      The  siirface  relalions  of  this  portion  vary  with  the  development  ol 
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the  thorax.  In  i>ersons  with  small  chests  the  upper  borcier  may  almost  reach  the 
le\'el  of  the  top  of  the  manubriuin,  while  in  those  with  large  chests  it  may  be  no 
higher  than  the  junction  of  the  tirst  and  second  pieces  of  the  sternuin  {anguius 
Ludavici).  The  transverse  portion  reaches  the  left  side  of  the  vertebral  colunin  at 
a  level  just  above  the  fourth  thoracic  spine.  The  third  (descending)  portion  and 
the  thoracic  aorta  lie  at  tirst  a  little  to  the  left  of  the  bociy  of  the  fourth  thoracic 
vertebra  and  gradually  incline  to  the  mid-Hne,  passing  through  the  diaphragm  at  the 
level  of  the  t\velfth  thoracic  vertebra. 

Aneurisms  of  the  aorta  are  more  frequent  than  are  those  of  any  pther  vessel,  on 
account  of  the  great  strains  to  which  the  aorta  is  subject.  They  may  most  con- 
veniently  be  considered  here  by  follouing  the  anatomical  subdivisions  of  the  vessel, 
premising,  however,  that  the  symptoms  thus  described  frequently  commingle  and 
overlap. 

A.  The  ascending  portion  is  more  subject  to  aneurism  than  are  the  remaining 
portions,  because  it  receives  the  tirst  and  most  vigorous  impulseof  the  heart's  stroke, 
and  because  it  is  within — enclosed  by — the  pericardium,  and  its  \valls  are  not  rein- 
forced  by  blending  \vith  the  fibrous  p>ericardial  layer,  as  is  the  čase  in  the  second 
and  third  portions.  Aneurism  most  frequently  involves  the  region  of  the  anterior 
sinus  of  Valsalva,  where  regurgitation  of  blood  chieflv  takes  plače  ;  or,  if  higher,  the 
anterior  wall  of  the  aorta  in  the  vicinity  of  the  normal  dilatation,  probablv  due  to  the 
impact  of  the  blood-current  leaving  the  heart.  The  symptoms  are  :  i.  Venous  con- 
gesihn,  causing  (a)  lividitv  of  the  face  from  pressure  on  the  descending  cava,  the 
left  innominate,  and  the  internal  jugular  veins  ;  (^)  dizziness  and  headachc  from  the 
same  cause  ;  (r)  sivelling  and  csderna  of  the  right  arm  from  pressure  on  the  sub- 
clavian  vein  ;  (df )  sweUing  and  cedema  ofthe  anterior  thoracic  7caII  from  pressure  on  the 
internal  mammary,  azygos,  or  hemiazygos  veins.  2.  Dvspmca  with  altered  breath 
sounds  over  the  right  chest,  from  pressure  on  the  root  of  the  right  hmg.  3.  Drs- 
phonia  or  aphonia,  with  croupy  or  stridulous  respiration,  from  pressure  on  the  right 
recurrent  laryngeal  nerve  ;  sometimes  from  venous  congestion  due  to  pressure  on 
the  internal  jugular  and  innominate  acting  through  the  superior  thvroid  and  inferior 
thyroid  veins  on  the  corresponding  laryngeal  veins.  4.  Sivelling  or  tumor,  often 
first  seen  at  or  about  the  sternal  end  of  the  third  right  intercostal  space.  5.  Dis- 
plcuement  of  the  heart,  occasionallv  occurring  when  the  aneurism  involves  especially 
the  concave  side  of  the  vessel  and  pushes  the  heart  do\vn\vard  and  to  the  left.  6. 
Ascites  and  ledenia  of  the  iegs  and  feet  from  compression  of  the  ascending  cava  when 
the  aneurism  occupies  the  same  situation.  7.  Pain  in  the  sternum,  the  ribs,  or  the 
spine  from  direct  pressure  ;  encircling  the  upper  part  of  the  chest  from  pressure  on 
the  intercostal  nerves  ;  running  down  the  side  of  the  thorax  and  the  inner  surface  of 
the  arm  from  pressure  on  tibres  distributed  by  the  intercosto-humeral  nerve. 

B.  Aneurism  of  the  transverse  portion  may  cause  :  i.  Dvspnvca  and  dysphonia 
or  aphonia  from  direct  pressure  on  the  trachea  or  bronchi,  or  from  involvement  of 
the  left  recurrent  laryngeal  nerve  in  its  course  around  the  arch.  2.  Dilatation  of 
tke  pupil  follovved  by  contraction  from,  first,  irritation  and  then  paralysis  of  the 
sympathetic.  3.  Inanition  from  pressure  on  the  thoracic  duct.  4.  Swelling,  begin- 
ning  in  the  mid-line,  then  extending  to  the  right  (only  four  left-sided  cases  out  of 
thirty-five  aneurisms,  Broune,  quoted  by  Osler),  and  sometimes  simulating  innomi- 
nate or  common  carotid  aneurism.  5.  I  enons  ccnigestion  of  the  head.  neck,  left  arm, 
etc,  often  more  marked  on  the  left  side  from  the  greater  exposure  to  pressure  of  the 
left  innominate  \'ein.  6.  \Veakness  or  absence  of  radial  or  temf)oral  pulse — esjx?- 
cijEiUv  on  the  left  sidi»— due  to  pressure  on  or  involvement  of  the  innominate,  left  sub- 
davian,  or  left  carotid  artery. 

C.  Aneurism  of  the  descending  portion  of  the  arch  and  of  the  thoracic  aorta 
may  cause  :  i.  Dvsphagia,  \vhich  is  common  and  apt  to  appear  earlier  on  account 
of  the  more  direct  rclation  with  the  oesophagus.  2.  Great  pain  in  the  spine,  some- 
times follo\ved  hy  paralvsis,  from  erosion  of  the  vertebrje  and  compression  of  the 
cord.  3.  Su'clli)ig  in  the  left  scapular  region  or  at  the  vertebral  ends  of  the  middle 
ribs  on  the  kft  side.  4.  Bronchiectasis,  \vith  cough  and  expectoration,  from  press- 
ure on  the  left  bronchus.  or  asthmatic  aftacks  from  involvement  of  the  left  pulmo- 
nary  plexus. 
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THE  CORONARV  ARTERIES. 

The  coronarv arterius,  which  su|>[>ly  the  lieart,  are  ttto  in  nuniber,  and  arise  (rum 
the  right  and  lefl  proininenccs  at  thc  base  of  the  aorta  which  mark  the  correspondinj; 
sinuses  of  Valsalva. 

The  left  coronary  artery  (a.  coronaria  sinistra)  hc-s  at  its  origin  (Fig.  679) 
behind  the  base  of  the  j>nhHonary  aorta,  and  passes  !orward  between  tliat  \'et>sel  and 
the  left  auricular  appendix  to  reach  the  anterior  intcr\entricular  groovc,  in  which  it 
divides  into  twi>  branches.  The  larger  of  these  (ramus  desccndcns  anterior)  dcsccnds 
in  the  groove  to  thc  ;ipex  of  the  lieart.  giving  off  branches  which  supply  the  anterior 
surfaceof  both  ventricles,  while  the  smallcr  ono  (ramus  clrcumfleius)  passes  backvard 
in  the  left  pnrtion  of  the  auriculo-ventricular  groove  and  gives  off  branches  to  the 
left  auricie  and  ventricle.  Branches  to  the  left  aiiricle  aiso  arise  from  the  main  stem 
of  the  artery,  as  wcll  as  twigs  to  the  walls  of  thc  aortče. 

Fig.  6Sg. 


RiEbl  coroDary  veln 
TriTiivrnc  bninch  tt  richt 

Postcnor  dc«cmding  tkrmncb 
ol  right  co™B»ry  •rtrrr 


~  Middlc  cirdlac  vcln 


The  right  coronary  artery  (a.  coronaria  destra)  passes  outward  from  its  ongin 
in  the  right  portioii  of  ihc  auriculo-ventricular  groove,  in  which  it  lies.  until  it  reach« 
the  postcrior  inler\fnlricular  groove,  down  which  it  ( ramus  descendens  postoiorj  is 
fontinued  towards  ihe  :i]x:.\  of  the  hcart  ( P"ig.  68g).  In  its  course  it  gives  off  nuni- 
erous  br.inchcs,  whiih  aro  distributoti  to  the  right  auricie  and  ventricle  and  to  the 
portion  of  the  k-ft  ventricle  which  adjoins  llie  posterior  interventricular  groove. 
l'siially  a  large  br.incli,  tlic  niarginal  arfrrv.  ckscends  along  the  right  border  ol  ibe 
hcart  ( Fig.  679 )  and  gives  branchis  ti)  l>o'th  surfaces  of  the  right  ventricle. 

The  i)vculiarities  nf  tlie  ultimate  distribution  of  these  arteries  have  been  described 
in  conncriion  wich  the  hcart  (i>age  703V 

Variations.  — Tlu-  («..  f..nni;iry  itricrit-s  m;iy  :iri-<r  bv  a  conunon  stem  ;  one  of  them  inaf 
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THE  INNOMINATE  ARTERV. 

The  innominate  artery  (a.  anon}ina)  (Figs.  679,  690 ),  also  known  as  the 
brachio-cephalic,  is  the  first  as  \vell  as  the  largest  of  the  three  vessels  \vhich  arise 
from  the  arch  of  the  aorta.  It  passes  ciirectly  upuard  to  the  levcl  of  the  right 
stemo-clavicular  articulation,  \vhere  it  divides  into  the  right  cominon  carotid  and 
the  right  subclavian,  but  gives  rise  to  no  other  branches. 

Relations. — A?itenoriy  it  is  separated  from  the  sternum  and  from  the  origins  of 
the  right  sterno-hyoid  and  sterno-thyroid  muscles  by  the  left  innominate  vein  and 
by  some  fatty  tissue  \vhich  contains  the  remains  of  the  thymus  gland.  Postcriorly 
it  is  in  relation  \vith  the  trachea  and  the  sympathctic  cardiac  nerves  ;  on  the  right 
it  is  in  contact  with  the  right  pleura  and  on  the  Icft  of  it  is  the  left  common 
carotid  artery. 

Variations. — The  variations  of  the  innoniinate  artery  have  already  l)een  discussed  in 
connection  with  the  variations  of  the  aortic  arch,  since  the  vessel  rtfpresenls  the  proximal 
portion  of  the  right  arch.  It  shows  considerable  variation  in  length,  nieasurin^  betueen  2.8 
and  4.5  cm.,  although  occasionalIy  reaching  a  leng:th  of  5  or  eveii  7  cm.  Occasionally  it  is 
absent,  the  right  common  carotid  and  the  right  subclavian  arteries  arising  directly  from  the 
aortic  arch. 

Although  the  innominate  artery  does  not,  as  a  rule,  give  origin  to  any  branches  except 
the  two  terminal  ones,  yet  in  about  10  per  cent.  of  cases  there  arises  from  it  a  vessel  which  is 
termed  the  arteria  thyroidea  ima.  This  takes  its  origin  usually  from  near  the  bnse  of  the 
innominate,  upon  its  medial  surface,  and  passes  directlv  upward  upon  the  anterior  surface  of  the 
trachea  to  terminate  in  branches  which  are  distributeu  to  the  isthmus  and  the  lower  portions  of 
the  lobes  of  the  thyroid  body.  The  presence  of  this  thyroidea  ima  is  fre(iuenlly  associated  with 
a  more  or  less  extensive  reduction  of  the  size  of  one  or  other  of  the  inferior  thyroid  arteries,  and, 
indeed,  these  arteries  may  be  entirely  supplanted  by  it.  It  is  someurhat  variable  in  its  ori^n, 
for,  instead  of  arising  from  the  innominate,  it  may  f)e  given  oflF  by  the  aortic  arch,  by  the  nght 
common  carotid,  by  either  the  right  or  left  subclavian,  or,  in  rare  oises,  by  one  of  the  branches 
of  the  subclavians. 

Practical  Considerations. — The  line  of  the  innominate  artery  is  from  the 
middie  of  the  manubrium  to  the  right  sterno-clavicular  joint.  Its  point  of  bifurca- 
tion  would  be  crossed  by  a  line  drawn  backward,  just  alx)ve  the  clavicle,  through 
the  interval  bet\veen  the  sternal  and  clavicular  portions  of  the  sterno-mastoid  miiscle. 

Aneuristn  of  the  innominate  artery,  often  associated  \vith  aneurism  of  the  aortic 
arch,  causes  pressure-symptoms  easily  e-\plained  by  the  chief  relations  of  the  vessel. 
They  may  be  summarized  as  follows  :  i.  Vascular,  (a)  arterial,  weakness  or  irregu- 
laritjr  of  the  right  radical  pulse  or  of  the  right  carotid  or  temporal  pulse  from  inter- 
rupdon  of  the  direct  blood-airrent ;  (^)  vnious,  duskiness  of  the  face  and  neck, 
especial]y  of  the  right  side,  oedema  of  the  eyelids,  protrusion  of  the  eyeballs,  lividity 
of  the  lips,  from  pressure  on  the  left  innominate,  deep  jugular,  and  transverse 
veins  lying  between  the  vessel  and  the  thoracic  wall  ;  ceaema  of  the  right  arm  from 
subclavian  pressure.  2.  Ner-coiis,  cough  and  hoarscness  or  aphonia  from  involve- 
ment  of  the  right  recnrrent  laryngeal  :  dilatation  or  contraction  of  the  pupil  from 
pressure  on  the  svmpathetic  ;  hiccough  from  irritation  of  the  phrenic  ;  pain,  particu- 
larly  severe  on  the  right  side  of  the  neck  and  head,  the  same  side  of  tlie  chest,  and 
down  the  right  arm  froni  pressure  on  the  branches  of  the  cervical  and  brachial 
p!exuses.  In  addition,  dvspnoca  and  dvsphagia  from  compression  of  the  trachea 
and  cesophagus,  and  the  a|>pearance  of  a  s\velling  at  and  above  the  right  sterno-  . 
clavicular  articulation,  often  ()l)literating  the  suprastemal  depression,  are  character- 
istic  symptoms. 

In  endeavoring  to  diffcTentiate  these  aneurisms  from  those  of  the  arch  of  the 
aorta  it  mav  be  \vcll  to  rcnu-mlK-r  that  the  position  of  the  innominate  is  above,  to 
the  right,  and,  in  a  way.  cc-rvico-thoracic,  \vhile  that  of  the  arch  is  on  a  lower  level, 
is  median  or  to  the  Kft,  and  is  \vholly  thoracic. 

Ligation.  -T\vo  skin  inrisions,  each  three  inches  in  longth,  are  made  along  the 
anterior  qA\:^k:  of  thr  sterno-mastoid  muscle  and  the  upper  l^onierof  the  inner  third 
of  the  clavicle,  uniting  at  an  acute  angle  near  the  right-sterno-clavicular  articulation. 
The  sternal  portion  and  the  greater  part  of  the  clavicular  portion  of  the  sterno-mas- 
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toid  muscle  are  dividcd  just  above  their  origin.  The  anterior  jugular  vein  runs 
lK»hind  the  stcrnal  head,  and  is  to  be  avoided  or  tied.  The  thyroid  plexus  of  veins 
may  appear  in  the  uound,  and  should  be  tied  or  drawn  out  of  the  way.  The 
sterno-hyoid  and  sterno-thyroid  muscles  are  divided  close  to  the  sternum.  The  deep 
cervical  fascia  is  divided  in  the  hne  of  the  superticial  wound.  The  common  carotid 
artery  should  be  found,  its  sheath  opened,  and  the  vessel  traced  down  to  the  innomi- 
nate  bifurcation.  The  internal  jugular  vein  may  be  much  engorged  and  should  be 
dra\vn  outward.  The  innominate  vein  may  protrude  into  the  wound.  Osteoplastic 
resection  of  the  manubrium  ( Hardenheuer;,  or  a  median  longitudinal  division  of  that 
bone  (\Voolsey)  with  retraction  of  the  edges,  \vill  facililale  the  exposure  of  the 
vessel.  The  most  important  relations  are  to  the  outer  side, — viz. ,  the  vagus.  the 
pleura,  and  the  right  innominate  vein.  The  left  common  carotid  and  trachea  lie  to 
the  inner  side.  The  needlc  should  \)c  passed  from  \vithout  inward.  The  lij^ture 
should  be  placed  as  high  as  possible,  to  Icave  room  bet\veen  it  and  the  aorta  for  the 
formation  of  a  satisfactorv  clot.  It  is  w(ll  to  ligate  the  common  carotid  and  the 
vertebral  at  the  same  tirne,  to  lessen  the  risk  of  secondary  hcmorrhage  on  the  distal 
side  of  the  liga  ture. 

TAe  collateral  circulation  is  carried  on  from  the  proximal  or  cardiac  side  of  the 
ligature  by  (a)  the  first  ac^rtic  intercostal  \  {b)  the  upper  aortic  intercostals  ;  (r)  the 
inferior  phrenic  branch  of  the  abdominal  aorta  (\vithin  the  diaphragm);  (d)  the 
deep  epigastric  (\vithin  the  rectus  sheath ) ;  {c)  the  vertebrals  and  interna!  carotids 
of  the  left  side  (within  the  cranium — circle  of  \Villis);  and  {J  )  the  branches  of  the 
left  external  carotid  ;  anastomosing  respectivdv  \vith  id)  the  superior  intercostal  of 
the  subclavian  ;  {b)  tlu*  intercostals  of  the  internal  mammar^'  and  the  thoracic 
branches  of  the  axillary  ;  ( r)  the  musciilo-phrenic  branch  of  the  internal  man\niar>' ; 
{d)  the  superior  epigastric  branch  of  the  internal  mammarv  :  {e'^  the  vesseb  in  the 
right  half  of  the  circle  of  \Villis  ;  and  (  /' )  the  branches  of  the  right  extemal  carotid, 
ali  receiving  their  blood-supply  from  beyond — or  to  the  distal  side  of — the  ligature. 

THE   COMMON   CAROTID    ARTERIES. 

The  right  common  carotid  arterv  arises  from  the  innominate  and  the  left  one  from 
the  arch  of  the  ac^rta  (  hig.  690).  Both  pass  directly  upward  in  the  neck.  along  the 
side  of  the  trachea  and  larynx,  and  terminate  opposite  the  upper  border  of  the  thyroid 
cartilage  by  dividing  into  the  external  and  intecjial  carotid  arteries,  their  course  being 
represented  by  a  line  dra\vn  from  a  point  mid\vay  between  the  angle  of  the  jaw  and 
the  mastoid  process  to  the  sterno-claviciilar  articulation.  Throughout  its  course 
neither  of  the  common  carotids  gives  oflf  anv  branches,  and  they  consequently  have 
an  almost  imiform  calibre,  except  touards  their  point  of  division,  where  they  present 
VAiV*'  ^^  dilatation  frequently  continued  into  the  internal  carotid  and  usually  becoming  more 
'^     \      marked  \vith  advancing  age. 

^       Relations. — The  left  coinnion  carotid   lii-s  in  the  thoracic  cavity  during  the 

^first  part  of  its  course,  and  in  this  rcspect  diflers  from  the  right  artei^*,  whose  origin 

A>^    from  the  brachio-cephalic  is  at   the  Icvel  of  the  sterno-clavicular  articulation.      This 

\J^^      thoracic  portion  of  the  left  common  carotid   is   usually  about  3  cm.  (i^^  in.)  in 

^       l.length.    and   is  crossed    obliquely    in  front,   near    its  root,  by    the  left    innominate 

j^^^     (brachio-cephalic)  vein  and  by  the  cardiac  branches  of  the  pneumogastric  ner\*e.     It 

i-*wVJW-  is  separated  from  the  sternum  and  the  origin  of  the  sterno-thyroid  muscle  by  some 

i^^Cf  ^j^itty  tissue  \vhich  contains  the  remains  of  the  thymus  gland,  and  posteriorly  it  is  in 

1^  ^^j^relation  \vilh  the  trachea  belo\v  and  higher  up  \vith  the  left  recurrent  lar>'ngeal  ner\*e. 

|l[2|u|       Helo\v,  to  its  right  side  and  a  short  distance  a\vay,  is  the  innominate  airter)* ;  above 

^*  ■       it  is  in  close  relation  \vith  the  trachea,  \vhile  to  its  left  and  somevvhat  f)osteriorly  are 

L'*  1 1 H       jj^^.  i^^.f^  sul>clavian  arterv  and  tlu*  left  pneumogastric  nerve. 

L    \\  Throughout  their  cervical  portions  the  relations  of  both   arteries  are  iden- 

^^  l^' ]tic.il.      I*-arh   is  enclosrd  within  a   hhrous  sheath  formed  by  the  deep  cervical  fascia 
'     M  pau«'   550),  thf  shrath  also  iontaining  thr  internal  jugular  vein  and  the  pneumo- 
gastric nrrve,  the  vrin  Iving  lateral   to  the  arterv  and   the   nerve  between   the  two 
v(ss<'l^.  but  in  a  plane  slightlv  post«'rior  to  them.      Extending  downward  for  a  vari- 
able  distance  upon  the  anterior  siirface  (»f  the  sheath  is  the  descending  h\'poglossal 


K 


\l 


THE   COMMON   CAROTID   ARTERIES. 


73' 


nerve,  and  overlapping  il  to  a  cortaiii  eKttnt  is  the  sterno-cleido-masloid  niubcle 
and,  below,  the  sterno-liyoid  and  sterno-thyroid.  At  about  tlie  lovci  of  the  cricoid 
cartilage  of  the  larynx  the  arter)'  is  crossed  obliquely  by  tlie  onio-hyoid  muscle,  and 
higher  up  by  the  iniddle  and  superior  tliyroid,  the  Hngual  and  sometimcs  the  facial 
veins,  and  the  sterno-mastoid  branch  of  the  siiperior  thvroid  artery, 

Posteriorly  the  sheath  rests  iipon  the  prevertebral  fascia  covering  the  longus  colli 
and  the  rectus  capitis  anticus  major  muscies,  and  is  in  relation  with  the  ganKlionateii 
cord  of  the  svmpathotic  nen^ous  svstem  and  its  superiiir  and  middio  cardiac 
branches.      I,ower  down,  opposite  the  sixth  cervical  vertcbra,  the  branches  of  the 


inferior  thyroid  arterv  pass  U-hind  il.  Mediallv  are  the  trachea  and  tho  irsophagus, 
together  with  the  ri.i-iirri.-nt  larvngual  ncrve,  the  lobe  of  the  thyroid  gland,  and, 
above,  the  tarvn.v  and  the  pharynx. 


Practical  Considerations. — Anrurism  of  the  conimnn  carotid  arterv  is  not 
very  frequcnt.  It  innsl  cumnionlv  occiirs  near  the  bifiircation  (a)  because  of  the 
slif^ht  dilatation  nnmiiillv  existing  thtrre  :   (^)  lx-caiise  tliere  ihe  ve*iel  is  more  super- 
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ficial, — i. C,  least  siipported  by  ovcrlying  muscle  ;  aiui  (r)  l>ecause  of  the  incrcased 
resistance  to  the  blood-current  at  that  point.  It  is  seen  oftcncr  in  the  right  carotid 
than  in  the  left.  Prcssure'Symptoms :  pain  in  the  side  of  the  neck,  face,  and  hcad 
in  the  distribution  of  the  superhcial  cervical  plexus  of  nerves  ;  duskincss  or  moitling 
of  the  skin  froni  prcssure  on  the  sympathetic  ;  dyspnaa  and  cough  from  lateral 
deflection  of  the  larynx  and  trachea  ;  dejcdive  vision,  vcrtigo,  or  stupor  from  press- 
ure  on  the  internal  jugular  ;  hoarsaicss  or  aphonia  from  impHcation  of  the  recurrent 
larynj^eal  ncrve  ;  dysphagia  from  direct  pressure  on  the  ctsophagiis,  or — possiblv, 
together  with  irrcgular  hcart  adion,  vomiting,  or  asthmatic  respiration — from  press- 
ure on  the  pneumogastric. 

Digital  cofftprcssion  niay  be  used  in  a  čase  of  sUib  \vound  or  in  the  treatment 
of  aneurism  (a)  by  niaking  pressure  backward  and  outward  beneath  the  anterior 
edge  of  the  sterno-mastoid  muscle  at  the  levcl  of  the  cricoid  cartilage.  so  as  to  flattcn 
out  the  artery  against  the  transverse  process  of  the  sixth  cervical  vertebra  ( carotid 
tubercle)  about  t\vo  and  a  half  inches  above  the  chivicle.  As  the  vertebral  artcry  at 
this  level  enters  its  canal  in  the  foramina  of  the  transverse  processes,  it*will  probab]y 
escape  pressure.  The  internal  jugular  vein  is  usually  displaced  laterally.  The 
common  carotid  artery  may  also  be  effectually  compressed  in  cases  of  wound  ( b)  by 
grasping  the  anterior  edge  of  the  sterno-mastoid  and  the  arter)'  together  belween 
the  thumb  and  fingers,  or  (r)  by  placing  the  thumb  beneath  the  arter>'  and  the 
anterior  edge  of  the  muscle,  and  the  fingers  along  its  posterior  edge.  In  ali  three  of 
these  methods  it  is  necessary  to  f1ex  the  head  and  turn  it  a  little  towards  the  affected 
side  so  as  fully  to  relax  the  sterno-mastoid. 

Ligation, — It  may  be  necessary  to  tie  the  common  carotid  in  cases  of  {a)  aneu- 
rism, including  certain  pulsating  tumors  of  the  orbit  or  scalp  or  within  the  cranium  ; 
(^)  hemorrhage  from  wound  of  the  neck,  or  from  phar)'ngeal  wound  or  ulceration  ; 
or  (r)  for  the  prevention  of  bleeding  during  some  operations.  Whenever  ligation 
of  the  external  carotid  satisfactorily  meets  the  indications,  it  is  better  to  tie  that 
vessel  (^q.v.),  as  the  cerebral  circulation  is  not  thereby  interfered  with. 

The  lower  portions  of  the  common  carotids  on  lx)th  sides  of  the  neck  are  deeply 
seated  ;  they  are  covcred  by  three  planeš  of  muscles  ( the  sterno-mastoid,  stemo- 
hyoid,  and  sterno-thyroid)  ;  the  inferior  thyroid  artery  and  recurrent  laryngeal  ner\'e 
run  behind  them  on  each  side,  and  on  the  left  side  the  internal  jugular  vein  usually 
passes  from  uithout  inward  in  front  of  the  artery,  which  is  also  in  dose  relation  to 
the  thoracic  duct,  the  innominate  artcry,  and  the  left  innominate  vein. 

Two  operations  for  ligation  of  the  common  carotid  may  l>e  described  :  i.  The 
plače  of  election  for  the  application  of  a  ligature  is  just  ab<rce  the  omO'hyoid  muscie, 
where  the  artery  has  become  more  superficial  and  is  covered  only  by  the  skin.  the 
platysma,  the  fascia;,  and  the  anterior  edge  of  the  sterno-mastoid.  The  skin  incision 
— three  inches  in  length — is  made  in  the  line  of  the  vessel,  the  centre  being  placed 
opposite  the  anterior  arch  of  the  cricoid  cartilage.  It  divides  also  the  platysma. 
The  deep  fascia  is  divided,  and  the  anterior  ičd\!^Q  of  the  sterno-mastoid  is  expK)sed 
and  folloNved  down\vard  to  the  angle  bet\veen  it  and  the  upper  edge  of  the  omo- 
hyoid  muscle.  The  former  muscle  is  then  drawn  outward,  the  latter  downward.  the 
descendens  hypoglossi  ner\'e  avoided,  the  sterno-mastoid  branch  of  the  sui>erior 
thyroid  artery  and  the  superior — and  sometimes  the  middie — thyroid  vein  held  aside 
or  tied.  and  the  sheath  ()i)ened  over  the  carotid  compartment, — i.e,,  well  to  the 
inner  side, — so  as  to  avoid  injurv  to  the  larger  internal  jugular  vein,  which  some- 
times — as  in  cases  of  emharrassed  respiration — bulges  over  the  arter\'  so  as  com- 
pletelv  to  ol)scure  it.  The  needle  should  be  passed  from  without  inward  to  avoid 
injury  t<»  the  vein,  čare,  of  course,  l)eing  taken  not  to  include  the  vagus. 

2.  Ihlctv  the  omO'hyoid  musclv  the  skin  incision — three  inches  in  length— stili 
foll()\vs  the  anterior  l)<»rdrr  of  the  sterno-mastoid,  beginning  no\v  a  little  l)elow  ihc 
lo\vtr  lM)rd(»r  of  the  cricoid  cartilage  and  ending  just  alx)ve  the  sterno-clavicular 
articiilation.  A  serond  incision  along  the  u|)i)er  lM)rder  of  the  clavicle  is  often  advis- 
ablc.  The  sterno-mastoid  is  draun  outvvard  and  the  outer  edge  of  the  sterno-hvoid 
nms(  U*  e.\posed,  aiul  that  muscle,  \vith  the  sterno-thvroid,  dra\vn  downward  and 
iinvard.  Frecjiuntlv  the  sternal  portion  of  the  sterno-mastoid,  and  occasionallv  the 
sterno-hvoid  and  sterno-thvroid  muscles  also,  \vill  recjuire  division  if  the  ligature  ha$ 
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to  be  placed  as  near  the  root  of  the  neck  as  possible.  The  intemal  jugular  vein  — 
especiallv  on  the  left  side  —  the  inferior  thyroid  artery,  and  the  recurrent  hiryngeal 
nerve  niiist  be  avoided.     The  needle  is  passed  from  without  inward. 

The  collatcral  circidation  is  carried  on  from  the  proxiinal  or  cardiac  side  through 
{d)  the  branches  of  the  external  carotid  on  the  opposite  side,  (^;  the  inferior  thy- 
roid,  (r)  the  profunda  cervicis  (from  the  superior  intercostal  and  thus  from  the  sub- 
clavian),  (df )  the  intemal  carotid  and  the  vessels  of  the  opposite  segment  of  the 
circle  of  Willis,  and  (> )  the  vertebral,  by  anastomosing  respectively  with  (a )  the 
external  carotid  branclies,  (^)  the  superior  thyroid,  (r)  the  princeps  cervicis  (from 
the  occipital),  and  {d  )  and  (^)  the  vessels  of  the  circle  of  \Villis  on  the  affected  side. 

THE  EXTERNAL  CAROTID  ARTERV. 

The  external  carotid  artery  (a  carotis  externa)  (Figs.  692,  693)  arises  from  the 
common  carotid  at  about  the  level  of  the  upper  border  of  the  thyroid  cartilage — a 
level  which  corresp>onds  to  the  body  of  the  fourth  cervical  vertebra.  Thence  it  is 
directed  upward  and  slightly  backward  towards  the  angle  of  the  jaw,  where  it  enters 
the  substance  of  the  parotid  gland  and  continues  upward  in  that  structure  to  just 
below  the  root  of  the  zygoma.  Here  it  gives  rise  to  a  large  branch,  the  internal 
maxillary,  and  is  then  continued  upward  over  the  root  of  the  zvgoma  upon  the  side 
of  the  skull,  this  terminal  p>ortion  of  it  being  termed  the  superjicial  temporal  arten\ 

Relations. —  In  the  first  portion  of  its  course  the  extemal  carotid  lies  in  the 
superior  carotid  triangle  (page  548),  and  is  there  crossed  by  the  hypoglossal  nerve 
and  the  facial  vein.  Higher  up  it  passes  beneath  the  posterior  belly  of  the  digastric 
and  the  stylo-hyoid  muscles  and  also  beneath  the  temporo-maxillary  vein,  and  enters 
the  substance  of  the  parotid  gland.  Posteriorly  it  is  separated  from  the  intemal 
carotid  artery  by  the  stvlo-glossus  and  stylo-pharyngeus  muscles  and  the  glosso- 
pharyngeal  nerve  ;  the  internal  carotid  artery  lies  laterally  to  it  at  its  origin  ; 
mtemally  it  is  in  relation  \vith  the  inferior  and  middle  constrictors  of  the  pharynx 
and  the  superior  laryngeal  nerve. 

Branches. — From  the  anterior  surface  of  the  external  carotid  arise,  from 
below  upward,  (i)  the  superior  thvroid,  (2)  the  linj^uaL  (3)  iha  /a  cia/,  and  (4)  ^ 
the  internal  maxillary  arteries.  Krom  its  posterior  surface,  in  the  same  order  of 
succession,  arise  (5)  the  ascending  pharyngeal^  (6;  the  stento-masioid^^  (t)  the 
occipital^  (8)  the  posterior  aurieuiar  arteries.  •  Finali y,  (9)  the  superjicial  temporal 
*Uri€ry  is  to  be  rcgarded  as  a  branch  which  is  the  continuation  upward  of  the 
main  stem.  . 

Variations. — Occasionallv  the  external  carotid  artery  is  absent,  its  branches  arising  from 
the  common  carotid,  \vhich  is  continued  directly.  into  the  intemal  carotid.  The  number  of  its 
branches  may  be  reduced  bv  cert^iin  of  them,  the  lingual  and  facial,  for  instance,  arising  by  a 
common  stem,  or  thev  niay  be  increased  by  the  occurrence  of  various  accessor>'  branches  pass- 
ing  to  regions  supplied  by  the  regiilar  ones. 

Practical  Considerations. — The  external  carotid  is  rarely  the  subject  of 
aneurism,  except  as  a  result  of  trauma.  The  tumor  is  situated  below  the  angle  of 
the  jaw.  Pressure  on  the  hvpoglossid  and  glosso-pharyngeal  nerves  and  on  the 
intemal  jugular  vein  causes  various  symptonis  which  are  not  usuallv  detinitelv  diag- 
nostic.  In  one  čase  there  \vas  unilateral  atrophy  of  the  tongue  (Heath)  probably 
from  involvement  of  the  hvpc^glossal.  If  the  aneurism  is  situated  near  the  origin  of 
the  vessel,  it  mav  be  indistinguishable  from  aneurism  of  the  common  carotid  at  its 
usual  location.  just  helou-  the  Infurcation.  The  vessel  is  not  infrequently  tied  for 
wound  of  the  neck.  for  aneurism  of  one  of  its  branches,  and  occasionallv  as  a  pre- 
]iminary  to  certain  o|)enitions,  as  excision  of  the  superior  maxilla  or  removal  of  a 
malignant  t<Misillar  or  parotid  tumor.  In  cases  of  stah  or  rut-throat  \vound  it  is 
better,  when  po^sibK-,  to  tind  and  tie  lH>th  ends  of  the  bleeding  vessel,  as  the  free 
anastomosis  hetueen  ihe  branches  of  the  t\vo  external  carotids  renders  a  recurrence 
of  hemorrhagc  |)rohahle  after  lig;ition  of  the  main  trunk. 

IJgatiou. —  That  part  of  the  line  f«)r  the  common  carotid  extending  from  the 
le\'el  of  the  angle  of  tlu-  lo\ver  ja\v  to  that  of  the  middle  o\  the  thvroid  cartilage  is  the 
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line  for  the  skin  incision.  The  artery  is  usuallv  tied  below  the  digastric  musck- — 
/.<'.,  in  the  siiperior  carotid  triangle  ( page  548; — and  betueen  the  origins  of  the  supe- 
rior  ihvroid  and  the  lingual  arteries — lxfcause  that  is  the  longest  interval  withc>ut 
branches.  After  the  skin,  superficiid  f<iscia,  platvsma,  and  deep  fascia  have  l)een 
divided,  the  anterior  edge  of  the  sterno-niastoid  cleared  and  drawn  outw.ard  at  the 
lower  portion  of  the  uound.  and  the  facial,  lingual,  or  superior  thyroid  veins — if  thev 
present — drawn  Jiside  or  tied  and  cut.  the  posterior  belly  of  the  digastric  muscle 
above  should  be  identihed.  J  ust  beneath  it  the  hvpoglossal  nerve  crosses  the  arter\*, 
and  a  little  lower — aboiit  the  middle  of  the  incision — the  tip  of  the  greater  cornu  of 
the  hyoid  bone  may  be  felt.  A  t  this  level — ^ab^^ve  the  origin  of  the  suj>erior  thvroid 
and  belo\v  that  of  the  lingual — the  arter\'  lies  just  to  the  inner  side  of  the  intemal 
carotid  (but  someuhat  superhcial  to  it>  and  of  the  intemal  jugular  vein,  and  has  the 
su|)erior  lar\*ngeal  nene  in  close  relation  behind  it. 

The  internal  airotid  has  been  tied  at  this  level  by  mistake  for  the  external 
carotid.  To  avoid  this  it  should  be  remembered  that  the  external  carotid  (<f)  is 
more  anterior  ;  <  ^ )  is  more  superhcial  :  let  is  usually  smaller,  especially  in  the 
young  :  i  (/  )  gives  oflf  branches  :  ( ^ )  is  close  to  the  tip  of  the  hyoid  bone  ;  (/" )  is  in 
contact  with  the  hypoglossal  nene  :  and  r  g »  that  compression  of  the  isoLated  vessci 
arrests  the  temporal  and  facial  pulses.  The  needle  is  passed  from  without  inward  to 
avoid  the  internal  jugular. 

The  ligature  hius  been  applied  just  below  the  parotid  gland — 1.^.,  adofe  the 
digastric  muscle.  The  incision  ( on  the  same  line )  should  extend  from  the  lobe  of 
the  eiir  to  the  hvoid  bone,  the  sterno-mastoid  should  be  drawn  outward,  the  poste- 
rior bellv  of  the  digastric  and  the  stvlo-hvoid  muscle  downward.  and  the  parotid 
upward  and  in\vard. 

The  collateral  circiilation  is  <arri<'d  on  from  the  cardiac  side  through  i  a)  the 
branches  of  the  oppo^ite  ext<rn.'il  (arf»ticl  ;  (b)  the  inferior  thyroid  on  the  affected 
side  :  (r)  the  branches  (>f  th<*  ophthalmic  of  the  same  side  :  and  Kd)  the  profunda 
cervicis,  anastom<»ing  n-spectivelv  \vith  \a)  the  branches  of  the  ligated  external 
carotid  \  (b)  the  superior  thvroid  ;  i  c )  the  facial  (from  the  same  vessel — the  externa] 
carotid)  ;  and  (,d )  the  princ^-ps  cervicis. 

I.  The  Superior  Thyroid  Artery. — The  superior  thyroid  artery  (a.  thv- 
roidea  sujK^rior)  ^Fig.  ^>92 )  arises  from  the  anterior  surface  of  the  external  carotid,  a 
short  distance  alx>ve  its  origin,  and  is  at  first  directed  almost  horizontally  anteriorlv, 
but  soon  turns  do\vn\vard  and,  passing  over  the  superior  lar>'ngeal  ner\'eand  beneath 
the  omo-hvoid  and  thyro-hyoici  muscles,  breaks  up  into  a  number  of  branches  which 
enter  the  sul>stance  of  the  thyroid  gland.  It  possesses  al\vays  a  calibre  of  consider- 
able  size,  but  varies  directly  according  to  the  size  of  the  gland,  and  inverselv 
according  to  the  amount  of  blood  reaching  the  gland  from  other  sources.  It  anas- 
tomoses  abundantlv  with  its  fellow  of  the  opposite  side  and  with  the  inferior  thvroid 
bninch  of  the  subclavian. 

Branches. — Kroni  its  horizontal  portion  are  given  oflF — 

\a\  An  infrahyoid  branch  ( ramuA  hyoideu!i),  which  passes  along  the  lower  border  of  the 
hvoid  lx)ne.  siipplvinj;  the  muscles  inserting  iiito  that  bone. 

(^)  A  stemo-mastoid  branch  (ramuH  Atemocleidomastoideus),  always  small  and  occasionallv 
\vanting,  which  pa.sses  (lownward  and  backward  across  the  sheath  enclosing  the  common 
carotid  to  ent«.-r  the  siilislance  of  the  sterno-cleido-mastoid  muscle. 

\c)  A  superior  laryngeal  branch  (a  larvn^ea  Hui>erior).  whic)i  passes  for\i'ardand  downward 
U*neath  the  thyro-hyoid  nuisck*  and,  piercinjj  the  thyro-hyoid  membrane  along  with  the  superior 
larynj;eal  nrrvr.  is  distriluitcd  to  the  intrinsic  nnisrles  and  mncous  membrane  of  the  lar>Tix. 

I^roni  ils  descending  portion  it  j^ives  ofT — 

Ul  I  'I*hf  crico-thyroid  branch  (rainus  cricothvroideiis ).  usuallv  of  small  size,  which  ]iasses 
hori/ontallv  foruard  over  the  crico-thvroid  nnnibrane  and  anastomoses  with  its  fellow  of  the 
i>pi>«)sitt*  sid«'.  ;:ivinj^  ofT  branches  vvhich  i>erforate  the  membrane  and  are  distributed  to  ihc 
1^^^ muscles  and  inucous  membrane  of  tlu-  louer  pari  of  the  larynx. 

^K        Variations.  -The  su|>enor  thvroid  niav  j;ive  orij^in  to  both  the  ascending  phar>*ngeal  and 
Vie  a.scendii)g  palatine.     The  rrico-thvroid   nni  infre(juently  arises  from  the  superior  ]ar}'ngea1. 

to  Im-  ih«*  rnain  stein  of  that  arterv.  and  the  su|)erior  lar>'ngeal  may  arise  directlv 
1  carotid. 
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Practical  Considerations. — The  superior  th>Toid  artery  or  one  of  its  bmiiches 
is  frequently  divided  in  cut-throat  wounds.  The  sterno-mastoid  branch  may  have 
to  be  tied  in  the  operation  of  ligation  of  the  common  carolid  at  the  plače  of  election 
and  the  crico-thyroid  brancli  durin^r  the  performance  of  laryngoloiny. 

Ligaiitm. — The  skin  incision,  two  inches  in  length,  with  ils  centre  ojjposite  the 
thyro-hyoid  space,  is  made  along  the  carotid  line.  After  the  superior  thyroid  veins 
have  been  dealt  with  and  the  external  carotid  has  been  recoKnized.  the  vessel  may 
most  easily  be  found  in  the  sulcus  betneen  the  upper  border  ol  the  thyroid  cartilajje 


and  the  ureat  vesscls,  where  for  a  short  distance  it  is  Biiperficial  and  runs  ahnost 
horizontalK-. 

The  needlo  shonld  be  passed  froin  ubovc  downw-ard  with  thv  poinl  directed  somc- 
what  Iott'ards  thi-  niici-linr.  The  close  proximitv  |K>steriorIy  of  ihe  superior  larvnpeal 
nerve  shonld  !><■  n  iiu-iiilnTed. 

2.  The  Lingual  Artery. — The  linjnial  arter\-  fa.  lincualis')  (  Fijf.  692)  usiiallv 
arisc-s  fr.im  tln-  anttrinr  snrfacc  of  the  external  rarotiil.  l>ctween  the  ori^ins  of  rhe 
superior  thvroid  and   thi-  fadal.  ahhou^h  it  is  sometinies  ^\\vv\  off  from  a  trunk 
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ooininon  to  it  .iiul  i»iK*  or  other  oi  thc5<*  artcric^.  irsptx*ially  the  facial.  In  the  tirst  iKirt 
ot  its  cmirs^*  it  jvisst-^  l\»ni\ird  and  sliirhtlv  upward  and  inuard  touards  the  tip  <>f  thr 
lcs>cT  o»rnu  oi  thv  hvoivl  lx.me.  and  is  crusscd  by  the  posterior  bellv  of  the  cli^astric 
and  the  stvio-hvoid  muM:lc<  and  by  the  hypogl«)ssal  ner\'e.  On  reaching  the  f)Os- 
tcrior  N»rder  ^H  the  hvo-ijk^šsus,  it  passes  beneath  that  miiscle  and  is  continue<l 
ahn^^t  iiirectlv  ti^rvkarvi  l^-neath  the  mucous  membrane  covering  the  under  surface  of 
the  tonviue  aml  beti* cen  the  jjenio-hyo-\fl«>ssii5  and  the  inferior  lingiialis  muscles.  In 
this  tenniiuil  [x>rti«^n  it  ha>  a  sinuous  o-urse.  and  is  frequently  termed  the  ranine 
artery  x  protnoda  lio^nue  :  it  ^ves  branches  to  the  adjacent  miiscular  substance 
atul  aiucv^us  ni^-nibnine  « č  the  tor^^je.  and  near  its  termination  anastomoses  with  its 
tello\\  v^c  the  o^^cv^^te  siče. 


^ 


Bnsbches. —  ^  Tbe  vspahjmd  bnnch  nons  hv^Mcas  >.  given  off  from  the  first  portion, 
j\iss<*s  Vn^^rijLA  x»r*irj  ovtrr  ui^  'T.\^.•^*i  S  ne.  ijcrdinj;  branchts  to  the  muscles  w h ich  are 

*  r>:e  «ftarsal  Isn^tial  branch  rami  darulcs  tiscaae'.  from  the  second  portion,  arises 
urrvSir  v\*vvr  ot  :^^  ..v^swr.».'r  S^Tvicr  v^t  ihfz  hy.j-,rWjssus  and.  pasiing  upuard  medial  to  the  slylo- 
<*v»!^us.  ^rtAi-v^i-  -;'  —  :-.^  trjiiches  which  are  distributcd  to  the  mucous  membrane  of  the  dorsum 
v*e  :Sf  ^Mrsiu<.  os  iir  r.ick.  .l<  the  epi'jd'»ttK,  and  aiso  to  the  tonsil.  Occasionally  a  branch  unites 
^!t-*  .1  s\'.-rvs>'*"'^-'"*^  '-''^  ir^-^m  the  artcr>  .jI  the  «>ppo<itc  side,  immediate]y  in  front  of  the  fora- 
rttv«  v\tv^.:rv.  .ex:  s  o.^nc:nucd  t».»ruard  m  the  mcvlLin  line.  immediate1y  beneath  the  mucous 
rTvn»N\irTv  »'i  t"*^  vU^riurti  «.H  the  toni2:ue.  as  far  .is  the  tip. 

W  suMirt^uAl  brmnch  a.  sublincnalu  ln  ^\K:n  oiž  near  the  anterior  border  of  the  hyo- 
<-V>c<>.  —  j><-c  ,i:x:  nms  tor^ard  in  the  same  plane  as  the  ranine  arter>-,  but  on  a  lower  level, 
'v«<*  •;:  -ivn:  :>e  :r>!v>-hyi'id  muscle  and  Ivinjj  betueen  the  jfenio-hvoid  laterally  and  the  genio- 
>\v^  c*»^'"<^-"^  •t:^^!  mIIv.  It  is  aco^mpanied  by  the  submaxillar>-  \\'harton*s )  duct,  u'hich  lies  upon 
,^  —vv*  >;■  ^:v!^'.  '1:kI  it  terminates  in  the  subling:ual  gland,  also  sending  branches  to  the  neighlxjr- 
«t»x  •♦isM.;^"^  ATivi  to  the  alveolar  bi»rder  ot  the  m;uidible. 

Anastomoses. — The  various  branches  of  the  linjjfual  arter)-  anastomose  exten- 
si\ci\  \\ith  their  teIlo\vs  of  the  opp)osite  side.  The  anastomoses  of  the  two  aa.  dor- 
s^iU-s  linv:iuv  take  plače,  houever,  only  throujjh  exceeilingly  fine  tMijsfs,  so  that  the 
tvMiv:ue  mav  be  di\ ided  l()nj^tudinaHy  in  the  meilian  line  uithout  any  great  loss  of 
bliHHl.  excepl  to\vards  the  tip,  \vhere  a  lari^er  anastomosis  of  the  ranine  arteries  occurs. 
In  ailditiim  to  these  contra-Iateral  anastonu^ses.  the  Hnj^^ual  also  anastomoses  through 
ils  snprahvoiii  branch  uith  the  intrahyoid  of  the  superior  thyroid  arter>',  through 
its  snblinijual  branch  \vith  the  submental  branch  of  the  facial,  and  through  the  a. 
tlonvilis  lin^ue  \vith  the  various  tonsillar  arteries. 

Variations. — The  liiigual  arter>-  S4>nietimes  arises  from  a  common  trunk  with  the  facial, 
and  it  lias  been  ol>ser\'ed  to  lemiinatV  al  the  riH>t  of  the  tongue,  being  replaced  in  the  rest  oi  its 
onirse  by  branches  from  the  internal  maxillar>-  c»r  by  the  submental  branch  of  the  facial.  The 
siiblinjn»'*l  branches  are  not  infre<iuently  lacking.  belng  replaced  by  branches  of  the  submental, 
anil.  in  addition  to  its  norma!  branches,  the  main  arter>'  may  give  rise  to  a  superior  lar>'ngeal  and 
an  accessor>'  superior  thyroid  branch. 

Practical  Considerations. — The  lingual  arter}*  is  tied  most  frequently  as  a 
preliniinarv  to  excision  of  the  whole  or  part  of  the  tonj^e.  but  one  or  both  arteries 
niay  l>e  lijjated  to  stop  bleedinjj  follow»nj^  wound  or  malignant  ulceration  of  that 
orjfan,  or  in  an  effort  to  arrest  j^routh  by  cuttinj^  ofT  hlood-supply,  as  in  cases  cA 
cancer  of  the  tonj,0J<^  <^r  <>^  niacroj^lossia. 

IJilution. — The  arter\'  is  for  convenience  dividcd  into  three  portions.  the  Jirst 
between  its  oripn — at)out  opposite  the  ^reater  cornu  of  the  hyoid — ^and  the  posterior 
edj^e  of  the  hyo-jTl()ssiis  niiiscK*.  lyinj^  upon  the  middle  constrictor  of  the  phar}'nx  : 
the  stcoffd  l)eneath  the  hvo-i^lossus  nuiscle.  Ivinj^  upon  the  genio-glossus  ;  the  ikird, 
{ ran  hit  )  from  the  anterior  border  of  the  hyo-glossus  along  the  under  surface  of  the 
tonj4iie  to  its  termination. 

'\\w  plače  of  election  is  in  the  second  part.  The  skin  incision,  tuo  inches  in 
lenvith,  curved,  \vith  the  concavitv  u[)\vard,  beijins  a  half-inch  below  and  extemal  to 
the  mandihular  syniphysis  and  ends  a  little  1h-1o\v  and  internal  to  the  pK>int  vhere 
the  facial  arterv  crosses  thi-  loucr  edi^e  of  the  inferior  maxilla  ;  its  centre  is  just 
alK)ve  the  j^reater  cornu  of  the  hyoid.      If  the  incision  is  carried  too  far  backward. 
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the  facial  vein  may  lxi  cut.  The  remainder  of  the  operation  may  be  described  as  if 
it  were  done  in  four  stages.  i.  That  portion  of  the  deep  fascia  constituting  the 
anterior  layer  of  the  capsule  of  the  submaxillary  gland  is  divided  in  the  line  of  the 
incision,  the  lo\ver  edge  of  the  gland  exposed,  and  the  gland  itself  cleared  and  ele- 
vated  over  the  lovver  jaw,  with  due  čare  to  avoid  injury  to  the  facial  artery  u  hich 
passes  through  its  substance  and  the  facial  vein  which  runs  upon  its  surface.  2. 
The  thin  p>osterior  leaf  of  the  capsule  of  the  gland  being  divided,  the  white,  shining 
aponeurotic  loop  attaching  the  digastric  tendon  to  the  greater  comu  of  the  hyoid 
will  be  seen.  The  tendon  near  the  bone  or  the  digastric  aponeurosis  should  be  fixed 
by  a  blunt  hook  or  tenaculum  and  drawn  downward  and  tovvards  the  surface.  3. 
After  the  division  of  the  posterior  layer  of  the  capsule  of  the  submaxillary  gland,  the 
posterior  edge  of  the  mylo-hyoid  muscle,  the  fibres  running  upvvard  and  slightly 
backward,  can  be  recognized  at  the  anterior  angle  of  the  wound  and  should  be 
clearly  defined.  4.  The  hypoglossal  nerve  separates  from  the  artery  at  the  poste- 
rior border  of  the  hyo-glossus  musde,  where  the  vessel  disappears  to  run  between 
that  muscle  and  the  middle  constrictor.  The  nerve.  accompanied  by  the  ranine 
vein,  runs  almost  horizontally  across  the  surface  of  the  hyo-glossus,  and  in  its  tum 
disappears  under  the  edge  of  the  mylo-hyoid  muscle.  It  \vill  ha  ve  been  brought 
into  view  when  the  submaxillary  gland  has  been  raised,  the  posterior  layer  of  its 
capsule  divided,  and  a  little  fatty  connective  tissue  picked  away.  In  the  irreg^lar 
triangle  formed  by  the  nerve  above,  the  mylo-hyoid  anteriorly,  and  the  posterior 
belly  and  tendon  of  the  digastric  posteriorly,  the  lingual  artery  runs  bcneath  the 
hyo-glossus  muscle  and  near  the  apex  of  the  triangle — />.,  near  the  hyoid  bone. 
The  nerve  and  vein,  which  are  on  a  slightly  higher  level — a  few  niillimetres — 
having  been  raised  and  the  fibres  of  the  hyo-glossus  divided  parallel  with  the  hyoid 
and  just  above  it,  the  artery  will  be  brought  into  view. 

In  ligation  of  the  lingual  for  carcinoma  of  the  tongue,  the  sta  te  of  the  salivary 
gland,  which  varies  in  size,  in  density,  and  in  the  closeness  of  its  attachments,  is  the 
main  element  of  uncertainty  (Treves). 

3.  The  Facial  Artcry. — The  facial  artery  (a.  maxi!lans  cxtcrna)  (Fig.  691) 
arises  usually  a  short  distance  above  the  lingual,  from  the  anterior  surface  of  the 
extemal  caroticl.  It  passes  at  first  for\vard  and  slightly  upuard,  lying  beneath  the 
posterior  belly  of  the  digastric  and  the  stylo-hyoid  muscles  and  the  hvpoglossal  nerve, 
and  is  then  continued  almost  horizontallv  for\vard  in  a  groove  in  the  submaxillar}' 
gland.  When  it  reaches  the  level  of  the  anterior  lx)rder  of  the  masseter  muscle,  it 
assumes  a  vertical  direction  and  passes  over  the  ramus  of  the  mandible,  and  is  then 
continued  in  a  sinuous  course  obliquely  across  the  face  to\vards  the  naso-labial  angle, 
resting  upon  the  buccinator  and  levator  anguli  oris  muscles,  and  being  crossed  by  the 
risorius  and  zvgomatic  muscles  and  by  some  branches  of  the  facial  ner\'e.  Arrived  at 
the  naso-labial  angle,  it  again  takes  an  almost  vertical  course,  passing  upward  beneath 
(or  sometimes  over )  the  levator  labii  superioris  and  the  levator  labii  superioris  al2eque 
naši  towards  the  inner  angle  of  the  orbit,  \vhere  it  terminates  by  anastomosing  with 
the  nasal  branch  of  tlie  ophthalmic  artery.  This  terminal  vertical  portion  of  the 
vessel  is  usuallv  termed  the  ang^ular  arter%'  Ta  angularis). 

Branches.  The  branches  of  the  facial  arter>'  (  Fij«;.  691,  693)  mav  be  an-canj^ed  in  two 
groups  acconiinjr  to  their  orij^^in  from  the  cervical  or  facial  portions  of  the  arter>'. 

From  the  cervical  portion  arise  \  {a\  The  ascending  palatine  branch  fa.  pnlatina  ascen- 
dens),  a  small  arterv  \vhich  passes  iipNrard  between  the  styk)-jflossus  and  stvlo-pharvnjj^eus  mus- 
cles, to  which  it  seiuls  branches.  and  then  ronies  to  he  upon  the  outer  surface  of  the  superior 
constrictor  of  ihe  phar\nx.  ll  terminates  by  sendinjj:  branches  to  the  soft  palate,  the  tonsil, 
and  the  Fusiachian  tube. 

(^)  The  tonsillar  branch  i  ramus  tonsillaris)  is  another  small  branch  \vhirh  passes  verti- 
cally  upvvard.  It  .iris<  s  rlose  to  the  ascendinvr  palatine  and,  passinu:  over  the  stvlo-glossus 
muscle,  pierces  the  Miperior  constrictor  of  the  phar>nx  to  Ih-  distribuled  to  the  tonsil. 

ic)  The  glandular  branches  (rami  slandulares),  t\vo  or  three  in  number,  are  disiributed  to 
the  submaxillarv  ^I.md. 

^</)The  submcntal  branch  (a.  Hubmenialis)  arises  just  l)efore  the  arter>'  bends  upNVJird 
over  the  mandible.  and   continues  onuard  in   the  horizontal  course  folloured   by   the  facial, 
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between  the  posterior  belly  of  ihe  digasiric  above  and  the  hypoglossal  nerve  beloiv. 
(A)  The  facial  portion  is  easily  expo3ed  where  it  crosses  the  mandible  at  the  ante- 
rior  border  of  the  masseter,  either  by  a  vertical  cut  paralld  wilh  that  muscle  and  the 
artery  or  by  a  horizontal  cut  crossing  the  vessel  and  placcd  under  the  inferior  margin 
of  the  jaw  so  as  to  leave  the  scar  in  an  inconspicuous  position.  Beneath  the  skin 
and  the  superficial  fascia  the  platysma  and  deep  fascia  are  ihe  only  structiins  that 
require  division,  The  vein  lies  in  the  groove  betuecn  the  artery  and  the  edge  ot  the 
masseter. 

4.   The  Imernal  Maxillary  Artery. — The  intemal  niaxillary  (a.  mailllaris 
Interna)   (  Fig.  692)  is  a  larg-e  branch  which  ariscs  from  the  anterior  surfacc  of  the 


extemal  carotid,  i)|)j>nsitc  tln-  iieck  of  the  mandible.  It  pas.ses  foroard  viith  a  flexuous 
course.  Ivinj;  at  tirst  K-tMc-en  the  neck  of  the  mandible  and  the  splenu-mandibular 
ligament.  and  tht-ii  jiassinj.'  <itht-r  bctttcun  the  two  pterjgoid  musctes,  in  nhich  čase  it 
crosses  the  inferior  dint^il  and  lingual  ncrves.  or  eLsc  over  the  cxternal  siirface  of  the 
extemal  ptervgoid.  l>i'twi'en  ihat  muscle  and  the  temporal.  It  tlicii  |xisses  betwecn 
the  two  heads  uf  ihtr  ixHTnal  jttcrvpoid,  in  the  one  čase  passing  from  helow  npvard 
and  in  the  otlu-r  from  nithout  inivard.  and  enters  the  sphono-maxillarj-  fossa,  in 
which  it  is  tiincti-d  ii]>ward  and  inivard  towards  the  sphino-palaline  foramen,  which 
it  traverses  imder  the  name  <if  the  spheno-])nlatine  arterv. 


Branches.— 


iistiiiK  oi  three  [H)rlio 


it  is  ciisiomarv  to  rcfrard  the  intemal  maxillary 
Dt  maadibu/ar  portiom,  is  Ihat  which  lies  inter- 
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nal  to  the  neck  of  the  mandible  ;  the  second,  ur  pterygoid  fortion^  is  that  which  traverses  the 
pter>'goid  fossa,  and  is  in  relation  with  the  pterygoid  muscles  ;  and  the  third,  or  sphenO'maxH- 
iary poriioHt  extends  froni  uhcre  it  passes between  thetwo  headsuf  theextemal  pterygoid  nius- 
cle  to  its  entrance  into  the  spiiciio-palatinc  foramen.  Of  the  sixteen  iiamed  branches  arising  from 
the  intemal  maxillary  artery,  h\  c  arise  from  tlic  iirst  portion,  five  froni  the  second,  and  six  from 
the  third. 

From  the  first  or  mandibular  portion  arise  (i)  the  deep  auriculaf\  (2)  the  fympanic,  (3; 
the  middle  meningcaly  (4)  the  small  meningeal^  and  (5)  the  in/erior  deniai  Sivienes. 

(a)  The  deep  auricular  (a.  auricularis  profuada)  is  a  small  branch  which  passes  behind  the 
tcmporo-mandibular  articulation,  to  uhich  it  sends  l)ranches,  and  perforates  the  anterior  uall  of 
the  extemal  auditory  meatus  to  supply  the  skin  lining  that  passage  and  the  outer  surface  of  the 
t>'mpanic  membrane. 

(b)  The  tympanic  (a.  tympanica  anterior),  also  a  small  branch,  passes  upuard,  giving  off 
branches  to  the  temporo-mandibular  articulation,  and  enters  the  Glaserian  fissure.  Thence  it 
traverses  the  iter  chordce  anterius  along  uith  the  chorda  tympani,  and  reaches  the  middie  ear,  to 
whose  mucous  membrane  it  is  dislributed,  anastomosing  wilh  the  tympanic  branches  of  the  stylo- 
mastoid  arter>'. 

(c)  The  middie  meningeal  (a.  meniagea  media)  is  the  largest  of  ali  the  branches.  It  as- 
cends  vertically  touards  the  bi^se  of  the  skuU  and  enters  the  cranium  by  the  foramen  spinosum, 
and,  after  passing  outuard  and  upward  for  a  short  dtst<mce  u|)<)n  the  great  wing  of  the  sphenoid. 
divides  into  an  anterior  and  a  posterior  terminal  branch,  uhich  ramify  over  the  surface  of  the 
dura  and  supply  nearly  the  whole  of  its  lateral  and  superior  surfaces,  making  abundant  anasto- 
moses  with  the  vessel  of  the  opjx)site  side.  The  anterior  branch,  the  larger  of  the  two  terminal 
branches,  passes  obli(]ueIy  foruard  over  the  greater  \ving  of  the  sphenoid,  crosses  the  antenor 
inferior  angle  of  the  parietal,  and  then  tiscends  along  thu  anterior  border  of  that  bone  almost  to 
the  superior  longitudinal  sinus,  sending  off  numerous  branches.  The  posterior  branch  passes 
backward  and  upward  over  the  st^uamous  portion  of  Ihe  temj>oral  bone,  and  then  over  the  ix>s- 
terior  part  of  the  parietal  bone,  giving  oflF  numerous  branches  uhich  pass  upward  as  far  as  the 
superior  longitudinal  sinus  and  backuard  as  far  as  the  lateral  sinus.  In  addition  to  these  ter- 
minal branches,  the  main«stem  \vithin  the  cranium  also  g^ves  origin  to  (a/?)  ^petrosal  branch 
(a.  petrosus  superfidalis)  which  enters  the  hiatus  Kallof)!!  and  anastomoses  uith  the  terminal  por- 
tion of  the  stylo-mastoid  arteries  ;  to  (bb)  Gasscrian  branches,  minute  tuigs  which  pass  to  the 
Gasserian  ganglion  and  the  tifth  nerve  ;  to  {cc)  a  tympanic  branch  (a.  tympanica  superior)  uhich 
descends  through  the  i>etro-S(juamous  suture  to  the  mucous  membrane  of  the  middie  ear  and  ihe 
mastoid  cells  ;  and,  finally,  to  Kdd )  an  orbitat  branch,  a  small  vessel  that  passes  into  the  orbit 
through  the  outermost  portion  of  the  sphenoidal  fissure  and  anastomoses  uith  the  lachnmal 
branch  of  the  ophthalmic. 

{d  )  The  small  meningeal  (r.  meniaxeus  accessorius)  is  an  inconstant  branch,  sometimes 
arising from  the  middie  nienin^ial.  It  passt-s  upuard  along  the  mandibular  divisicm  of  the  fifth 
ner\'e,  and  enters  the  cranium  through  the  foramen  ovale  to  l)e  distributed  to  the  Gasserian 
ganglion  and  the  dura  mater  in  its  neighborhood. 

(<)  The  inferior  dental  (a  alveolaris  inferior)  is  given  oflf  from  the  lower  surface  of  the  arter\- 
and  descends  along  uith  the  inferior  dental  ner\'e  to  the  mandibular  foramen.  Before  reaching 
the  foramen  it  gives  ofT  {aa)  a  tinji^ua/  branch,  \vhich  ac<'ompanies  the  lingual  ner\e  to  the 
tongiie,  and  (^^)  a  mvlo-hvoid  branch  ( ramus  niylohyoideu8),  accompanying  the  mylo-hyoid 
ner\'e  to  the  musde  of  that  name.  Kntering  the  mandibular  foramen,  it  traverses  the  man- 
dibular canal,  giving  ofT  branches  to  the  nM)ts  of  the  louer  teeth  as  it  passes  them,  and  finallv 
emerges  at  the  mental  foramen  as  (/v)  the  mental  arterv  (a.  mentalis),  supplyingthe  neighboring 
muscles  and  integument  and  anastomosing  uith  the  submental  and  iniferior  labial  branches  of  the 
facial.  Just  In-fore  issuing  from  the  mental  foramen  it  gives  ofT  (dd)  an  incisiz*e  branch  uhich 
distributes  tuigs  to  tlu-  incisor  ti-eth. 

From  the  second,  or  pterygoid  portion,  arise  branches  distributed  chiefly  to  the  adjacent 
muscles  ;  thev  are  ( i )  the  massrtrric,  (2)  the  dccp  temporat,  (3  and  4)  the  intemal ^nd  e^ter- 
ftai ptcrrgoid,  and  (5)  the  /»//rrr?/ arterv. 

I./" J  The  masseteric  branch  fa  masneterica)  passes  uith  the  corresponding  ner\c  through 
the  sigmoiti  notch  of  tlu*  mandihlc  to  i-nter  the  ileep  surface  of  the  masseter. 

'  V  I  The  deep  temporal  branches  are  two  in  numbtT.  the  anterior  and  the  posterior.  The 
postrrior  branch  la.  icniporalis  profiinda  posierior)  arist.**^  rlose  to  or  in  common  uith  the  ma>- 
strt«Tir.  \vhilf  the  </////77f>;- mu-  ^a.  (t'in|H»ralis  profunda  aiUerior)  is  given  ofT  near  the  termination 
of  thi- ptervi^nid  jMirtinii  «>t  tlu- art«Ty.  Tliev  botli  pass  upuard  In-tut^^n  the  temporal  musfle 
and  th«-  bom-  sn|»f)lyiii-  the  nuisrl*-  and  anastomosing  \vith  the  middie  temporal  Itmnch  of  ihc 
tfm|x>ral  .irt<Ty 

(// ,md /'  'lin*  interna!  and  external  pterygoid  branches  f  rami  pcer>'goidei )  are  short  and 
variablr  in  numlnT.     Tlit-v  p.iss  directlv  into  tlu-  nnisrk-s  of  tlie  same  names. 
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{j)  The  buccal  btanch  (a.  Iiuccinatoria)  passes  duu-iiu-iird  nnd  foruard  with  the  biiccal 
aer\e  along  the  anterior  border  o(  tlie  ttiidon  o(  the  tempoml  musck-,  and  supplics  the  biicci- 
nalor  iiiuscie  and  the  niucuus  nitnibrane  uf  the  mouth. 

Froni  the  tbird  ur  spheno-niaxiUary  portion  arise  (i )  the  alvcolar,  (2)  ihe  infraorbital, 
<3)  the  descending  palaiim\  U)  'he  Vidian,  (5)  ihc  plcrjgo-palaliae,  and  (6)  the  sfi/i^ao- 
palatine. 

(i)  The  alveolat  brancb  (a.  alveolariH  Huptriar  posicrior)  descends  upon  the  Iubero!;tty  of 
Ihe  maxiMa,  ^ving  uff  briincheri  uhich  penelrnlesmall  foramina  in  that  bone  and  are  dlsiributed 
10  the  molar  and  premotar  leeib  and  Ihe  giims  uf  the  uppcr  jaw  atid  tu  the  niucuns  membrane 
iining  the  antrutn  of  Higihniore.  The  main  stem  termhiates  iipon  the  tuberosily  of  the  majtilla 
by  breakini;  up  into  a  plexus  wilh  which  branches  from  the  buccal  artery  tinite. 

FiG.  6g,v 


Stcrno-miMoid  Hiter) 


(/)  The  infraorbital  artery  \a.  infraorliiialis)  (requently  arises  Jii  cummon  with  Ihc  aivcolar. 
It  passes  forward  ;ind  np«ard  ihrough  Ihc  spheno-maxillary  (ussa  and  the  spheno-nia\itlar>- 
foramen  lo  Iraveme  thf  iniriHirbital  gr(H)vi-  and  canal  alung  wilh  the  infraorbital  ncne.  In  this 
part  iif  its  course  it  gives  oll  ( aa  \  orbilal  bratithcs.  distributed  to  the  adipose  lissne  of  the  orbit 
and  to  the  iid);hborinjr  niuscles  oi  Iht-  evf.  aiid  lWl  anterior  denial  branches  t^aa.  t\\ta\nm 
Mptrlom  anterior*«)  uliiclt  pii^is  iloun  ihi-  aiiterior  »ali  of  the  antruni  of  Hij^hniore,  alon«  wilh 
the  antfriiir  an<l  mlil<lle  sn(«-riiir  dtntiil  nenes,  to  siipply  the  mucoiis  membrane  hninfi  the 
atitnim  and  the  cniinv  ancl  incisor  teelh  of  the  upper  ja«-.  The  main  stem  emerRes  iipon  the 
(ace  at  the  iiifr.iorbit.il  fi>r:mifn  rmd  (livi<les  into  \cc)  p<jlf>ehral.  (dd)  msa/.  and  r,T)  labial 
braHchfs.  who-ie  di-tribiili.-n  is  indicatcil  by  their  names,  an<i  »hirh  anastomose  ivitli  the  nasal 
and  lachn-nial  bnini-h.s  uf  the  ophthidmic  arten,-,  the  Iransvcrse  f:u'i:il  braneh  of  ihe siiperlicial 
tein|X)rnl.  and  ihv  ■iii|>fri,)r  i.ironan'  and  atiKiil.nr  branches  uf  tlie  faiial, 

(»«)  Thi'  descending  palatine  artery  (a,  palalina  iIcKcnilens  )  arc<>m|Mnles  the  anterior  pala- 
tine  ner\-e  fnim  thf  spheno-|>atati[ie  Kunglion  ihrouKh  the  |>i>sterior  palatine  canal,  and.  on  its 
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5inergence  from  the  posterior  palatine  fondnen,  divides  into  an  anterior  and  a  posterior  brandi. 
The  former  passes  forward  beneath  the  mucous  membrane  of  the  hard  palate,  which  it  supplies, 
and  at  the  anterior  palatine  foramen  anastomoses  with  the  spheno-palatine  artery ;  the  latter 
passes  backward  to  supply  the  soft  palate  and  the  tonsil,  anastomosing  with  the  ascendinj; 
palatine  branch  of  the  facial. 

(n)  The  Vidian  artery  (a.  canalis  pteryf(oidei )  is  a  small  branch  which  passes backward  along 
the  Vidian  nerve  through  the  Vidian  canal,  and  sends  branches  to  the  roof  of  the  pharynx  and 
to  the  Eustachian  tube. 

{o)  The  pterygo-palatine  artery  (a.  palatina  major)  is  also  a  someuhat  slender  branch.  It 
|)asses  backuard  through  the  pter>'go-palatine  foramen  along  with  the  phar>'ngeal  nerve  from 
the  spheno-palatine  ganglion,  and  supplies  the  roof  of  the  pharynx,  the  Eustachian  tube,  and 
the  nuicous  membrane  lining  the  sphenoidal  cells. 

{p)  The  spheno-palatine  artery  (a.  sphenopalatina )  is  the  terminal  branch  of  the  interna! 
maxillary.  It  passes  into  the  nasal  cavity  through  the  spheno-palatine  foramen  along  with  the 
spheno-palatine  nerve  from  the  spheno-palatine  ganglion.  Shortly  after  traversing  the  foramen 
it  divides  into  an  intemal  and  an  extemal  branch.  The  iniemal  branch,  sometimes  termed  the 
naso-paloHne,  passes  transversely  across  the  roof  of  the  niiScil  cavity  to  reach  the  septum,  u|x>n 
which  it  passes  downwardand  forward,  givingoff  nunierous  branches  which  anastomose  to  form 
a  nch  net-work  beneath  the  mucous  membrane  of  the  septum.  It  finally  reaches  the  anterior 
palatine  foramen,  where  it  anastomoses  with  the  anterior  branch  of  the  descending  |>alatine. 
Throughout  its  course  it  is  accompanied  by  the  naso-palatine  nerve.  The  extemal  branch 
ramifies  downward  and  forward  over  the  lateral  wall  of  the  nasal  fossa,  forming  a  rich  p1exus 
beneath  the  mucous  membrane  lining  the  meatuses  and  the  turbinate  bones. 

It  will  be  obsen-ed  that  ali  the  branches  arising  from  the  first  and  third  portions  of  the 
intemal  maxillary  artery  traverse  bony  canals  or  foramina,  \vhile  those  of  the  second  portion 
do  not,  but  are  distributed  directly  to  muscles. 

Anastomoses. — The  Communications  of  the  intemal  maxillary  artery  are  with 
the  branches  of  the  artery  of  the  opposite  side,  with  other  branches  of  the  arter)-  of  the 
same  side,  with  other  branches  of  the  extemal  carotid,  and  with  branches  of  the 
internal  carotid.  The  most  abundant  anastomoses  with  the  artcry  of  the  opposite 
side  are  made  through  the  branches  of  the  middlc  mcningeal;  the  alveolar  branch 
anastomoses  with  the  dental  branches  of  the  infraorbital  of  the  same  side  and  with 
the  buccal  artery,  and  the  anterior  branch  of  the  descending  palatine  makes  a  large 
anastomosis  with  the  naso-palatine  branch  of  the  spheno-palatine  at  the  anterior 
palatine  foramen.  The  other  branches  of  the  external  carotid  with  which  anastomoses 
are  made  are  the  facial,  the  temporal,  and  the  posterior  auricular;  the  facial  com- 
municates  by  means  of  its  submental  and  inferior  labial  branches  with  the  mental 
branch  of  the  inferior  dental,  by  its  superior  coronary  and  ang^lar  branches  with  the 
terminal  branches  of  the  infraorbital,  by  its  superior  coronary  with  branches  of  the 
naso-palatine,  and  by  its  ascendinjj^  palatine  with  branches  of  the  descending  palatine. 
The  deep  temporal  arteries  anastomose  with  branches  of  the  superficial  temporal  and 
the  infraorbital  \vith  the  transvcrse  facial  branch  of  the  same  artery;  whi1e  the 
|X)steri()r  auricular  conimunicatcs  hy  nieans  c)f  its  stvlo-niastoid  branch  ^ith  the 
tympanic  branch  and  with  the  petrosal  branch  of  the  niiddle  meningeal. 

Of  the  anastomoses  with  the  internal  carotid  arteries  the  most  important  are 
those  lK*tween  the  orbital  bninch  of  the  niiddle  nieningeal  and  the  lachrymal  artery, 
l)etwtfen  the  terminal  branches  of  the  infraorbital  and  the  terminal  branches  of  the 
ophthalmic,  and  lK't\veen  the  spheno-palatine  branches  and  the  ethmoidal  arteries. 

Variations. — In  the  t*arly  stages  of  development  the  niain  portion  of  the  intemal  ni«ixillar>- 
is  represcntcd  !>v  a  stem  uhich  arises  from  the  intemal  carotid  (Tandler).  Tbis  is  knoun  as 
Uk*  a.  stapcdia  (  T^ig.  694.  Asi),  since  it  traverses  tht'  niiddle  ear,  piu^sing  through  the  foramen 
of  the  sta|Krs  (5/);  it  makes  its  exit  from  the  micldlt-  ear  by  the  (ilaserian  fissure  and  divides  into 
two  stcms.  one  of  uliich  ( A*.v)  nas^s  throuijh  tht'  f(^ramen  spinosum  (  fsp)  and  is  distributed  to 
th»*  supraf>rbital  r^gioii.  ubil«*  tnt»  other  divides  into  t\vo  branches  uhioh,  from  their  distrilHition, 
are  termed  the  infraori)itaI  (  AV  )  an<l  the  niandibular  (inferior  dentah  KRm).  A  branch  (A*«i) 
arises  later  from  the  extemal  carotid  uhirh  anastomoses  u ith  the  louer  stem  uhere  it  divides 
into  the  tuobranrhes  just  mentioned.  and  the  main  stem  of  the  stapedius  disa|)|Hfars.  except 
in  its  (listal  |)ortion.  uhich  |H'rsists  as  the  tvmpanic  branch  ot  the  internal  maxillar>.  uhich  fre- 
(lut^ntlv  aris<'s  in  the  adult  from  the  middie  nieninj^eal  inNteaii  of  directly  from  the  intem-il  max- 
illarv  Hy  these  rhanges.  as  mav  l)e  seen  fn^m  the  arconipanving  diagrams.  the  adult  intemal 
mavillarv  is  fornied.  th<*  supraorbital  brane  h  l>e<()ming  the  niiddle  meningeal  {Mm\  and  the 
mandilnilar  branch  the  inferior  dental.  \\hile  the  infraorbital  branch  [  Ri)  becomes  the  main 
stem  of  the  arterv  from  whirh  the  reniaining  branches  gradiiallv  develop. 


THE  OCCIPITAL  ARTERV. 


743 


In  correspondence  with  this  history,  a  persistence  of  the  stapedial  artery  is  occasionallv 
found ;  but  the  niajority  of  the  usual  vanations  of  the  intemal  thaxil]ary  are  due  to  the  seconcl- 
ary  anastomoses  which  its  branches  make  with  other  vessels.  Thus,  by  an  enlargement  of 
the  anastomoses  between  the  middle  meningeal  and  the  branches  of  the  ophthalmic  arter>\  that 
vessel  or  some  of  its  branches,  notably 


the  lachnrmal,  may  come  to  arise  from 
themiddfe  meningeal  (page  749).  And, 
similarly,  by  the  cinastomoses  with  the 
fiacial  or  transverse  facial  arteries,  the 
tenninal  branches  of  the  infraorbital 
fnay  be  transferred  to  those  vessels,  the 
infraorbital  itself  stopping  in  the  middle 
of  the  infraorbital  groove. 

5.  The  Ascending  Pharyn- 
geal  Artcry. — The  ascending 
pharyngeal  artery  (a.  pharjngea 
ascendens)  (Fig.  695)  differs  from 
ali  the  other  branches  of  the  extemal 
carotid  by  its  vertical  course.  It 
is  a  comparatively  small  stem  which 
arises  close  to  or  immediately  at  the 
origin  of  the  external  carotid  and 
passes  upward,  at  first  between  that 
vessel  and  the  intemal  carotid,  and 
later  between  the  internal  carotid 
and  the  internal  jugular  vein. 


Fig.  694. 
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Diagrams  lllustrating  development  of  internal  max- 
illary  artery ;  vi,  carly  siAgc ;  B,  later  sUge;  C,  coinmon 
carotid;  Cr,  Ci,  eztemal  and  internal  carotid.  For  ex- 
planation  of  other  letters,  see  text.     (  Tandlet.) 


Branches,— (a)  A  prevertebral  branch  which  supplies  the  prevertebral  muscles  of  the  neck 
and  anastomoses  with  the  ascending  cer\'ical  branch  of  the  inferior  thyroid  artery. 

(b)  Pharyngeal  branches  (rami  pharyiig€i),  two  or  three  in  number,  which  supply  the  con- 
strictor  muscles  and  the  mucous  membrane  of  the  phar>Tix. 

(c)  Meningeal  Branches.— A  number  of  small  twigs,  into  uhich  the  arter\'  breaks  up  as  it 
approaches  the  base  of  the  skull,  pass  through  the  jugular  and  anterior  condyloid  foramina  to 
supply  the  dura  mater  of  the  posterior  fossa  of  the  skull,  and  through  the  cartilageof  the  middle 
laoerated  foramen  to  supply  the  dura  of  the  middle  fossa. 

Vanations.— The  ascending  pharyngeal  frequentlY  gives  ori^n  to  the  ascending  palatine 
and  more  rareljr  to  the  sup)erior  lar>-ngeal  arter>-.  It  is  verv  vanable  in  its  origin,  not  infre- 
quently  being  given  oflf  from  one  or  other  of  the  neighboring  branches  of  the  extemal  carotid. 

6.  The  Sterno-Mastoid  Artcrjr. — ^The  stemo-mastoid  artery  (a.  sterno- 
cleidomastoidea)  arises  from  the  posterior  surface  of  the  extemal  carotid,  near  its  origin, 
and  passes  downward  and  backward  to  enter  the  stemo-cleido-mastoid  muscle  along 
with  the  spinal  accessorv  ner\'e.  It  is  a  comparatively  small  vessel  and  is  not  infre- 
quently  absent,  bein^  replaced  by  branches  passing  to  the  muscle  from  other  arteries. 
When  it  is  present,  the  hvpoglossid  ner\'e  bends  around  to  it  to  pass  fonvard  to  the 
lingual  muscles. 

7.  The  Occipital  Arterjr. — The  occipital  artery  Ca.  occipitalis)  (  Figs.  691, 
692)  arises  from  the  posterior  surface  of  the  carotid,  opposite  or  a  little  below  the 
facial.  It  passes  upward  and  backward,  and  is  at  first  partlv  covered  by  the  posterior 
belly  of  the  digastric  and  the  stvlo-hvoid  muscles,  the  parotid  gland.  and  the  tem|X)ro- 
maxillary  vein.  It  crosses  in  succession,  from  before  backward,  the  hvpoglossal 
nerve,  which,  when  the  sterno-mastoid  artery  is  wanting,  winds  around  it  to  jxiss  for- 
ward  to  the  ton^ue,  the  pneumoj^Mstric  ner\*e,  the  intemal  jugular  vein,  and  the  spinal 
accessory  nerve.  It  thcn  passes  more  deepiv,  Iving  in  a  groove  on  the  posterior  sur- 
face of  the  mastoid  j^rocess  and  beneath  the  origin 'of  the  posterior  l)elly  of  the 
digastric,  the  sterno-cKido- mastoid,  and  the  splenius  capitis.  Emerging  from  beneath 
these  muscles,  it  reappears  in  the  upper  part  of  the  occipital  triangle,  and  then  ascends 
in  a  tortuous  course  o  ver  the  lx4ck  of  the  skull,  sometimes  perforating  the  trap>ezius 
near  its  origin.  and  breaks  up  into  numerous  branches  \vhich  anastomose  with 
branches  from  thr  arterv  of  the()pj>osite  side  and  with  those  of  the  posterior  auricular 
and  superficial  lem|:)<)ral.     In  this  last  part  of  its  course  it  is  superficial,  Iving  beneath 
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the  integument  iipon  thc  aponeurosis  of  the  occipito-frontalis.  The  artery  pierces 
the  deeper  structures,  accompanied  by  the  j^reat  occipital  nerve,  a  short  distance 
lateral  to  and  a  Httle  belovv  the  external  occipiUil  protuberance. 

Branches. — In  addition  to  its  terminal  branches,  the  occipital  arter>'  gives  oflF : 

(a)  A  superior  stemo-mastoid  branch  which  supplies  tlie  iipper  part  of  the  stemo-cleido- 

mastoid. 

{d)  Postcrior  meningeal  branches,  one  or  more  slender  ve.ssels  which  piiss  upuard  along 

the  intemal  jugnlar  vein  and,  entering  the  skull  by  the  jugular  foramen,  are  supplied  to  the 

dura  mater  of  the  iK)sterior  fossa. 

(c)  An  auricular  branch  (ramus  auricularis)  which  passes  upward  over  the  mastoid  process 
to  supply  the  pinna  of  the  ear. 

(d)  A  mastoid  branch  (ramus  mastoideus)  which  enters  the  skull  by  the  mastoid  foramen 
and  supplies  the  niucous  membrane  lining  the  mastoid  cells,  the  diploe,  and  the  dura  mater. 

(e)  An  arteria  princeps  cervicis  (ramus  descendens)  which  arises  from  the  artery,  j  ust  as  it 
})asses  out  from  beneath  the  splenius  and  descends  the  neck,  supplying  the  adjacent  muscles  and 
anastomosing  with  the  superficial  cervical  branch  of  the  transversalis  colli  and  uith  the  pro- 
funda  cervicis  from  the  sui>erior  intercostiil. 

{/)  Muscular  branches  (rami  musculares)  which  are  given  off  aH  along  the  course  of  the 
artery  to  the  neighboring  muscles. 

Anastomoses. — The  occipital  artery  makes  com parati vely  large  and  abundant 
anastomoses  in  the  scalp  with  the  stylo-mastoid  and  temporal  arteries,  and  also, 
by  means  of  its  art.  princeps  cerv^icis,  with  branches  of  the  transversalis  colli  and 
superior  profunda  arteries,  \vhich  arise  from  the  subclavian.  These  latter  anastomoses 
are  of  considerable  importance  in  the  development  of  a  collateral  circulation  after 
ligation  of  either  the  common  carotid  or  the  subclavian  arteries. 

Variations. — The  occipital  arterv  occasionally  passes  superficial  to  the  stemo-cleido-mas- 
toid  muscle  instead  of  beneath  it,  and  it  not  infrequently  gives  origin  to  the  ascending  phar>ii- 
geal  arter>-  or  to  the  stylo-mastoid. 

Practical  Considerations. — The  occipital  artery  is  rarely  formally  ligated. 
The  cervical  portion  niay  be  reached  through  an  incision  along  the  anterior  border 
of  the  stemo-mastoid,  beginning  midway  betueen  thc  ramus  of  the  mandible  and  the 
lobe  of  the  ear  and  extending  downward  two  and  a  half  inches.  The  deep  fascia  at 
the  upper  angle  of  the  wound  (parotid  fascia)  is  spared  on  account  of  the  risk  of 
salivary  fistula.  A  t  the  lower  angle  it  is  divided,  the  parotid  and  sterno-mastoid 
are  separated,  and  the  digastric  and  stylo-hyoid  muscles  recognized  and  drawn 
upward.  The  occipital  artery,  near  its  origin,  will  then  be  seen  crossing  the  intemal 
carotid  artery  and  intemal  jugular  vein  and  in  contact  with  the  curve  of  the  hypo- 
glossal  nerve  where  it  turns  to  cross  the  neck.  The  artery  may  be  ligated  close 
behind  the  nerve,  the  needle  being  passed  from  uithout  inward  to  avoid  the  jugular 
vein.  The  occipital  portion  is  approached  through  an  almost  horizontal  incision  twa 
inches  in  length,  l>eginning  at  the  tip  of  the  mastoid  apophysis  and  extending  back- 
ward  and  a  litde  upward.  The  outer  fibrcs  of  the  sterno-mastoid  and  its  aponeu- 
rotic  expansion,  the  splenius,  and  often  the  complexus,  must  then  be  divided  and 
the  [)ulsation  of  the  arterv  sought  for  in  the  space  between  the  mastoid  and  the 
transverse  process  of  the  atlas,  \vhcnce  the  vessel  may  be  traced  outward.  If  it  is 
isolated  near  to  the  mastoid,  great  čare  must  be  taken  not  to  in  jure  the  important 
mastoid  venous  tributaries  of  the  occipital  vein  which  in  this  region  connect  it  with 
the  lateral  sinus. 

S.  Thc  Postcrior  Auricular  Artcry. — The  postcrior  auricular  arter>'  (a. 
auricularis  postcrior)  (Fig.  693)  arises  from  the  external  carotid  after  it  has  passed 
l>eneath  thc-  |)osteri()r  lx-lly  of  the  digastric.  It  passes  upvvard  and  backward.  cov- 
rrcd  at  first  by  the  parotid  gland.  \vhich  it  supplies,  and  divides  in  the  angle  belween 
thc  |)inna  and  thc  mastoid  process  into  terminal  branches,  some  of  which  suppiv  the 
pinna,  while  others  anastomose  with  branches  from  the  occipital  and  superficial 
temporal. 
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Branches. — In  addition  to  branches  to  the  parotid  gland  and  to  neighboring  muscles,  it 
gives  rise  to  the  8tylo-ma8toid  artery  ^a.  8t>iomastuidea ).  This  vessel  enters  the  sty]o-mastoid 
foramen  and  traverses  the  facial  canal  (agueduct  of  Fallopius)  as  far  as  the  point  at  which  the 
hiatus  Fallopii  passes  ofif  from  it.  During  its  course  through  the  canal  it  gives  off  branches  to 
the  mucous  membrane  lining  the  m;istoid  cells,  to  the  stapedius  muscle,  and  to  the  mucoiis 
membrane  of  the  middle  ear,  those  tuigs  which  pass  to  the  inner  surface  of  the  tympanic  mem- 
brane anastomosing  uith  the  tympanic  branch  of  the  internal  maxillary.  Arrived  at  the  hiatus 
Fallopii.  the  arter\'  accompanies  the  great  sujHrrficial  petrosal  nerve  through  that  canal  and 
enters  the  cranium,  supp}ying  the  dura  mater  and  anastomosing  with  branches  of  the  middle 
meningeal  artery. 

Variations.— The  stylo-mastoid  arterv  may  arise  from  the  occipital  or  its  plače  may  be 
taken  by  the  petrosal  branch  of  the  middle  meningeal,  with  which  the  st>'lo-mastoid  normally 
anastomoses. 

9.  The  Superficial  Temporal  Artcry. — ^The  superficial  temporal  artery 
(a.  temporalis  superficialis)  (Fig.  693)  is  the  continiiation  of  theexternal  carotid  after 
it  has  given  of!  the  internal  maxillary.  At  its  origin  it  is  embedded  in  the  substance 
of  the  parotid  gland,  and  is  directed  upward  over  the  root  of  the  zygoma  and  imme- 
diately  in  front  of  the  pinna.  After  ascending  a  short  distance,  usually  about  2  cm. , 
upon  the  aponeurosis  covering  the  temporal  muscle,  it  divides  into  an  anterior  and  a 
posterior  branch,  which,  diverging  and  branching  repeatedly,  pass  upward  over  the 
temporal  and  occipito-frontal  aponeuroses  almost  to  the  vertex  of  the  skuU,  anasto- 
mosing with  the  supra-orbital  branches  of  the  ophthalmic  branch  of  the  internal 
carotid,  with  the  posterior  auricular  and  occipital  branches  of  the  extemal  carotid, 
and  with  the  artery  of  the  opposite  side. 

Branches. — 

(a)  Parotid  branches  (rami  parotidei),  small  branches  to  the  parotid  gland. 

{d)  Articular  branches  to  the  temporo-mandibular  articulation. 

(r)  Muscular  branches  to  the  masseter  muscle. 

(d)  The  anterior  auricular  branches  (rami  auriculares  aateriores)  supply  the  outer  surface 
of  the  pinna  and  the  outer  portton  of  the  extenial  auditory  meatus. 

(f)  The  transverse  facial  artery  (a.  transversa  fadei)  arises  just  below  the  main  stem  of  the 
artery,  crosses  the  zygoma,  and  is  directed  forA\ard  paral lel  uith  the  z>'goma  and  between  it 
and  the  parotid  duct.  It  gives  off  branches  to  neighboring  muscles  and  to  the  integument  of 
the  cheek,  and  anastomoses  with  the  mas.seteric  branches  of  the  facial  and  with  the  buccal, 
alveolar,  and  infra-orbital  branches  of  the  internal  maxillary. 

(/)  The  middle  deep  temporal  (a.  temporalis  medla)  arises  just  above  the  zygoma,  and 
after  perforating  the  temporal  aix)neurosis  and  muscle,  it  ascends  upon  the  surface  of  the  skull 
to  anastomose  with  the  deep  temiK^ral  ^ranches  of  the  internal  maxillar>'  artery. 

(^)  The  orbital  branch  (a.  zyxomaticoorbi tališ)  runs  forward  alongthe  upper  borderof  the 
zygoma,  supplying  the  orbicularis  palpebrarum  and  also  sending  branches  into  the  cavity  of 
the  orbit. 

Anastomoses. — The  superficial  temporal  artery  makes  extensive  anastomoses 
in  the  scalp  with  its  fellow  of  the  opp)osite  side,  with  the  occipital  and  posterior  auricu- 
lar branches  of  the  external  carotid,  and  with  the  supra-orbital  branch  of  the  oph- 
thalmic. By  means  of  the  transverse  facial  it  makes  anastomoses  with  the  facial  and 
internal  maxillary  arteries. 

Variations. — The  principal  variations  of  the  superficial  temporal  are  its  division  into  the 
terminal  branches  below  the  level  of  the  z\'gomatic  arch  and  tne  absence  of  its  posterior  ter- 
minal branch  ;  in  the  latter  c;ise  the  area  of  distribution  of  the  posterior  branch  is  sui)plied  by 
the  posterior  auricular  or  the  (Kcii)ital  arten'. 

Practical  Considerations. — The  superficial  temporal  artery  mav  require 
ligation  on  account  of  uoiind  of  the  vessel.  or  of  one  of  its  branches,  or  in  cascs  of 
aneurism.  It  or  one  of  its  chief  subdivisions  used  frequently  to  he  selected  for  the 
now  rare  opcration  of  artcriotomv.  The  vessel  never  hfecomes  very  superficial  imme- 
diately  after  cnu-rj^iniif  from  beneath  the  upp)er  part  of  the  parotid.  In  the  first  f)or- 
tion  of  its  track  of  ascent  its  pulsations  are  difficult  to  perceive.  In  the  presence  of 
the  least  svvcllinir  of  the  rcgion  they  become  incapable  of  ser\'injT^  as  a  guide  for  the 
incision  TP^irabonf). 
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Ligation.  — The  skin,  supcrtici^l  fascia,  and  some  libres  of  the  attrahens  aurem 
muscle  are  divided  fur  un  iiicli  on  a  venical  line  between  thc  tragus  and  thc  condvle 
of  the  mandible,  a  little  nearer  the  latter.  Thc  artery  will  be  found  closely  bound  by 
connective-tissue  bands  to  the  temporal  apuneurosis. 

THE  INTERNAL  CAROTID  ARTERV. 

The  internat  carotid  (Figs.  693,  695)  is  the  second  terminal  branch  of  the  com- 
mon  carotid,  from  which  it  arises  on  a  li.-\cl  w-ilh  the  upper  border  of  the  thjroid 


cartilane.  In  thc /fr.t/  »r  iYt--iiai />orlion  of  its  courst  it  liesupon  thc  outer  side  of  the 
evtcrnal  caroti<i.  biit,  as  it  pasM-s  iipvvard.  it  conn's  to  lic  behind  and  then  interna! 
to  that  vcsscl,  friini  whidi  it  is  se]>aratL-<t  by  thc  stylo-hyoid.  diKastric,  and  sty1o- 
pharynt;ciis  miisclos.  It  ]>;issfs  nlimmt  vcrticallv  np  thc  neck  to  the  entrance  tO  the 
carotid  caiial,  r^slin;;  ]iiisti.-riijrh-  un  thc  pr<-\'crtci.ral  fascia  covering  the  rectus  capitis 
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anticus  major,  and  having  upon  its  median  side  the  wall  of  the  phaiynx  and  laterally 
the  intemal  jugular  vein,  between  which  and  the  artery,  and  on  a  plane  slighdy  pos- 
tenor  to  both,  is  the  pneumogastric  nerve.  It  is  also  in  relation  in  the  upper  part 
of  this  cervical  portion  of  its  course  with  the  glosso-pharyngeal  nerve,  which  lies  at 
first  behind  it.  but  crosses  its  extemal  surface  lower  down  as  it  bends  fonvard  towards 
the  tongue,  and  with  the  superior  sympathetic  gangUon,  whose  cardiac  branch 
descends  along  its  internal  surface,  while  the  pharyngeal  branches  cross  it  and 
the  carotid  branch  ascends  with  the  artery  to  the  carotid  canal,  in  which  it  breaks 
up  to  form  the  carotid  plexus. 

In  the  second  or  petrosal  portion  of  its  course  the  internal  carotid  traverses  the 
carotid  canal,  to  whose  direction  it  conforms,  passing  at  first  vertically  upvvard  and 
then  bending  so  as  to  run  fonvard  and  inward  to  enter  the  cranial  cavity  at  the 
foramen  lacerum  medium. 

It  then  enters  upon  the  third  or  intrncraniai  portion  of  its  course,  ascending  at 
first  towards  the  posterior  clinoid  process,  but  soon  bending  fonvard  and  entering  the 
outer  wall  of  the  cavemous  sinus.  In  this  it  passes  fon^-ard,  accompanied  by  the 
sixth  nerve  (abducens),  and  at  the  level  of  the  anterior  clinoid  process  bends  upward, 
pierces  the  dura  mater,  and  quickly  divides  into  its  terminal  branches. 

Branches. — Throughout  its  cervical  portion  the  intemal  carotid  normally  gives 
ofi  no  branches,  in  its  petrosal  portion,  m  addition  to  some  small  t\^'igs  to  the  p>eri- 
osteum  lining  the  carotid  canal,  it  gives  origin  to  (i)  a  tympanic  branch.  In  its 
intracranial  portion,  in  addition  to  small  branches  to  the  walls  of  the  cavemous  sinus 
and  the  related  cranial  nerves,  to  the  Gasserian  ganglion,  and  to  the  pituitary  body, 
there  arise  (2)  anterior  ineningeal  branches ^  (3)  the  ophthalmic,  {^) posterior  commu- 
niccUing,  (5)  anterior  choroid  arteries.  And,  finally,  its  terminal  branches,  (6)  the 
tniddle  and  (7)  the  anterior  cerebral  arteries, 

VarUtions. — In  its  cervical  portion  the  intemal  carotid  occasionally  takes  a  somewhat 
sinuous  course,  and,  especially  in  its  upper  part,  may  be  throun  into  a  pronounced  horseshoe- 
shaped  curve.  It  may  give  nse  to  branches  which  nonnaIIy  spring  from  the  extemal  carotid, 
as,  tor  example,  the  ascending  pharyngeal  and  the  lingual,  and  accessor>'  branches  may  arise 
from  its  intracranial  portion. 

Practical  Considerations. — ^The  intemal  carotid  artery,  on  account  of  its 
deeper  position,  is  not  so  often  wounded  as  the  extemal  carotid.  It  has  been  punc- 
tured  through  the  pharynx  and  has  been  wounded  in  tonsillotomy  (page  1608). 

Aneurism  of  the  internal  carotid  is  not  common.  When  it  involves  the  petrosal 
or  intracranial  portion  of  the  vessel  it  causes  symptoms  referrible  to  those  regions 
and  better  dealt  with  after  the  venous  system  has  been  dcscribed  (page  873).  In 
its  cervical  portion  it  shows  a  tendency  to  become  tortuous  in  elderly  persons, 
oving  doubtiess  to  its  fixity  above,  where  it  enters  the  carotid  canal,  and  to  the  rela- 
tive  lack  of  fixation  below  (Taylor). 

As  the  artery  is  crossed  externally  by  the  dense  layers  of  the  deep  cervical 
fascia,  and  by  the  stylo-hyoid,  stylo-glossus,  stylo-pharyngeus,  and  digastric  mus- 
cles,  the  progress  of  a  swelling  in  this  direction  is  strongly  resisted.  Intemally  the 
middle  constrictor  and  mucous  membrane  of  the  phar)'nx  offer  far  less  obstruction  to 
the  extension  of  the  aneurism,  and  in  many  of  the  recorded  cases  a  pulsating  pha- 
ryngeal  protrusion  has  been  the  chief  symptom.  The  effects  of  pressure  on  surround- 
ing  stmctures,  the  internal  jugular  vein,  and  the  pneumogastric  and  svmpathetic 
nerves,  for  example,  are  not  unlike  those  obsen'ed  in  other  carotid  aneurisms.  The 
direct  interference  with  cerebral  circulation  is  greater  in  aneurism  of  the  internal 
carotid,  and  vertigo,  headache,  drowsiness,  etc. ,  are  apt  to  be  more  conspicuous  as 
early  symptoms. 

Ligation.  — The  vessel  mav  be  reached  close  to  its  origin  and  tied  through  the 
same  incision  as  that  used  in  ligating  the  extemal  carotid  (page  733).  The  stemo- 
mastoid  musclc  is  (lra\vn  outward,  the  digastric  muscle  and  hypoglossal  nerve 
(which  are  usuallv  scen)  upward,  and  the  external  carotid  arterv  inward.  The  two 
vessels  shoiikl  be  carefuliv  distinguished.     The  needle  should  be  passed  from  with- 
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out  inuard,  avoiding  thc  internal  ju^lar  veJn,  tlie  pneumo^rastric  and  sympathetic 
nerves,  and  the  asccntiing  piiaryngeal  and  (.■xternal  carotid  arteries. 

The  collatcral  firatialioii  is  carricd  on  through  the  verttbrals  and  the  vessels  of 
the  circie  of  Wiliis  and  is  freely  re-established, 

I.  The  Tympanic  Artery. — The  tympanic  artcrv  (ramus  caroOcotjmpaal- 
cus )  is  a  small  \'esscl  w  hich  arises  (roni  the  petrosal  portion  of  the  internal  carotid. 
It  passes  throujjh  a  Joramen  in  the  waH  of  the  carotid  canal  to  supply  the  mucous 
membrane  of  the  middte  ear,  anastomosing  with  thc  Ijmpanic  branches  of  the  stylo- 
mastold  and  internal  maxillary  arteries. 

Fig.  696. 


val  of  roof  of  orbiL 


2.   The    Anterior    Meningeal   Arteries. — The   anterior  meningeal  arteries— 

are  a  niuiit>t-r  of  small  hrandiin  which  arise  from  the  intracrania!  portion  of  the  inter- 
nal carotiil  and  are  supplitd  to  the  neij,'hborinj:  dura  mater,  anastomosing  with  the 
l>ranclK-s  nf  ihe  anterinr  rainiis  i-f  the  iniddle  nii-ningeal  artery. 

T,.  The  Ophthalmic  Artery,— Thc  oplithalmic  arterv  fa.  opbthalmica )  (Figs. 
696.  (h)-  i  aris<-s  froni  the  internal  carotid  innncdiatdv  after  it  has  issued  from  the  roof 
of  tht  ravemons  sinns.  It  |assi-s  famard  ln;noath  thc  optic  ner\e  and  traverses  the 
optir  ftjramen  vvith  that  strintnro.  In  the  orbit  it  ascends  to  the  outer  side  of  tbc 
oplic  niTvc  and,  crossiiig  ovtr  ic,  passes  in  a  sinuous  course  tovvards  the  inner  wall 
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[)f  the  orbit,  along  which  it  runs  between  the  superior  oblique  and  internal  rectus 
muscles  to  the  inner  angle,  where  it  terminates  by  dividing  into  pa/pebral,  frontal^ 
md  nasal  branchcs. 

Branches. — (a)  The  arteria  centralis  retin«  arises  from  the  ophthalmic  uhile  that  vessel 
s  stili  below  the  optic  nerve.  It  runs  foruard  along  the  under  surface  of  the  nene  to  a  point 
ibout  15  mm.  from  the  posterior  surface  of  the  eye,  uhere  it  passes  into  the  substance  of  the 
lerve  and  continues  its  course  foruard  in  the  centre  of  that  structure.  Arrived  at  the  retina, 
iie  arter>'  divides  into  two  main  branches,  one  ascending  and  the  other  descending,  and  these, 
^ranching  repeatedly,  form  an  arterial  net\vork  upon  the  surface  of  the  retina.  The  finer 
branches  of  the  net-work  extend  deeply  into  the  .substance  of  the  retina,  although  none  reach 
:he  layer  of  visual  cells.  They  pass  over  directly  into  the  corresponding  veins  without  making 
ronnections  with  any  of  the  other  arteries  suppHed  to  the  eyeball.  Just  after  its  entrance  into 
the  eyeball,  however,  the  main  stem  of  the  arter>'  anastomoses  with  the  short  ciliar>'  vessels. 

(^)  The  ciliary  arteries,  uhich  are  distributed  to  thechoroid  coat,  the  ciliar>'  processes,  and 
the  iris,  are  someuhat  variable  in  their  number  and  origin.  Two  .sets  are  distinguishable,  and 
are  named  from  their  relative  position  the  posterior  and  anterior  ciliar>'  arteries. 

{aa)  Th^ posterior  ciliary  arteries  (aa.  ciiiares  posteriores)  arise  from  the  ophthalmic  arter>' 
as  it  crosses  over  the  optic  nerve,  either  as  two  trunks  which  pass  foruard,  the  one  on  the  inner 
and  the  other  on  the  ouler  side  of  the  optic  nerve,  or  else  as  a  variable  number  of  small  vesseKs. 
Eventually  the  vessels  break  up  into  from  ten  to  twenty  branches,  uhich  surround  the  distal 
portion  of  the  optic  nerve,  and,  piercing  the  sclerotic,  are  distributed  to  the  choroid  coat  of  the 
eye.  Two  of  the  vessels,  lying  one  on  either  side  of  the  optic  ner\e,  are  usually  stronger  than 
the  others,  pierce  the  sclerotic  some  distance  nearer  the  equator  of  the  eyeball,  and  are 
lermed  the  ionjs^  posterior  cHiary  arteries  (aa.  ciiiares  posteriores  longae).  They  pass  foruard 
bctween  the  sclerotic  an<l  choroid  coats,  send  branches  to  the  ciliar>'  muscle,  and  divide  at  the 
peripheral  border  of  the  iris  into  two  stems,  which,  passing  around  the  iris,  unite  uith  their 
fellours  of  the  opposite  side  and  uith  branches  of  the  anterior  ciHary  arteries  to  form  the 
circuius  arteriosus  iridis,  from  uhich  branches  radiate  to  the  iris  and  the  ciliar>'  processes. 

(dd)  The  anterior  ciiiary  arteries  (aa.  ciiiares  anteriores)  usually  take  their  origin  from  the 
muscular  branches  of  the  ophthalmic  and  accompany  the  tendons  of  the  recti  muscles  (tuo 
arteries  being  associated  with  ejich  muscle,  except  in  the  čase  of  the  extemal  rectus,  where 
there  is  only  one)  to  the  sclerotic,  uhere  they  send  ofT  perforaling  branches  uhich,  after 
piercing  the  sclerotic,  unite  uith  the  long  ciliaries  to  form  the  arterial  circle  of  the  iris.  The 
main  stems  are  continued  onuard  touards  the  margin  of  the  comea,  uhere  they  divide  and 
anastomose  to  form  a  narrou-  net-uork  surrounding  that  portion  of  the  eyeball  and  also  give 
branches  to  the  conjunctiva.  An  anterior  ciliar>'  vessel  is  frequently  contributed  by  the 
lachr>'mal  arter>'. 

(r)  The lachrjrmal  artery  (a  lacrimalis)  arises  from  the  ophthalmic  as  it  i>asses  upuard  over 
the  extemal  surface  of  the  optic  nerve  and  passes  foruard  and  outuard,  in  company  uith  the 
lachr>'mal  nerve,  along  theupper  border  of  the  extemal  rectus  muscle.  It  traverses  the  substance 
of  the  lachr>'mal  gland,  to  which  it  gives  branches,  and  terminates  in  small  branches  to  the  eye- 
lids.  In  its  course  it  gives  ofT  a  number  of  small  tuigs  to  the  external  rectus  muscle  ;  a  menin- 
geal branch,  uhich  passes  back  into  the  cranium  ihrough  the  sphenoidal  fissure  and  anasto- 
moses uith  the  middle  meningeal ;  and  a  maiar  inranch,  uhich  passes  to  the  temporal  fossa 
through  a  small  canal  in  the  malar  bone  and  anastomoses  with  the  anterior  deep  temporal  and 
the  transverse  facial  arteries. 

(</)  The  muscular  branches  (rami  musculares)  are  someuhat  irregular  in  their  number  and 
origin.  Usually  there  are  tuo  principal  stems  and  a  variable  number  of  small  tu  igs,  but  occa- 
sionally  the  tuo  principal  stems  arise  by  a  common  trunk.  \Vhen  the  tuo  are  distinct,  the  in- 
ferior  one  arises  close  to  the  lachrymal,  and  is  distributed  to  the  inferior  and  internal  recti  and 
the  inferior  obliciue  muscles  ;  u  hile  the  superior,  smaller  and  less  constant,  arises  after  the  oph- 
thalmic has  crossed  over  the  optic  ner\'e.  and  is  di.stributed  to  the  superior  and  extemal  muscles 
of  the  orbit.  In  adclition  to  branches  to  the  muscles,  these  arteries  also  give  origin  to  the 
anterior  ciliar>'  arteries  clesrrilK-d  alx>ve. 

(^)  The  supraorbital  artery  (a.  supraorbitalis)  arises  as  the  ophthalmic  passes  over  the  optic 
nerve.  It  is  at  first  direrted  upuard.  and  then  passes  foruard  lxftueen  the  inriosteum  of  the 
roof  of  the  orbit  and  tlu-  kvator  palpebrie  superioris,  and.  making  its  exit  from  the  orbit  through 
:he  supraorbital  notch  or  foram<n.  terminates  in  branches  uhich  ascend  over  the  frontal  bone 
towards  tlK-  vertex  of  tlu-  skull,  supi)lying  the  integument  and  iK-riosifum  mid  anastomosing 
*-ith  the  sujK-rfK  ial  icniponil  arlerv.  In  its  course  through  the  orbit  it  gives  oflF  i>eriosteal, 
iiploic,  anti  miiscuKir  tui.i^s,  and,  after  its  exit  from  the  supraori>ital  notrh,  a  palpebral  branch 
to  the  ui)per  evrlid. 

(/)  The  cthmoidal  arteries  are  tuo  !n  numl)er.  and  arise  from  the  ophthalmic  as  it  passes 
along  the  inner  u  ali  of  the  orbit.     The  posterior  ethmoidal  (a.  ethmoidalis  posterior) ,  uhich  is  the 
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smaller  and  Icss  cunslant  of  the  two.  passes  through  the  posterior  ethmoidal  foramen  and  Ls. 
distributrd  tu  thc  mucuus  membnine  lininK  ihe  poslcrior  cihmuidal  cells  and  the  upper  pustr- 
rior  |>arl  of  the  nasal  srptum,  »hcre  it  anastumuses  with  thc  sphcno-palatine  bninch  uf  Uk- 
intemal  ma-tillarv.  [t  sometimes  arises  irom  the  supraorbital  aner>'.  The  antcTioT  cthmaidal 
la.  ethmviibMs  sDterisr)  passes  thnjugh  the  anicriur  ethmoidal  foramen  along  wilh  thc  nasai 
iierM:',  anJ.  cnttring  the  cranium.  pass«s  for»-ard  over  the  tribriform  plate  of  the  ethmoid  to  the 
iiasal  stit  M  the  side  ul  the  l-tisLl  galli.  Thruugh  this  slit  il  enters  the  nasal  ca\'ity  and  pass«s 
downunrd  in  a  gri.<o\e  U}x>n  thc  unikr  suriace  of  the  nasal  bone,  supplying  the  nasal  miicous 
n)embr<me.  \\'hi1e  »ichin  the  cruiium  it  g^v*n  od  a  small  meningeal  t»'anch  to  the  dura  mater 
lil*  the  anterior  jiurtion  oi  the  >:ranium.  and  it  aisu  sends  branches  to  the  mucous  membnine 
lining  the.iinteriur  aciJ  midiJIe  ethmoidd  cclls  and  thc  fruntal  sinuses. 

I  g)  The  palpebral  branches  •  aa.  palpebnl«  ntilialcs)  are  two  in  number,  and  are  distrib- 
utrJ  to  the  uppcr  ;ind  KmcrcvcUds  rcspecti\cK .  Thev arise  opposhe  the  pullej- of  thestipcrior 
ub1l<iue  muscle  .mil  ilesornit  tuuariJs  the  inner  cunthus  of  the  eve.  Each  arterj-  then  bendsout- 
ward  towurds  the  imter  c.inthus  aloi^  the  frce  burdcr  of  ihe  tid.  bet»-een  the  tarsal  cartilage 
and  the  orbicuhuis  muscle.  forming  thc  palpebrjl  archcs  t  arau  larseus  superior  el  im/rrior  i. 

Fig.  697. 


froni  ttliith  branches  pabs  upward  or  dtmnuard,  as  ihe  tase  may  be,  to  supply  the  oibiculai— — 

the  MeiUimian  Kla"<li.  and  the  inteKiimcnt  of  the  lid.     As  they  approach  the  OUttr  canthus,  th-*  ■*■" 

iirrhi"!  aiiJisliimiisir  «ilh  the  piil|>el>riil  branrhes  of  the  lachrymal  artenv  _^ 

(A)  Thi- frontal  br«nch  la.  fronullsl  is  usuallv  small.  anii  is  distrihuted  to  the  integumer«  -^^ 
over  tht-  Kl'i'f"''  "nil  lii  the  iiyr:imidalis  naši  and  frontalis  miiscles.  It  aiso  sends  some  InijgT  **^ 
to  thc  (■y<-liiU.  , 

(/)    rlienaBBlanery  (a.  dnrMlIiinaiii)  is  Ihe  Ime  terminal  l)ranch  of  the  ophthalmic     [ 
(Kissi-s  iU>winv;in1  in  the  aiigle  formed  hy  Ihe  niise  and  the  lower  evelid  and  becomes  direal*^^ 
nmliniHms  with  Ihe  anjriiliir  ]x>rtii)n  nt  ihi-  faci:d  artery      In  its  coursc  il  gives  branches  tO  tb^f^" 
»■alls  of  tile  laclirvnial  sacanii  tii  tln-  inlt-trjmeiil  <if  the  rool  iif  the  noše. 


Anastomoses.  Thc  pririn|>:il  conimunications  of  the  ophthalmic  art«>' a 
wilh  thc  sii|n-rtinal  Icmporal,  intcrniil  iiiaxiliary,  and  facial  branches  of  the  ext«Ti 
rarotiii.  \\'itti  tln'  IJrst  <if  tlusi-  it  conimiinicaics  c.vti.-nsivdv  by  means  of  the  supnw 
nrliiial  liraiich  and  Icss  imiMirtanllv  ihrcniKh  thc  anastomosis  oif  the  malar  brandi  <.»• 
thf    laclirynial  witli  the  transvcrsc  (acial  aricrv.      It  makes  a  very  impoitant  anasU>- 
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mosis  with  the  middie  meningeal  branch  of  the  internal  maxillary  through  the  lachry- 

mai  branch,  and  communicates  also  with  the  spheno-paladne  artery  by  means  of  the 

ethmoidal  branches.     The  anastomosis 

of  the  nasal  branch  with  the  angular  ar-  Fig.  698. 

tery  hom  the  facial  is  also  a  large  a 

two  vessels  being  practically  c 

Variations. — In  addition  In  Ihe  varia- 
tione  iii  the  numt)er  and  orisins  of  its 
branches,  the  ophthalmic  artery  also  presents 
variationsmitscourse,  in  that,  insteaaof  pass- 
ing  to  the  inner  wal1  of  the  orbit  abu\'e  the  op- 
tic  nerve.  it  sometimes  passes  beloiv  ihat 
stnictiire.  The  most  RtrikinK  varialion  which 
it  presents,  however,  is  iis.sociated  with  the 
development  of  the  branch  of  the  Iachrymal 
anery,  which  passes  back  through  the  sphe- 
noidal  fissure  to  anastomose  with  the  middie 
meningeal  (Fig.  6981.  ( )ccasionaUy  this 
branch  becomesexceplionallvlan^an<Iforms 
the  main  stem  of  the  lachn-maf  artery,  the 
connection  of  that  \-essel  with  the  ophthalmic 
vanbhing,  so  that  it  seems  to  be  a  branch  of 
the  middie  meningeal.  A  further  step  in  this 
process  which  sometintes  occurs  results  in  ihe 
origin  of  the  entire  ophthalmic  system  of  ves- 
sels  from  the  middie  meningeal  artery. 

4.  The  Posterior  Communicating  Artery.— The  posterior  communlcating 
artery  (a,  comrauaicans  posterior)  (Fig.  702)  arises  from  the  posterior  surface  of  the 
Fig.  699. 


It   is  Hirfctctl  backward  beneath  the 
cerebri,  and  torminatcs  posteriorlv  by 
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oijeniiiK  directly  into  the  posterior  ccrebral  artery.      In  its  course  it  gives  off  tttigs 
to  thc  tuber  cinereuin,  the  corpora  albicantia,  and  the  crus  cerobri. 

5,  The  Anterior  Choroid  Artery. — The  anterii>r  choroid  artery  ( a.  choroi- 
dca)  (Kij;.  702)  arises  froni  the  [rastcrior  surface  oi  the  interna!  carotid,  slif;htly 
distal  to  thu-  i)osterior  communicatiiig  arliTy.  It  is  dirtcted  outward  an<l  bnclcward 
at  first,  and  then,  curving  upuard  bctwecn  the  brain-stem  and  the  temporal  lobe.  it 
gives  branches  to  the  hippocainpus  major.  It  is  then  continued  upward  and  for- 
ward  as  the  artery  of  the  choroid  plexus  of  the  lateral  ventricle,  and  anastomoses  at 
the  ioramen  of  Monro  with  the  artery  of  the  choroid  plexus  of  the  third  ventricle, 
which  comcs  froin  the  superior  cerebellar  branch  of  the  basilar  artery. 

6.  The  Middle  Cerebral  Artery. — The  middle  cerebral  artery  (a.  ccrebri 
media)  (Figs.  699,  702)  is  one  of  the  terminal  branches  of  the  internal  carotid.  It 
pas-ses  at  first  outward  to  the  lower  cnd  of  the  Sylvian  fissure,  and  is  then  directed 
backuard  and  upward,  lying  at  hrst  deeply  in  the  tissure  close  to  the  surface  of  the 


island  of  Reil,  bnt  jjraduallv  l>ecominjT  more  superficial  iintil  at  the  posterior  «- 
treniitv  of  the  horizontal  limb  of  the  fissure  it  reaches  the  surface  and  divides  into 
hranclies  which  raniify  over  the  lateral  surface  of  the  cerebral  heniisphere. 

Branchea.— In  iw  course  oiituard  ti>  enler  the  Sylvian  fissure  il  pvesoff  a  number  of  snuO 
central  branches  which  penelrnte  the  substance  of  the  cerebral  hemisphere  at  Ihe  anterior  p«^ 
fi.rattil  s|ta(c,  and,  as  Iht  striate  arterit-s,  snpply  the  corpus  striatuni.  These  aniervtalfral 
nang/inuii-  hrancliM.  as  thev  are  nflen  cnlled,  are  arratiKcd  as  two  groups  :  («1  the  intonal 
■triate  aiteries,  uhioh  pass  upwarcl  (hr.iuKh  the  kntkular  nueleus  (ulohus  pallidus)  and  tte 
inlernul  lapMilt-  and  iml  in  lin-  ran<lat<:  niiiltns.  su|>pl>-inE  thc  anterior  jiart  of  the  structuict 
traversed  ;  ( A 1  thu  extemal  striaie  arterie«,  uhich  aftir  travcrsinE  the  piilanun  and  thtr  iniereti 
cajKiik-  It-rniinau-  in  eitln-r  the  camlate  niicleus  or  the  uplic  th;il;innis.  One  of  Ihe  fonDcr 
(Iriiti.iiio-shiat,^  vcssek,  whr<ii  passes  arouiid  the  onter  iMiriU-r  iif  Ihf  lenticiilar  nucleus  before 
traversin«  il-i  siilMtanci-,  i-;  larpT  Ihan  the  others  and.  since  it  freinientlv  nipturt-s.  is  knouTi  0 
.  the  artfrv  of  efirhral  hfiiiorrhae,-.  \Vhile  in  tlie  Svbiaii  ti-i-inn.-  tlii-  miiidle  ciTt-bral  arter* 
|l[K-esi.ff  nnni.r..us  bran<-ti.-s  1..  tl»- ri>r1e>:  i.i  \\w  isl.ind  ■•(  Rvil  an.l  c.mlimn-s  intn  the  conkJ 
ItnnchcB,  whieh  are  distril>titi-d  lu  tlie  Literal  siirf.ice  of  llie  hcnii>phere  and  are  usi)al1y  fnira 
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number.  (a)  The  infcrior  frontal  is  distributed  to  Ihe  inferior  front<il  convolutions.  (d)  thc 
ascending  frontal  passes  to  the  lower  portioii  of  the  asceiiding  frontal  convolution,  (r)  the 
parietal  supplies  the  vvhole  of  the  ascending  parietal  convolution  and  the  neighboring  portions 
of  the  inferior  parietal,  and  (d)  the  parieto-temporal  passes  to  ali  the  convolutions  around  the 
posterior  limb  of  the  fissure  of  Sylvius. 

7.  Thc  Anterior  Cerebral  Artcrjr. — The  anterior  cerebral  artery  (a.  cerebri 
anterior)  (Fig.  7Cmd)  is  the  smaller  of  the  terminal  branches  of  the  internal  carotid. 
It  passes  fon\'ard  above  the  optic  chiasma  to  the  anterior  end  of  the  great  longitudi- 
nal  fissure,  and,  bending  upward  around  the  rostrum  of  the  corpus  callosum,  is  con- 
tinued  backward  along  the  medial  surface  of  the  cerebral  hemisphere  to  the  posterior 
portion  of  the  parietal  lobe.  At  its  entrance  into  the  great  longitudinal  fissure  it  is 
connected  with  its  fellow  of  the  opposite  side  by  a  short  transverse  vessel  termed 
the  anterior  communicating  arterjr  (Fig.  702). 

Branches.— I mmediately  after  it  has  crossed  the  optic  chiasma  the  anterior  cerebral  artery 
gives  ofT  a  number  of  small  central  branches  (antero-mesiai  ^anglionic) ,  which  penetrate  the 
base  of  the  brain  and  are  distributed  to  the  lamina  cirierea,  the  rostrum  of  the  corpus  callosum, 
the  septum  lucidum,  and  the  tip  of  the  caudate  nucleus.  Throughout  its  course  in  the  great 
longitudinal  fissure  it  gives  branches  to  the  corpus  callosum  and  also  cortical  branches  to  the 
medial  and  lateral  surfaces  of  the  cerebral  hemisphere.  These  branches  are  {a)  the  orbital, 
which  vary  in  number  and  are  distributed  to  the  orbital  surface  of  the  frontal  lobe,  also  sup- 
plying  the  olfactory  bulb ;  (b)  the  anterior  internal  frontal,  \vhich  supplies  the  anterior  and 
Iower  part  of  the  marginal  convolution  and  sends  branches  to  the  lateral  surface  of  the  hemis- 
phere supplying  the  superior  and  middle  frontal  convolutions  ;  (r)  the  middle  internal  frontal, 
which  is  distributed  to  the  middle  and  posterior  parts  of  the  marginal  convolution  and  to  the 
adjacent  portions  of  the  superior  and  ascending  frontal  and  ascending  parietal  convolutions  ; 
and  (d)  the  posterior  internal  frontal  or  quadrate,  which,  in  addition  to  sending  branches  to  the 
corpus  callosum,  supplies  the  quadrate  lobe  and  the  upper  part  of  the  suf)erior  parietal  convo- 
lution. These  branches  anastomose  u\yon  the  inferior  and  lateral  surfaces  of  the  hemisphere 
with  the  branches  of  the  middle  cerebral  aner>',  the  main  stem  of  the  arter>*  anastomosing 
posteriorly  \vith  branches  of  the  posterior  cerebral. 

Anastomoses  of  the  Carotid  System. — Although  the  majority  of  the 
anastomoses  of  the  branches  of  the  carotid  arteries  are  with  one  another,  yet  there  is 
a  sufficient  amount  of  communication  with  other  vessels  to  allo\v  of  the  establishment 
of  a  collateral  circulation  after  ligation  of  the  comnion  carotid  of  one  side.  The  con- 
nections  which  are  availahle  for  the  circulation  in  such  a  caše  are  as  follows.  (i) 
There  is  abundant  communication  between  the  branches  of  the  right  and  left  external 
carotids  across  the  median  line;  (2)  the  anterior  communicating  artery  forms  an 
important  communication  betvveen  the  internal  carotids  of  opposite  sides ;  (3) 
anastomoses  exist  betvveen  the  ascending  cer\'ical  branch  of  the  inferior  thyroid,  the 
suf>erficial  cervical  branch  of  the  transversalis  colli,  and  the  deep  cer\'ical  branch  of 
the  superior  intercostal,  on  the  one  hand,  ali  of  these  being  branches  of  the  sub- 
clavian  artery,  and  the  a.  princeps  cer\'icis,  a  branch  of  the  occipital  artery  ;  (4) 
abundant  Communications  exist  between  the  terminal  branches  of  the  inferior  thvroid 
from  the  suhclavian  and  the  superior  thvroid  from  the  external  carotid  ;  and,  finally, 
(5)  by  means  of  the  posterior  communicating  arterv  the  internal  carotid  may 
receive  hiood  from  the  posterior  cerebral  arterv,  which,  through  the  basilar  and 
vertebral  arteries,  helongs  to  the  subclavian  system. 

THE  SUBCLAVIAN  ARXERY. 

In  the  primarv  arrangement  of  the  branchial  hlood -vessels,  while  there  are  tw'o 
aortic  arches  (  V\)r.  678),  the  t\vo  suhclavian  arteries  arise  svmmetricallv  from  these 
arches  as  lateral  segmenta!  hranclu^s  corrc*sponding  to  the  seventh  cer\'ical  segment. 
With  the  clis;i|)f)earanrc  of  the  lo\ver  portion  of  the  right  arch,  ho\vever,  an  apparent 
lack  of  svmmetrv  in  tluir  origin  su|)er\enes,  the  vessel  of  the  right  side  arising  from 
the  innominate  strm,  \vliik-  that  of  the  left  side  springs  directlv  from  the  persist- 
ing  aortic  arch.  .As  a  niatter  of  fact,  ho\vever,  the  proximal  |)ortion  of  the  right  aortic 
arch  is  represcnted  bv  the  innominate  stem.  together  \vith  a  small  {>ortion  of  the 
proximal  end  of  the  right  subclavian  arterv,  sti  that  the  original  morpholog^cal  sym- 
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metry  is  retained  ;  but,  since  a  portion  of  the  original  right  aortic  arch  is  tncluded  in 
the  adult  right  subclavlan.  this  vesscl  is  a  little  more  than  equivalent  to  its  feUow 
of  the  opposite  side.  Furthermore,  since  the  innominate  stem  ascends  dircctlj' 
tipvard  from  jts  origin,  a  topofjraphical  asymmetry  of  the  two  vessels  results. 

The  origin  of  the  rigkl  subciavian  is  opposite  the  right  stemo-ctavicular  articula- 
tion,  and  from  that  point  the  artcry  ascends  upward  and  outward  in  a  gentlc  ciir\-e 
over  the  dome  of  the  pleura  to  the  inner  Imrder  of  the  scalenus  anticus.  The  »rif^in 
of  the  left  subciavian  is  from  the  termination  of  the  transverse  portion  of  the  aortic 
arch,  and  is  conscquentlj'  much  dceper  in  the  thorax  (Fig.  690).  From  its  ori^n 
it  ascends  at  first  almost  vertically  and  then  curves  outward  and  slightly  forward  to 
rcach  the  inner  border  of  the  scalenus  anticus.  From  this  point  on»ard  the  course  of 
the  two  arteries  is  the  same.  Passing  l^ehind  the  anterior  scalene  muscie,  each  artery 
continues  its  course  outward  across  the  root  of  the  neck,  cuning  dow-nward  to  the 
outer  border  of  the  first  rib,  at  which  point  it  becomes  known  as  the  axillarj-  arterj*. 

Fig.  701. 


l>ii»«tion  ot  neik,  »hcminr  relaiionsolhlood-v»«i«l««nd  nervM;  clavide 
diuniculatca  from  slenmm  auil  tlnon  doirii. 

In  consequence  of  the  difference  in  origin,  the  right  subciavian  arter>-  is  usualr 
approximately  7.5  cm.  (,i  in, )  in  length,  or  alx>ut  one  inch  shorter  than  the  kk. 
In  its  course  across  the  root  of  the  neck  the  height  which  the  suliclavian  artCfr 
may  reach  varies  considerab1y  in  different  individuals  ;  in  some  it  ne\tT  rises  abmv 
the  clavicle,  while  in  others  its  highest  j>oint  may  be  from  2.5-3  t-"i.  (  i-i>4  ia.' 
abovi-  thatl>oue.  Most  frequently  it  reachesa  jKjintabout  1.3  cm.  (ij,  in.  )  abovedK 
clavitle.  this  highesl  i>oint  beinu  reached  as  it  passes  lieneath  the  scalenus  musck- 
As  it  commcnws  its  downw;ird  ccmrse  towards  the  first  rib,  the  artery  under^oe* 
miire  or  less  pronoiinced  diminiitinn  in  diameter,  which  persists  for  a  distance  of  fre« 
0.5-1  cm.,  and  is  followe(i  by  an  enlar^ement  ti>  abimt  its  original  size,  what  to 
becn  tcrmcd  an  arterial  isthmiis  and  spindle  thiis  resuking  (|>age  720). 

Relations. — l"..r  convenience  in  descriplion,  the  subciavian  artt.Ty  is  usualh 
regarded  iks  consisting  of  thni- [Mirtions.  The  first  portion  cstonds  from  its  ofieii 
to  the  inner  etige  of  the  scalenus  anticus,  the  second  ix>rtion  lies  l>ehincl  that  mtnob 
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while  the  third  portion  extends  from  the  outer  border  of  the  scalenus  to  the  con- 
ventional  termination  of  the  artery  at  the  lower  border  of  the  first  rib.  On  account 
of  the  diflference  in  their  origins,  the  relations  of  the  first  portions  of  the  right  and 
left  vessels  diflfer  somevvhat. 

The  first  portion  of  the  right  subclavian  artery  lies  behind  the  clavicular 
portion  of  the  sterno-cleido-mastoid,  and  is  crossed  /;/  front  by  the  internal  juj^ular 
and  vertebral  veins  and  by  the  right  pneumogastric,  phrenic,  and  superior  svmpa- 
thetic  cardiac  nerves.  Behind,  it  is  in  relation  vvith  the  transverse  process  of  the 
seventh  cervical  vertebra,  vvith  the  inferior  cervical  sympathetic  ganglion,  and  vvith 
the  right  recurrent  laryngeal  nerve,  which  winds  around  its  under  surface  from  in 
front.      Belou\  it  is  in  contiict  vvith  the  dome  of  the  right  pleura. 

The  first  portion  of  the  left  subclavian  artery,  at  its  origin,  is  deeply  seated 
in  the  thoracic  cavity  and  ascends  ahnost  vertically  through  the  sui>erior  mediastinum. 
Behhid,  and  somevvhat  medial  to  it,  are  the  oesophagus,  the  thoracic  duct,  and  the 
longus  colli  muscle,  and  at  its  emergence  from  the  thorax  the  lovver  cervical  sympa- 
thetic  ganglion.  Medial,  or  internal  to  it,  are  the  trachea  and  the  left  recurrent  laryn- 
geal  nerve,  and  laieral  to  it,  on  its  left  side,  are  the  left  pleura  and  lung,  vvhich  also 
overlap  it  in  front.  Near  its  origin  it  is  erossed  by  the  left  innominate  ( brachio-ceph- 
alic)  vein,  and,  shortly  before  it  passes  over  into  the  second  portion,  it  is  crossed  by  the 
internal  jugular,  vertebral,  and  subclavian  veins,  as  vvell  as  by  the  phrenic  nerve  and 
the  thoracic  duct,  the  latter  arching  over  it  to  reach  its  termination  in  the  subclavian 
vein.  The  left  pneumogastric  and  cardiac  sympathetic  nerves  dcscend  into  the 
thorax  in  front  of  it,  the  pneumogastric,  before  passing  over  the  aortic  arch,  coming 
into  contact  vvith  the  anterior  surface  of  the  vc^ssel.  As  it  emerges  from  the  thorax 
the  subclavian  lies  behind  the  clavicular  portion  of  the  sterno-cleido-mastoid.  In  the 
neck  it  rests  belovv  upon  the  dome  of  the  left  pleura. 

The  second  portion  of  the  subclavian  artery,  the  relations  of  vvhich 
and  of  the  succeeding  portion  of  the  vessel  are  the  siune  on  both  sides,  in  front 
is  covered  by  the  scalenus  anticus  muscle,  anterior  to  vvhich  and  on  a  slightly  lovver 
plane  is  the  subclavian  vein.  Behind  and  above  it  are  the  trunks  of  the  brachial 
plexus,  vvhich  separate  it  from  the  scalenus  medius,  and  hehnc  it  is  in  contact  vvith 
the  pleura. 

The  third  portion  of  the  subclavian  artery  lies  in  the  supraclavicular  fossa, 
and  is  covered  onlv  by  the  skin,  the  f)latysma,  and  that  part  of  the  deep  cervical 
fascia  vvhich  contains  the  external  jugular  vein  and  the  supraclavicular  branches  of 
the  cervical  plexus,  and  encloses  a  quantity  of  fatty  tissue,  in  vvhich  the  suprascapular 
artery  passes  outvvard.  Behind,  it  is  in  contact  vvith  the  scalenus  medius  and  the 
brachial  plexus,  and  above  it  are  the  brachial  plexus  and  the  posterior  belly  of  the 
omo-hyoid.  BeIou\  it  rests  upon  the  first  rib,  at  the  lower  lx)rder  of  vvhich  the  vessel 
becomes  the  axillary  artery. 

Branches. — Considerable  variation  exists  in  the  arrangement  of  the  branches 
of  the  subclavian,  but  in  vvhat  is  probably  the  most  frequent  arrangement  the 
branches  are  as  follovvs  : 

From  the  first  portion  arise  (i)  the  vertebral,  (2)  the  internal  mammar\\  (3) 
the  superior  intereostal,  and  (4 )  the  thvroid  a.vis  ;  from  the  second  portion  no 
branches  are  given  of!  ;  from  the  third  portion  (5)  the  transverse  eenneal. 

Variations. — The  variations  in  the  origin  of  the  subclavian  arterv'  ha  ve  alreadv  been  ronsici- 
cred  in  descrihinjj:  the  variations  of  the  aortic  arch  (pa^e  725).  Other  anomalics  occur  in  its 
relation  to  the  scalenus  anticus,  in  front  of  vvhich  it  sometimes  passes,  and  it  niay  also  traverse 
the  substance  of  the  muscle  obh(|uc*ly.  More  rarelv  the  arterv*  divides  at  the  inner  border  of  the 
muscle,  the  t\vo  brancht-s  so  fornu-d  continuing  onward  through  the  axilla  and  down  thi*  ami 
to  become  the  radia!  and  uhiar  artc-ries. 

Numerous  supiTnunit* rar\'  branches  mav  arise  from  the  suMavian.  These  mav  be  either 
(i)  accessorv'  to  ihe  brancfies  normallv  arising  from  the  arterv*,  sucli  as  an  a(Xessor>'  vertebral. 
an  accessor>'  internal  nianiniarv.  or  an  accessory  inferior  thvroid;  (2)  thev  mav  l>e  branches, 
such  as  the  long  thoracic.  dors^il  srapular.  subscapular,  and  the  anterior  and  iK)sterior  circuni- 
flexes,  whi(h  normallv  arise  troni  the  axillary  arterv',  but  have  secondarily  shifted  to  the  sub- 
clavian as  the  result  ot  the  enlargenient  of  anastomoses  which  thev  make  vvith  branches  of  that 
vessel ;  or  ( 3)  thev  mav  l)e  branches  to  neighboring  organs,  sucli  as  a  bronchial  or  a  i)ei:icar- 
dial  branch,  or  (H'casionally  the  thyroidea  ima  (page  729). 
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Practical  Considerations. — The  subclavian  artery  may  require  li^ation,  o   ^r"::»o^ 
account  of  štab  woiinds,  as  a  preliminarv'  to  the  removal  of  j^rowths — axillary  <«    *     ot 
scapular — f>r  to  an  interscapulo-thoracic  amputation.  or  in  cascs  of  axillar}'  or  su^jt^J"  «_A>- 
clavian    aneiirism,    or,    together   with    the    common    carotid    artery,    in    aortic   o*-_>       ot 
innominate  aneurism. 

On  the  surface  of  the  neck  the  subclavian  arterv  is  represented  by  a  cur\e-^i>  ".^^'e, 
convex  upward,  beginning  at  the  sterno-clavicular  articulation  and  ending  beneatll  ^  ^.sath 
the  middle  of  the  clavicle,  its  highest  point  being  on  an  average  about  five-eighth:  «-I  :m  iths 
of  an  inch  alx)ve  that  lxjne.  The  vein  is  lower,  is  in  front  of  the  artery  ( separate<»-:=*  3-  ted 
from  it  by  the  scalenus  anticus  muscle;,  and  is  usually  nearly  or  quite  under  cove -i:>'.^^ver 
of  the  clavicle. 

Aneurism  of  the  subclavian  is  more  frequent  on  the  right  side,  probably  bccaus»^^. 
of  the  greater  use  and  consequent  greater  exposure  to  strain  of  the  right  upp< 
extremity.  It  may  aflfect  any  portion  of  the  vessel.  but  the  third  portion — extemaFi m-x— nal 
to  the  scaleni,  where  it  is  least  supported  by  surrounding  muscles — is  most  comrg  g<Dm- 
monly  involved  either  primarilv  or  by  cxtension  of  an  aneurismal  dilatation  upwar#-M  .csard 
from  the  axiUary  or  do\vn\vard  from  the  arch  of  the  subclavian.  The  thoracis-n^.ndc 
portion  of  the  Icft  subclavian  is  never  the  primar^'  seat  of  aneurism. 

The  J)'w^/^;//^  are:  ku)  pain  or  numhuss  and  loss  of  paicir  in  the  arm  am«~~K.S3nd 
hand  from  pressure  on  the  brachial  plexiis  \  {b)  S7ie/ii)ij^  and  crdcina  of  the  arm  an«  M^m  mjsA 
hand  from  pressure  on  the  sulx:lavian  vein  ;  ko  hhtou^h  or  irrcj^uiar.  jrrkv  rrs^' '•^r-^res- 
piration  from  pressure  on  the  phrenic  nerve  :  Kd)  vertigo,  samnolcnce,  de/ccth '^"'^^'^iivf 
visiofi,  from  compression  of  the  internal  ju^ular  :  (f)  tumor,  usually  apj>earing  is  1  in 
the  posterior  inferior  cervical  triangle,  \vith  its  long  diameter  approximately  ])ara}l(»  V  £  -«llel 
with  the  clavicle,  ancl  extencling  up\\ard  and  out\\ard  ;  exceptionally  it  gro\i's  dowirx  •^«^n- 
ward,  but  this  is  rarc  on  account  of  the  resistance  oflered  by  the  clavicle,  the  firs=s"»  «^rst 
rib,  and  the  structures  filling  the  costo-clavicular  space. 

Digital  comprcssion  of  the  first  and  st-cond  portions  of  the  arter^'  is  practical!  I  E-*^ly 
impossible.      The   third   portion    mav   be   iniperfectly   occluded   by   making   stronr 
pressure  directly  back\vard  just  abo\e  the  clavicle.  a  little  external  to  its  middle. 
that  the  artery  may  be  flattened  out  or  narroued  against  the  scalenus  medius  muscl  I 
and  the  seventh  cervical  trans\ erse  process.      Much  more  eflectual  pre«^ure  may  b« 
made  at  the  siuue  point,  especially  if  the  tip  of  the  shoulder  can  Ik"  lo\vered  so  as  t« 
carry   the  clavicle  down\vard  and    make    the   upper  surface  of  the  first   rib  mor* 
accessible,  in  a  direction  downward,  back\vard,  and  imvard, — /.r. ,  in  a  line  nearly  o 
quite  perpendicular  to  the  plane  of  that  surface.     The  vessel  is  thus  compn 
against  it,  and  is  not  pushed  of!  of  it.     It  \vill  be  useful  to  recall  that  the  outer  borde:-^ 
of  the  scalenus  anticus  and  the  posterior  border  of  the  stemo-mastoid — the  latteL 
palpable  and  often  visible — are  approximately  on  the  same  line,  immediately  outsidc 
of  which  is  the  third  portion  of  the  vessel.      The  scalene  tubercle — the  elevation  01 
roughening  on  the  upper  surface  of  the  first   rib  l)et\veen  the  shallow  depression  foi 
the  subchnian  vein  and  the  deeper  groove  for  the  subclavian  arterv — gives  attach — 
ment  to  the  scalenus  anticus  and,  when  recognized,  ser\'es  as  a  valuable  guide  to  th< 
vessel. 

Ligation. — The  first  portion — between  the  origin  of  the  vessel  and  the  inner  si( 
of  the  scalenus  anticus — has  been  ligated  \vith  uniformly  fatal  results.  On  the  left 
si<le  it  is  so  situated  as  to  depth,  origin  of  branches — the  vertebral,  internal  mammary,- 
thyroid  axis,  and  superior  intercostal — and  contiguity  of  important  structures — the 
heart,  the  aorta,  the  pleura,  the  innominate  vein,  the  thoracic  duct,  the  pneumogastric, 
cardiac,  recurrent  larvngeal  and  phrenic  nerves — that  its  ligation  has  only  once 
Im-c-u  accomplished  (  Rodgcrs).  On  the  right  side  the  operative  procedure  is  some- 
what  IcNS  (lifficult,  but  man  v  of  the  relations  are  identical  (lide  supra),  and  the 
pro<*e(lnr('  is  stili  so  forinidahlc  that  its  drscription  is  included  in  some  works  on 
operati\c  snrj^rrv  onlv  lucause  tlu-  ligation  "afiords  good  practice  on  the  dead 
subjcit  "   '  Ja<-ol)soii  ). 

Th<"  strps  of  th«'  o|K  ration  are  the  same  as  those  in  ligation  of  the  innominate 
(pa^c  72«/ '  tiiitil  th<-  carotid  slK-ath  is  rrached  and  opened.  The  internal  jugular 
v<-in  and  |mriiino|Lia>lrir  lu-rvc  should  l>e  draun  aside  ( inward,  Agnew  ;  outward. 
Harucll )  and  thr  suIm  la\ian  rrco^nizcd.  sprinj^inj^  from  the  bifurcation  of  the  innom- 
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inate  at  an  acute  angle  with  the  carotid  and  dceper  by  the  full  diameter  of  the 
latter.  The  needle  should  be  passed  froin  below  upward,  while  the  pleura  is  gendy 
depressed  with  the  finger. 

The  second  poriion — behind  the  scalenus  anticus — has  in  a  few  cases  been  suc- 
cessfully  ligated  for  aneurism  external  to  it,  but  the  operation  does  not  require 
special  description.  It  is  identical  with  that  for  tying  the  third  portion,  with  the 
addition  of  more  extensive  division  of  the  clavicular  portion  of  the  stemo-mastoid 
and  a  partial  division  of  the  scalenus  anticus,  having  due  regard  to  the  position  of 
the  phrenic  ner\'e  on  the  inner  part  of  the  anterior  surface  of  that  muscle. 

The  third  portion — from  the  outcr  cdge  of  the  scalenus  anticus  to  the  lower 
border  of  the  first  rib— has  becn  frequently  and  successfully  ligated.  Thrce  methods 
may  be  described  : 

1.  By  the  first  and  usual  one  it  is  approached  by  a  transverse  incision,  parallel 
with  the  clavicle  and  extending  along  the  base  of  the  posterior  cerviail  triangle  from 
the  middle  of  the  clavicular  head  of  the  stemo-mastoid  to  the  anterior  border  of  the 
trapezius.  This  is  best  made  by  drawing  the  skin  down  and  incising  it  directly 
upon  the  bone,  in  this  way  easily  avoiding  the  external  jugular  vein.  The  platysma 
muscle  and  the  supraclavicular  nerves  are  divided  at  the  same  timc.  On  releasing  the 
skin  the  wound  will  be  placed  about  a  half-inch  above  the  clavicle.  The  shoulder  is 
then  well  depressed  so  as  to  lower  this  bone  and  increase  the  supraclavicular  space. 
The  deep  fascia,  which,  as  it  is  attached  to  the  superior  l)order  of  the  clavicle,  is  not 
pulled  down  with  the  skin  and  platysma,  is  then  divided,  the  extcrnal  jugular  vein 
drawn  aside  or  tied  and  cut,  the  loose  cellular  tissuc,  and  possibly  the  omo-hyoid 
aponeurosis,  scratched  through  or  cut,  and  one  or  the  other  of  four  landmarks  iden- 
tified  :  (a)  the  tensc  outer  cdge  of  the  anterior  scalene  muscle  or  (^)  the  scalene 
tubercle  at  the  insertion  of  that  muscle  into  the  first  rib,  the  arter}'  lying  just 
outside  these  on  the  rib;  (r)  the  first  rib  itself  traced  inward  with  the  finger  from  the 
outer  angle  of  the  wound  until  the  artery  is  reached  ;  (^)  the  lowest  cord  of  the 
brachial  plexus,  lying  immediately  above,  or  sometimes  slightly  overlapping  the  artery. 
The  cord  has  been  mistaken  for  the  vessel,  but  comprcssion  betvveen  the  finger  and 
the  rib  does  not  flatten  it  out,  as  in  the  čase  of  the  artery,  and,  of  course,  does  not 
arrest  the  radial  pulse.  The  tubercle  is  often  poorly  developed,  and  has  a  less  close 
relation  to  the  vessel  when  the  latter  rises  high  above  the  clavicle.  The  process  of 
cervicai  fascia  reaching  from  the  posterior  border  of  the  scalenus  to  the  sheath  of  the 
artery  may  be  so  tense  as  to  obscure  to  both  sight  and  touch  the  line  of  the  outer 
edge  of  the  muscle 

The  artery  is  cautiouslv  denuded,  čare  being  taken  to  avoid  injury  to  the 
pleura  or  to  the  subclavian  veirt.  The  transverse  cer\'ical  artery  is  usually  above 
and  the  suprascapular  arterv  below  the  line  of  incision.  The  phrenic  nerve  has 
been  known  to  pass  directly  over  the  third  portion  of  the  subclavian  (Agnew), 
and  the  possibility  of  the  presence  of  this  rare  anomalv  should  be  remembered. 
The  needle,  the  tip  kcpt  bet\veen  the  arterv  and  the  rib,  is  passed  from  above  down- 
ward,  and  from  behind  for\vard  and  a  little  inward.  In  the  čase  of  a  high  arch  of  the 
subclavian  the  third  p()rti(^n  is  nearlv  vertical,  and  it  \vould  then  be  more  correct  to 
speak  of  passing  the  needle  from  without  inward. 

2.  The  middle  of  the  clavicle  for  two  or  more  inches.  or  the  whole  clavicle,  may 
be  resected  subperiosteallv.  as  in  interscapulo-thoracic  amputations,  and  the  ap- 
proach  to  the  arterv  grcativ  facilitatcd. 

3.  By  stronglv  clevating — instead  of  depressing — ^the  shoulder  and  clavicle, 
using  the  arm  as  a  tractor.  the  arterv  mav  be  exposecl  by  an  incision  just  below  and 
parallel  with  the  middlr  of  ihe  clavicle.  A  portion  of  the  outer  edge  of  the  pec- 
toralis  major  and  sonit*  of  the  inner  deltoid  fibres  \vill  usuallv  have  to  be  divided, 
although  it  mav  1h*  possibK*  to  gain  sufficient  room  by  dniwing  the  margin  of  the 
former  muscle  inuanl  aiid  that  of  the  latter  outward.  The  cephalic  vein  dip[)ing  in 
through  this  intcrnuiscnlar  drpression  ^  Mohrenheim's  fossa)  to  join  the  axillary 
vein  must  be  avoidcd.  Thr  arterv  is  found  Iving  lK'tueen  thir  vein  internallv  and 
the  close  hundk-  of  llu*  cords  of  the  bnichial  plexus  externally.  The  point  at  which 
the  vessel  is  tied  is  s;ii(l  to  be  identical  with  that  at  vvhich  it  is  ligated  through  the 
usual  incision  ( I  )awharn  j. 
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(rf)  ThL-  poMcnor  spinal  ancry  (a  apinalis  poMcriar)  is  a  sk-nder  lessel  uhich  aiiiLsto- 
moses  beluu'  uilh  llie  posterjor  ascctidiii);  rnnius  of  the  uppennust  spiniil  brniich  friim  the 
cerviciil  iKirtioii  uf  the  vertebnil  anit  iorms  Ihc  uppennost  jvirt  of  Ihe  piisterior  spina!  arter)-. 

(r)  The  anterior  spinal  aiterT  {a.  spia>lliianttriar|,  niiich  larger  Ihan  Ihe  precMling,  nrises 
from  ihe  intier  siir/acr  of  Iht;  verte]ir;il.  a  shurt  djstaiice  iNrfore  the  lattor  uiiih-s  witli  JtR  IcUum- 
tu  furm  ihe  basilar.  It  pns.ses  d(iwnward  and  towar<Ls  d)e  \'eniral  niedinn  Ihie.  and  unites  with 
its  (ellou'  to  iorni  a  sinile  nitdian  lonifjtiidinal  st<rin  which  cxten<ls  the  tnlirt;  k-nt;:th  uf  the 
spinal  cord  alunt;  the  liiif  of  the  jiiilerior  median  lissure,  receivinj;  ri^infurfiiiK  liraiiclics  frijtn 
the  various  spiruil  branclies  of  the  vertel>ra1,  intercustal.  luniliar.  atid  laleral  sacral  arteries. 

i/')  The  posterior  inferior  cerebetlar  arteiy  (a.  cercbelli  Infvrittr  pOHlcrior)  ariscsat  nlH)Ut  the 
same  levcl  :is  tlic  prcccdinK  vessel.  I)ut  (roni  the  imler  surtacc  of  the  \i-rlebral.  It  jKisses 
Upuard  o\er  Ihe  sides  ttf  the  mediilla  iibliinKnta  to  supplj-  the  \iiwvt  suiiace  of  tile  cerebellum, 
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givinj;  braiic1it-s  to  tile  iiK-iInlla  and  In  llie  (-honiid  |>lexus  of  Ihc  foiinh  veniride  and  anasto- 
mosin^  ttiih  ihi-  -.iiiRTior  cerdicllar  arterv. 

Krom  iIk'  basilar  artery,  (  \'k.  701 1  ihi-  aiiteri<ir  m^lian  contiiuiation  of  tlie  vertclirals. 

(  p  1  S'timiToii-i  transverse  arteries  art-  Ki*ell  iifi  an<l  piiss  imtv.-ird  ovtT  the  |>ons  to  su]H>ly 
that  stnu-tiiri-  and  th.-  iidjaceiit  [>ortiorw  of  the  lirain, 

I A  i  Tile  internal  auditory  aneties  (aa.  audliiva«  initmae').  one  on  cich  side.  are  additioiiallv 
pven  iitl.  and  .iiioiii|mii>  iIh-  .luiliturv  nerve  ihroiigh  ihe  intcmal  aiiditi>r>-  nieatus  losu|>|)ly  the 

(;'■  Tile  anterior  inferior  cerebelUr  arieries  loa.  nrcbtili  inftrinrts  anierinrem,  pass  onl- 
»■ardoneilliiTMil.-  n.rth.  ^iirf.n-i-  odhe  |>on-i  t"  the  lower  snrf:ici- 1  :"  ihi-:iriterior  |M>r1ion  of  Ihe 
cereb<'lluni,  su|i|pKiiij;  ili.ii  >ini,-tiiri-  ami  an.-istomosing  »ilh  thi-  snperior  c-erel>ellar  arieries. 

Ij)  Thi-  superior  ccrebellar  arteriei  I  aa.  ctrthtill  (mperioreHl  Thesi-  iirise  from  the  basilar. 
immediatelv  (»■himl  il-  Ui\i-iiin  iulo  the  posterior  cerebral  anerie-;,  Thev  pass  niitward  and 
backwar<l  over  the  ihjii>*  and  ihe  iniri  irerebri,  immi-<liately  In-hind  ihe  rools  of  the  ciculo-motor 
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nerves,  and,  cur\'ing  upward  in  the  tentorial  fissure  almost  parallel  with  the  trochlear  ni.*r\eN. 
are  distribuled  to  the  upper  surface  of  the  cerebelluni  and  anastomose  with  the  inferior  cere- 
bellar  arteries. 

{Jk)  The  posterior  cerebral  arteries  (aa.  cerebri  posteriores)  (Fig.  702)  are  the  terminal 
branches  of  the  basilar.  Froin  its  onj^in  at  the  anterior  border  of  the  pons  each  arter\'  pasiies 
outward  and  shghtly  foruard.  curving  around  the  cnis  cerebri,  immediately  in  front  of  the  nK»t 
of  the  oculomotor  nerve,  which  separates  it  froni  the  sujK*rior  cerebellar  arter>-.  It  then 
passes  upon  the  inferior  surface  of  the  cerebral  heinisphere,  where  it  breaks  up  into  cortical 
branches  which  niniify  over  the  surface  of  the  temporal  and  occipital  lol>es,  anastomosing  uith 
one  another  and  \vith  the  branches  of  the  anterior  and  middie  cerebrals.  The  cortical  branches 
( Fig.  700)  include  the  aft/n  ior  temporal,  which  supplies  the  anterior  parts  of  the  uncinate  and 
occipito-temporal  convolutions  ;  \S\^  posterior  temporal^  distributed  to  the  posterior  part  of  the 
uncinate  and  the  occipito-tenii>oral  convolutions  and  the  adjoining  g>'rus  lingtialis ;  the  calca- 
9ifie,  the  continuation  of  the  pt»sterior  cerebral  along  the  calcarine  fissure,  uhich  i)asses  to  the 
cuneus  and  the  g>nis  lingualis,  and  uinds  to  the  outer  surface  ;  and  \\iii parietooeeipital^  which 
fonows  the  parieto-occipilal  fissure  to  the  cuneus  and  the  quadrate  lol)e. 

Immediately  at  their  origin  the  jH)Sterior  cerebrals  give  rise  to  a  number  of  small  centraJ 
branches  (postero-mesiat  and  postero-lateral  franglionie)  uhich  dip  doun  into  the  substance 
of  the  posterior  ix*rforated  space  to  supply  the  optic  thalanius  and  the  adjacent  parts  of  the 
brain-stem,  and  somevvhat  more  laterally  each  gives  ofT  a  posterior  charoidat  branch,  \%'hich 
passes  foruard  in  the  iransverse  fissure  to  the  choroid  plexus  of  the  third  ventricle.  Near 
where  it  passes  in  front  of  the  oculo-niolor  nerve,  each  ix)sterior  cerebral  receives  the  iK>sterior 
communicating  arter>'  which  passes  back  to  it  from  the  intemal  carotid,  and  more  latera]ly  it 
gives  off  some  sinall  branches  \vhich  are  distributed  to  the  corpora  quadrigemina  and  the 
posterior  part  of  the  optic  thalamus. 

Variations. — The  vertebral  artery  may  arise  from  a  tnink  common  to  it  and  one  of  the 
other  branches  of  the  sul)clavian.  and  somelimes  it  arises  directly  from  the  arch  of  the  aorta  or, 
on  the  right  side,  from  the  innomiiiate  arter>'  or  the  common  carotid.  It  may  traverse  a  foramen 
in  the  transverse  process  of  the  sevt*nth  cervical  vcrtebra,  or  the  louest  vertebrarterial  foramen 
through  uhich  it  passes  may  be  the  tifth,  fourth.  third,  or  even  the  second.  \'er>-  rarely  the  two 
vertebrals  fail  to  unite  to  form  a  single  median  kisilar,  that  arter>'  l>eing  thus  represented  by  tu-o 
longitudinal  tmnks  uniled  by  transverse  anastomoses.  Occasionallv  tne  basilar divides  intotuo 
longitudinal  stems  uhich  reunite  farther  foruard,  and  its  fomiation  by  the  fusion  of  two  parallel 
vessels  is  frequently  indicated  by  the  presence  in  its  interior  of  a  more  or  less  perfect  median 
sagittal  partition. 

The  vertel)ral  mav  give  origin  to  an  inferior  thyroid  arten*  or  to  the  deep  cer\ical.  and  oc- 
casionaIly,  in  its  um>er  part.  to  abraiich  uhich  anastomoses  uitli  the  occipital.  (Jne  of  the  pos- 
terior inferior  cerebellar  arterit-s  mav  l)e  uanling,  as  is  also  not  infrequently  the  čase  with  omr 
of  the  anterior  inferior  cerel>ellars,  or  lliese  latter  vessels  niay  arise  from  the  posterior  cerebral. 
()ccasionally  the  proximal  |>ortion  of  one  or  other  of  the  posterior  cerebral  arteries  is  reduced  to 
a  mere  thread,  the  blood  reaching  the  lemiinal  portions  of  the  vessel  from  the  intemal  carotid. 
through  the  ix)Sterior  communicating  artery. 

The  Circle  of  Willis. — The  circle  or,  as  it  is  more  properlv  called,  the 
|K>lygon  of  \Villis  (circulus  arteriosus)  is  a  continuous  anastomosis  at  the  base  of  the 
brain  (T^ij^.  702)  lx'tween  branches  of  the  interna)  carotids  and  suhclavians  (verte- 
brals). It  surrounds  the  posterior  perforated  space  and  the  floor  of  the  thalamen- 
cephalon.  Posteriorlv  it  is  formed  hy  the  i)r()ximal  portions  of  the  posterior  cerebral 
arteries,  at  the  sides  by  the  posterior  communicating^  and  intemal  carotid  arteries 
lK»hind,  and  by  the  f)roximal  portions  of  the  anterior  cerebrals  in  front,  and  it  Ls 
complrted  anteriorlv  by  the  anterior  communicatinjr  arterv  uhich  unites  the  t^o 
anterior  cerebrals. 

Hy  means  of  these  connections  free  communication  is  established  at  the  base  of 
the  brain  belueen  the  tuo  internal  carotids  and  also  l)etween  these  vessels  and  the 
vertebrals.  It  niay  be  noted  that  a  further  coninninication  between  these  sets  of 
vessels  exists  upon  the  lateral  siirfaces  of  the  cerebral  hemispheres  where  branches 
of  thf  posterior  cerebral  arlerit^  anastomose  wilh  branches  of  both  the  middie  and 
antrrior  cen-brals. 

In  niarked  conlrasl  to  ihis  ahundant  anastomosis  of  the  larj^^er  vessels  upon  the 
surface  of  the  crrehrum  is  tht*  lack  of  direct  coniniunicalion  l)etween  the  small  ve^asels 
uhich  |)eiutratc  its  substanct*.  These  are  ali  terminal  or  end-arteries. — that  is, 
vrssels  uhi(h  liavc  no  coniniunicatitMi  uith  othcrs  cxcept  throuj(»h  the  j^eneral  capil- 
larv  nrt  \vork.  uhich  offers  but  little  o|)|)(»rtunity  ff»r  the  establishment  of  an  cffictent 
collatcral  <  ircuiation  in  the  rase  of  occlusion  of  one  of  the  arteries. 
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Practical  Considerations. — The  vertebral  artery  may  require  ligation  on 
account  of  wounds,  or  of  traumatic  aneurism  of  the  vessel  itself,  or  (in  addition  to  the 
ligation  of  other  vessels)  in  aortic  or  innominate  aneurism,  or  to  prevent  or  arrest 
secondary  hemorrhage  after  ligation  of  the  innominate. 

Amurism^-exccpt  from  wound — is  excessively  rare,  the  vessel  being  well  sup- 
ported,  first  between  the  scalenus  anticus  and  the  longus  colli  muscles  and  then  in  the 
bony  canal  in  the  transverse  processes.  Only  one  čase  of  spontaneous  aneurism  of 
the  cervical  portion  of  the  artery  has  been  reported  (Hufschmidt). 

Traumatic  aneurism  is  more  frequent,  but,  on  account  of  the  vessel*  s  depth,  is  rare. 

Paralysis  of  some  of  the  tongue  muscles  has  been  attributed  to  pressure  on  the 
hypoglossal  nerve  by  a  vertebral  aneurism  and  severe  occipital  headache  to  pressure 
on  the  suboccipital  nerve. 

Digital  compression  of  the  vertebral  is  possible  below  Chassaignac' s  carotid 
tubercle  (q.v. ), — i.e.,  below  the  level  of  the  cricoid  cartilage,  if  pressure  is  made  in 
the  line  of  the  great  vessels.  Altemating  pressure  above  and  belovv  this  level  is  of 
great  diagnostic  value  in  distinguishing  the  source  of  the  bleeding,  or  of  the  supply  of 
blood  to  a  pulsating  tumor,  after  a  deep  wound  of  the  neck.  Pressure  along  the  line 
of  the  common  carotid  below  the  tubercle—/.^.,  for  from  two  to  t\vo  and  a  half  inches 
above  the  clavicle — will  usually  arrest  such  bleeding  and  pulsation,  no  matter  whether 
the  vertebral  or  either  of  the  carotids  is  in  vol  ved.  Pressure  above  the  tubercle  will 
affect  only  the  carotids  and  their  branches,  but^-except  in  the  presence  of  an  anomaly 
— will  leave  unchanged  a  flow  of  blood  or  an  aneunsmal  pulsiition  proceeding  from 
the  vertebral.  Furthermore,  as  in  one  of  the  not  infrequent  vertebral  variations 
{vide  sufira),  the  artery  mav  not  enter  its  vertebrarterial  foramen  until  it  reaches  the 
fifth,  fourth,  third,  or  even  the  second  transverse  process,  and  as,  in  such  a  čase,  it 
vvrould  be  effectually  compressed  when  pressure  was  applied  higher  than  the  carotid 
tubercle,  it  would  be  well  always  to  supplement  the  above  test  by  the  method  of 
"lateral  compression"  (Rouge), — i.c,  by  pressing  together  between  the  thumb  and 
fingers  ihe  anterior  portion  of  the  relaxed  sterno-mastoid  muscle  and  the  carotid 
sheath  and  its  contents.  This  avoids  ali  risk  of  coincident  compression  of  the  verte- 
bral, and  if  it  arrests  the  temporal  pulse  without  affecting  materiallv  the  bleeding  or 
the  pulsation  on  account  of  uhich  the  examination  is  made,  it  greatly  increases  the 
probability  that  the  latter  are  of  vertebral  origin  (  Matas).  The  importance  of  making 
the  diagnosis  is  shown  by  the  fact  that  in  sixteen  out  of  thirty-six  cases  of  injuries  to 
the  vertebral  artery  the  common  carotid  had  been  ligated,  aggravating  the  hemor- 
rhage by  increasing  the  strain  on  the  vertebral  circulation  and,  of  course,  also  increas- 
ing  the  risk  from  shock,  and  later  from  cerebral  complications  (Matas). 

Ligation  of  the  vertebral  has  been  effected  through  variouslv  placed  incisions  : 
I.  Low  in  the  ncck,  one  of  three  inches  in  length  along  the  posterior  border  of  the 
stemo-mastoid  and  with  its  lo\ver  end  at  the  clavicle,  with  division  of  some  of  the  clav- 
icular  fibres  of  that  muscle  and  of  the  deep  fascia,  will  perm  it  the  recognition  of  the 
carotid  tubercle,  the  displacement  inward  of  the  stemo-mastoid  and  internal  jugular 
vein,  the  definition  of  the  space  between  the  scalenus  anticus  and  the  longus  colli, 
and  the  identification  of  the  artery  by  its  pulsation.  The  vertebral  vein  lies  in  front 
of  the  arterv.  The  pleura,  the  inferior  thvroid  vessels,  the  phrenic  nerve,  and  on  the 
left  side  the  thoracic  duct  must  be  avoided.  The  fibres  of  the  cervical  sympathctic 
will  be  almost  necessarilv  disturbed,  and  mav  be  included  in  the  ligature.  Contrac- 
tion  of  the  corresponding  pu[)il,  through  the  then  unopposed  action  of  the  oculo- 
motor,  \vill  indicatc  that  the  vessel  has  been  secured;  it  will  be  only  temporary. 

2.  For  a  ligation  in  continuitv,  as  for  wound  or  aneurism  in  the  suboccipital 
region,  the  arterv  mav  be  much  more  easily  reached  through  an  incision  identical 
with  that  used  for  lii^ating  the  common  carotid  above  the  omo-hvoid  (page  732). 
\Vhen  the  carotid  sheath  is  well  exposed  it  is  drawn  outward  \vith  its  contents. 
Chassiiignac' s  tuhrrrlr  is  felt  (on  the  cricoid  level  or  one  centimetre  above  it)  and 
the  longus  colli  hhrcs  hdo\v,  overi ving  the  arter\',  are  seen.  A  transverse  division 
of  that  muscle  t  vposcs  the  \  ertehral  arterv  in  a  much  siifer  region  than  l)elow  and  at 
a  less  depth  (  Dauharn). 

The  collatcrul  circulation  is  verv  freelv  re-established  through  the  vessels  of  the 
circle  of  Willis. 


HUMAN    ANATOMV. 
Fig.  to.}. 


THE   INTERNAL   MAMMARV  ARTERV.  763 

2.  The  Intemal  Maininary  Artery. — The  internal  mammary  artery  (a.  mani' 
maria  intenia)  (Figs.  692,  703)  arises  from  the  lower  surface  of  the  subclavian, 
ijsually  a  few  millimetres  lateral  to  the  origin  of  the  vertebral.  It  is  at  first  directed 
<downward,  inward  and  slightly  fonvard  to  reach  the  posterior  surface  of  the  first 
oostal  cartilage,  about  half-an-inch  lateral  to  the  border  of  the  sternum,  and  is  thence 
oontinued  vertically  downward  upon  the  inner  surface  of  the  anterior  thoracic  wall 
to  the  sixth  intercostal  space,  opposite  which  it  terminates  by  dividing  into  the 
musculo-phrenic  and  superior  epigastric  arteries. 

In  the  upper  part  of  its  course  the  artery  rests  upon  the  dome  of  the  pleura, 
crosses  the  posterior  surface  of  the  subclavian  vein,  and  is  crossed  obliquely  from 
above  downward  and  inward  by  the  phrenic  nerve.  In  the  thorax  it  is  in  con- 
tact  behind  with  the  parietal  layer  of  the  pleura  as  far  down  as  the  third  costal  ciu-ti- 
la^e,  and  below  that  with  the  triangularis  sterni  muscle.  Anteriorly  it  rests  upon 
the  f)osterior  surfaces  of  the  upper  fivc  costal  cartilages,  anu,  in  the  intercostal 
spaces,  upon  the  anterior  portions  of  the  internal  intercostal  muscles. 

Branchcs.— The   intemal   mammar>'  gives  off  the  following  branches  :  ( i )  the  superior 
phr^mc^  or  comes  nenn  phrenici.  (2)  the  mediastinal  branches.  (3)  the  anterior  intercostais, 
(4)  the  anterior  perforating  branches  and  the  two  terminal  branches,  (5)  the  musculo-phrenic^ 
and  (6)  the  superior  epigastric. 

(a)  The  superior  phrenic  artery  or  comes  nervi  phrenici  (a  pericardiacophrenica)  arises  from 
the  upper  part  of  the  intemal  mammar>'.  and  is  a  long,  slender  branch  which  accomj>anies  the 
phrenic  ner\e  to  the  diaphragm,  uhere  it  anastomoses  with  the  inferior  phrenic  and  musculo- 
phrenic  vessels.  In  its  course  it  gives  off  numerous  sniall  branches  to  the  pleura  and  peri- 
cardium,  which  anastomose  \vith  the  mediastinal  branches  and  the  bronchial  vessels  from  the 
thoracic  aorta. 

{b)  The  mediastinal  branches  (aa.  mediastinales  anteriores)  are  a  number  of  small  vessels 
which  are  distribuled  to  the  slemum.  the  remains  of  the  thymus  gland,  the  pericardium,  and  the 
adipose  tissue  of  the  anterior  inediastinum. 

(r)  The  anterior  intercostal  arteries  (rami  intercostales)  arise  from  the  intemal  mammary 
opposite  each  of  the  five  upix?r  intercostal  spaces,  and  are  t\vo  in  number  for  each  space.  They 
pass  outward  and  slightly  down\vard  upon  the  posterior  surface  of  the  intercostal  muscles,  one 
along  the  upper  border  c^f  each  of  the  intercostal  spaces  concemed  and  the  other  along  its  lower 
border,  and  after  having  pierced  the  intemal  intercostal  muscles,  they  terminale  by  becoming 
continuous  with  the  upper  and  lower  divisions  resjxfctively  of  the  intercostal  branches  of  the 
superior  intercostal  arter>'  and  of  the  three  uppermost  aortic  intercoslals.  These  branches  reallv 
represent  ventral  prolongations  of  the  aortic  intercostal  arteries  from  \vhich  arose  the  iipward 
and  do\vnward  branches  \vhose  anastomosis  resulted  in  the  formation  of  the  intemal  mammary 
(compare  page  848). 

(i/)  The  anterior  perforating  branches  (rami  perforantes)  arise  from  the  intemal  mam- 
mary,  one  opjx)site  each  intercostal  space  that  it  crosses.  and  represent  the  ventral  ends  of  the 
original  aortic  intercostal.  Thev  pierce  the  internal  intercostal  muscles,  the  anterior  intercostal 
membrane,  and  the  pectonilis  major,  to  supply  branches  to  the  stemum  and  to  the  integument. 
The  arteries  of  the  third  and  fourth  intercostal  spaces  are  larger  than  the  others  and  send 
branches  to  the  mammarv  gland. 

(^)  The  musculo-phrenic  artery  (a.  musculophrenica)  is  the  lateral  terminal  branch  of  the 
intemal  mammar>\  It  arises  opposite  the  anteri<^r  end  of  the  sixth  intercostal  space  and  passes 
downward  and  outvvard  along  the  attachments  of  the  diaphragm  to  the  seventh  and  eighth  costal 
cartilages,  and  then.  piercing  the  diaphragm.  is  continue<!  onward  upon  the  under  surface  of  that 
muscle  to  the  level  of  the  tenth  or  eleventh  rib.  uhere  it  terminates  by  anastomosing  \vith  the 
inferior  phrenic  arteries  and  with  the  ascending  branch  of  the  deep  circumflex  iliac.  In  addition 
to  branches  to  the  diaphragm,  it  gives  off  two  anterior  intercostal  branches  op|x>site  each  of  the 
intercostil  spaces  that  it  crosses  jis  far  do\vn  as  the  ninth  ;  these  branches  have  the  same 
arrangement  and  signilicance  as  the  anterior  intercostal  branches  of  the  internal  mammar>'. 

( f)  The  superior  epigastric  artcry   (a  epii^astrica  superior)  is  the  niedial  terminal  branch 
of  the  intemal  nKinimar\'.     It  continues  the  course  of  that  arter>'  downward.  and  passes  through 
the  diaphragm  in  ihe  inter\-al  betueen  its  costal  and  stemal  origins  and  enters  the  sheath  of 
'  the  rectus  ab<!oniinis.     I.mver  down  it  passes  into  the  substance  of  that  muscle,  uhere  it  termi- 
nates by  anastomosing  uith  branches  of  the  deep  epigastric  arter>'. 

Anastomoses. — By  nieans  of  its  terminal  branches  the  internal  mammary 
makes  a  double  anastomosis  in  the  anterior  abdoniinal  ualls  \vith  branchc^s  from  the 
iliac  vessels, — nanu-lv,  with  the  deep  epigastric  and  deep  circumfiex  iliac  branches  of 
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tbe  extemal  iliac.  and  thus  connects  che  superior  and  inferior  portions  of  the  aortic 
sv-stem  oc  '.eistls.  In  addition.  bv  mtrans  ot  the  anierior  intercostals,  it  makes 
cxt«L5ive  conntrctioni  with  the  thoracic  aorta  through  the  aortic  intercostals. 

Vsriatioiis.— The  intemal  mainniar\'  mav  arise  trum  the  second  or  evtrii  the  third  portiim 
di  th^  šur>:U'.iAn,  or  it  niay  take  its  ori^n  from  the  thvrokl  axis  or  trom  the  su(xrrior  intercost^tl. 
In  i'LS  cour>e  diVAH  the  anterior  thoracic  uall  it  \ancs  considerably  in  its  rehition  to  the  lateral 
border  of  the  stemum.  its  distance  from  it  \ar>'ing  in  diftcrent  cases  from  5-20  mm. 

Oi  the  supernumerar>*  branches  ti>  u  hich  it  may  gi\  e  rise,  one  of  the  most  important  is  the 
laUral  inUmal  mam9Hary  ramus  costalis  latcralis. .  ihis  arises  from  the  intemal  manimar\~- 
abo\'e  the  tirst  rib.  or  in  >-  imc  cjlscs  dirccilv  from  the  subcla\ian,  and  descends  upon  the  inner- 
surtaces  01  the  uppcr  tuur  or  six  ribs  and  the  inter\ening  intercostal  spaces,  parallel  with  the::; 
intemal  mamman-.  but  Si>mt:  distance  lateral  to  it.  It  gives  off  branches  in  each  interct>sta'" 
space.  which  anastomose  ventrallv  u-ith  the  anterior  intercostal  branches  of  the  intenu 
nianiniar>'  and  dorsaIIy  with  the  aortic  intercostals. 

Practical    Considerations. — ^The    intemal    mamrnar}-   is    not    infrequent] 
involve<l  in  štab  wounds  of  the  chest.  and  this  accident  may  be  sus|>ected  if  after  su 
a  wound  there  are  threaleninj^  svmptoms  of  intemal  hemorrhage  with  no  evidence 
in]ur\'  to  the  lung  itself.     The  bleeding  may  take  plače  into  the  pleural  cavity,  causi 
the  characteristic  svmptoms  of  haemothorax  (page  1866). 

Compression. — In   emergencies  the   bleeding   mav  sometimes  be  arrested 
pushing  through  the  wound  into  the  intrathoracic  space  or  pleural  cavity  a  (>ouch 
antiseptic  gauze.  packing  it  with  other  strips  of  gauze  so  as  to  distend  the  porti 
within  the  ribs,  and  then  making  tractii.>n  ui)on  it  so  as  to  compress  the  woun(t. 
vessel  against  the  costal  cartilages  and  the  chest-wall. 

This  same  method  is  applicable  in  s<ime  cases  of  intercostal  hemorrhage  uher-^.  if 
is  not  possible  or  desirable  to  approach  the  vessel  directly  in  its  groove  on  the  uncz^<?r 
and  inner  border  of  the  rib  by  incision  or  by  resection  of  a  portion  of  the  rib. 

Ligation. — In  some  cases  it  mav  l>e  necessar)*  to  ligate  the  vessel  in  its  c^:zz>n- 
tinuitv,  although  its  free  anjistomoses  make  it  ver\'  desirable  to  find  and  tie  it  on  b^zz>lh 
sidcs  of  the  wound.  It  mav  be  reacheii  through  an  incision  parallel  with  the  stem  ^^m 
and  a  half-inch  from  its  margin  or  through  a  transverse  incision  extending  outw; 
along  an  intercostal  space.  In  either  event.  the  skin.  superficial  fascia,  stemal  fi 
of  the  great  i>ectoral  muscle,  the  external  intercostal  aponeurosis  (connecting 
extemal  intercostal  muscle  \vith  the  stenium  >,  and  the  intemal  intercostal  mu 
must  be  divided.  The  arter\'  with  its  accompanving  veins  will  be  found  in  1 
cellular  tissue  Iving,  in  the  first  two  spaces.  upon  the  endothoracic  fascia,  which  se 
rat<.-s  it  from  the  pleura  ;  in  the  lowor  si)aces  the  vessel  rests  upon  the  triangulc^^ns 
sterni  muscle.  BeIow  the  third  or  fourth  space  resection  of  a  cartilage  will  usui^«JIy 
lx!  necessar\'  for  the  purpose  <^f  gaining  room,  and  at  any  level  is  often  resortetB.  to 
to  perm  it  direct  access  to  the  bleeding  ends. 

3.    The    Supcrior    Intercostal    Artery. — The   superior    intercostal   art^£:^ry 
Ttruncus  costocer\'icalis)  (Fig.  695)   arises  from  the  upper  p>osterior  surface  of    ^^he 
sulx:lavian  arterv,  usually  about  opposite  the  origin  of  the  internal  mammary,  butqu-^itc 
frequently,  and  especiallv  u[X)n  tlie  right  side,  under  cover  of  the  scalenus  antic""*«. 
It  i)asst^  at  first  up\vard  and  mcdiallv.  and  then  cunes  l>ackward  and  downward  o '^*cr 
the  (lome  of  the  pleura  to  reach  the  anterior  surface  of  the  neck  of  the  first  ^'^h, 
uliere   it  cli\i(les  into  two  terminal  branches  which  pass  laterally  in  the  first  £».nd 
s<-(.ond  intercostal  spaces.      As  it  enters  the  tlK)ra-x,  the  superior  intercostal  lies    ^>p- 
t\vecn  the  first  thoracic  svmpathetic  ganglion  and  the  first  thoracic  spinal  nen'e. 

Branches. — The  superior  inttTcostal   v^ives  rise  to  f  i )  the  dt''cp  ccn*ical  arterr^  and    to 
two  t«rmin;il  branrlie*^.  1  21  ihe  //>.v/ and  (3»  ihe  str  orni  intercostal  arteričs. 

i  a)  '\\\v  dccp  cervical  artery  (a.  cer\'icnlis  proftindn)  arises  jiist  as  the  superior  intercosta/ 
rearhes  the  iip|HT  ^»nlrr  of  ifie  nerk  of  the  first  rib,  althouj^h  <>ccasi<>nally  it  takes  orjgm 
tlin-ctlv  from  the  snhrlavian.  It  is  din-cted  up\vard  an<l  barkuard,  piissinjj  between  the  bst 
cer\ir;«l  an<l  first  thorarir  iurves  an<l  f>eneath  the  transverse  process  of  the  last  cer\ical  vtft^ 
bni,  an<l  asrends  the  nerk  In-tuc^n  the  roniplexus  and  the  semispinalis  colli,  to  which  it  sends 
hranrhes.  It  anastonu)Ses  \\ith  bran<'h<s  of  the  ascendini:  ('er\'iral,  vertebnd,  and  princepscrr* 
vicis  arteries,  and  ^ives  otT  a  spinal  branrh  \vhich  passes  ajonjj  the  eijjhth  cervical  ncrve  to  the 
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spinal  canal,  wh«re  it  anastotnuses  upon  the  suriace  o(  the  spiital  curd  with  the  spinal  branches 
<jt  the  vertebral  and  of  the  intercostiil  nrterics. 

In  ali  iis  relationK  the  deep  cervical  is  cotnparabk  to  a  posterior  branch  of  an  intercosta] 
arteo'.  -ind  'S  lo  be  rcgarded  ;is  ihe  (Histerior  l)ranch  of  Ihe  seventh  ctrvical  scgniental  artery, 
■vvhicii  is  the  siibciavian, 

(*)  The  first  intercoat«!  «Ttery  passes  oulward  and  forward  in  the  firut  intercostal  space, 
.and  resembles  in  JLs  coiime  and  distribiition  an  aortic  intercosta!  (page  793). 

(f)  The  second  inicrcoatal  artery  arises  at  the  bifurcalion  of  the  sutierior  inlercMstiii  and 

s  downward  over  the  neck  of  the  second  rib  to  the  second  intercosta!  space,  in  which  it 

Fig.  7c^. 
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4.  TheThjToid  Axia. — The 
arises  (rom  tbe  ii|)|ht  Uirik-r  of  tli 
bordtr  of  tlie  v.-ak-mis  atniciiii.      It 


.nml  axis  Ctrancus  thvrcoccnicalis  1  ("Fin.  704) 
itibclavian.  usiiallv  just  ini-dial  to  tht-  nK-<lial 
ict-nils  verticallv  ii|>"ar»l  for  fnim  2-10  mm.. 
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iiuil  hiiinu.ilrN  l»y  diviilinj^  into  three  branches  :   (i;  the  inferior  thyroid^  (2;  tW  :»-   t\w: 
\uf^i  #//.  /•*/  M 7  ."/#«//,  aiul  ( }^ )  thc  suprascapular, 

t.n  riu-  inferior  thyroid  artcry  (a.  thyreoidea  inferior;  (Fig.  692)  is  ti*  :»►  ih« 
l.nmsi  nI  tlu«  luaiulus  \vhioh  arise  from  the  thyroid  axis.  It  passes  at  lirst  verr —»  r^^rti- 
iiillv  ii|»\\artl  to  alnuit  the  Icvel  of  thc  transverse  process  of  the  sixth  cer\ic-.->  i  - .jcai 
M*itrliia,  aiui  llun  In^mls  mcdiallv.  It  passes  behind  the  cominon  carotid  artei — »  TJer\' 
ihr  iiUrinal  juj^ular  voin.  and  the  pnouinoj^astric  nerve.  either  behind  or  in  front  ~M  mt'c4 
\\\v  \'VK'\\\\'v\\X  laiynv;eal  norve  and  in  front  of  the  vertebral  artcry,  and  finally  breaf  .sEs^^^^aks 
up  ihto  brani  hes  \\  hioh  supplv  the  lo\ver  jxirt  of  thc  thyroid  gland  and  anastomo«-:>  inose 
\\ith  llu*ir  lello\\s  of  ihe  i^pjH^site  side  and  \vith  the  superior  thyroid  artery. 

Bninches.     I11  aiklitioii  to  thcse  tt'miinal  branches.  the  inferior  thyroid  j^ives  ongin  to  t_^       «tht: 
lollo\\in>;  aiuius  r 

ViM  ^  MuscuUr  branches  lo  the  SiMlonus  anticiis  and  the  inferior  constrictor  of  the  phar\i'-»  ~^nx. 

VAA^    The  asccndin^  cervicjil  «rtery  la  cenicalis  ascendens)  fre(]uently  arises  directly  frc^^irrofn 
\\vt  lhYi\*id  axw  aiul  jv»ss<*s  \ertically  upwan.L  pirallel  ti>  the  phrenic  ner\e.  in  the  inter\*al  I*"  \yf 

\\\\f\\  iIh»  s^mUiuis  aiuicus  and  the  rw*tus  oapiiis  antiais  major.  It  supplies  the  deep  musc'  — :»^^l^ 
*»i  ihe  n^vk.  seiul^  l^ranches  ihrvuijih  thv  spinal  toramina  which  accompnnv  the  spina!  brancl~S  -rrhts 
\^  iIh*  \  VI  tebi  al  aTter\  aiui  anaslv>nioe*s  uith  the  vertebral,  the  occipital,  the  ascending  phar>g;^  mivn- 
^^mI.  am!  the  d^xp  v^tmvmI  arierus 

^..  ^    l^he  infenof  Urvngcal  artenr  la    lar>ncea  inferior'  [xisses  upu-ard  in  the  groove  ■'  be- 

iHt^en  ihe  nav*hea  aiK!  u*i^vh».iS"^  i"  vvni{\iny  uiih  thc  recurrent  Iar\'ng:eal  ner\-e.  It  pas^^j-  g*scs 
IviKMih  l?H'  louvr  S.*rvk*r  v»t  the  inferior  o\>nsiricti»r  ot  ihc  pharynx  and  enters  the  lar>'nx,  ^  =,  to 
\\>K\N\'  nuKNHi^i  iMemlMatie  aiul  nius^ies  it  is  distributt\l.  It  anastomoses  with  the  supei — ^  -nor 
Uii\"x^***-  i*».4iivh  ot  jIk-  ^iiiK-rior  thyrv>id.  . 

\  »»♦a':\.  :;  c'^VN  or>  'iinavl  branchvs  ti>  the  phar>'nx.  < eSi^phajrus,  and  trachea,  one  of  th«^  »T^isf 
u»  Ov  KiNi  !»  »jmknI  N:?iiv';urv  iNtendinj;  tio\vn  ii|X)n  its  lattral  surface  to  anastoniose  l>elow  h-  ■^■^th 

t  fu  rKixu«r!K»Nr-i  u^ich  tlu-  inft-riiir  thyroid  niakes  by  its  ih\n>id  branches  uith  the  su*  ^  jpe- 
tu«i  iN\«\»  v!  .v.\y\  >\  r.N  .iNviiuiins:  ivrvical  branrh  with  the  occipital  o^nstitute  important  conn^ — »lec- 
iK»M^  {sixxv>n  Uv  MiNl.uian  aml  carotid  svstems  and  play  an  inifv^rtant  part  in  the  establiS^  "^ish- 
iiu  Iti  w  il»,  v\»H.aiM.il  iiiiulation  after  lijjalioii  t)f  the  conimon  carotid  arter>-. 

Vauauou!«      riu«  tliyrt>id  axis  occasionally  arises  luuier  cover  v»t  or  even  lateral  to  thf 

„.»J»n\w  uiiKUN.  M\\\  il  niay  lw  entirely  \vantinjc.  its  branches  arisin^  directly  h'oin  the  subca^vcla- 
\i  lit  I  \w  itn,iuM  ilnroid  inavbe  al)sent  on  one  si(ie  or  on  both.  and  its  size  varies  inver!=— *•/>■ 
u^  \Uy  J»  \»  h»pni<*nt  of  ils  fvllovv  of  the  opix)site  side  or  to  that  of  the  superior  th>Toid  '   — ' 


V\ lUtu-ul  Considcrations. — The  inferior  thyroid mav  be tied  for a wound        or 
tltiMMi;  \\w  fp«  lalion  of  lhyroidectomy.      It  bas  bi^en  frequenily  tied,  in  conjuncf^on 
\\\\\\  ihf  Mipnior  thvroid,  in  various  fonns  of  jjoitre,  but  the  procedure  has  bes-wi 
•tli  tniltMti  d       il  inav  i)e  reached  throujjh  the  incision  for  tving  the  carotid  below  «:he 
iiniii  liMtid  (  pa.m'  732  ).     The  sterno-niiLstoid  and  the  carotid  sheath  and  its  conte  »its 
.tli  di.i\\n  itntNvard.     The  carotid  tulxircle  beinjr  found,  the  inferior  thyroid  sho-v^M 
|.i     ».iivhl  l«»r  at  a  slij,jhtly  lo\ver  level, — ()i)posite  the  lx)dy  of  the  sixth  cervical  \-«rr- 
iibta  Ml   aboiit  the  level  of  the  omo-hyoid  crossinjj, — coming  out  from  behind  '•ihe 
ulii.ith   nI   the  j^^reat  vessels  and  running  in  front  of  the  vertebral  artery  obliqu^y 
itpuaid  and  in\vard  to\vards  the  jjland.      It  should  be  remembered  that  before  enfc ^r- 
iiu:  tli'"  y}-'\\'^^\  it  lies  for  a  short  distance  close  to  its  posterior  surface,  and  that  ^he 
iniiiirnt   laryn^^eal  ner\e  is  in  intimate  relation  to  this  part  of  the  vessel  or  to     'ts 
nitnin.il  branches.      It  should  therefore  be  tied  in  the  fissure  between  the  oesophs^^us 
aiitl  lil'-  j^nat  vessels.  as  close  to  the  carotid  sheath — />.,  as  far  from  the  inferior 
.iiivd'- of  the  ^land — as  possible,  to  avoid  indusion  of  this  ner\'e.     The  middle  cr«-T- 
vi'.il  ^^anj^linn  rtf  the  ^ynlpathetic,  the  phrenic  and  the  descendens  hypoglossi  nerv'*5», 
.ind.  on  tli«-  Icft  side,  the  thoracic  duct  should  be  carefullv  avoided. 

i/n  The  supcrficial  cervical  artery  Ta.  ccr\icans  Kuperfidalis)  (Fig.  705) 
pass«-s  ahnost  din*<-tly  lalerallv  from  the  thvroid  axis,  piussing  in  front  of  the  scalenus 
anti«  MS  anrl  tb<*ii  armss  the  Irmer  part  of  thc  posterior  triangle  of  the  neck  at  a  l€\'tl 
/»f  alMMit  2S  cni.  al)« »ve  the  clavide.  .Arrived  at  the  anterior  border  of  the  trapezius, 
it  jfiisvs  briK-ath  that  inusde  and  breaks  u[)  into  ascending  and  descending  bninches 
uliif  h  supply  the  trapezius,   the  levator  anguli  scapula%  the  rhomboidei,  and  the 
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splenii.  The  ascending  branches  anastomose  with  the  deep  and  ascending  cervical 
arteries,  and  with  the  princeps  cervicis  of  the  occipital  and  the  descending  branches 
with  the  suprascapular  and  transverse  cervical. 

(c)  The  suprascapular  artcry  (a.  transversa  scapuls)  (Fig.  704),  like  the 
superficial  cervical,  passes  almost  directly  laterally  across  the  lower  part  of  the  pos- 
terior  triangle  of  the  neck.  It  lies,  however,  on  a  somewhat  lower  level  than,  and 
anterior  to,  the  superficial  cervical,  lying  usually  behind  the  clavicle,  in  front  of  the 
subclaNian  artery,  and  resting  below  up>on  the  subclavian  vein.  It  is  continued  later- 
ally  beneath  the  trapezius,  to  which  it  sends  branches,  and,  having  reached  the 
upper  border  of  the  scapula,  it  passes  over  the  transverse  ligament  of  that  bone, 
or  occasionally  throiigh  the  suprascapular  notch,  into  the  supraspinous  fossa.  Here 
it  gives  branches  to  the  supraspinatus  muscle,  and,  winding  around  the  lateral 
border  of  the  spine,  passes  through  the  scapular  notch  into  the  infraspinous  fossa, 
Avhere  it  breaks  up  into  branches  supplying  the  infraspinatus  muscle  and  anastomos- 
ing  abundantly  and  widely  with  the  branches  of  the  dorsal  scapular  artery. 

5.  The  Transverse  Cervical. — The  transverse  cervical  (a.  transversa  colli) 
is  the  only  branch  which  arises  from  the  third  porti9n  of  the  subclavian.  It  also  is 
directed  laterally,  parallel  with  the  superficial  cer\'ical  and  suprascapular  arteries, 
about  midway  between  them,  but  on  a  much  deeper  level.  It  rests  uix)n  the  anterior 
surfeice  of  the  scalenus  medius  muscle,  and  upon  the  trunks  of  the  brachial  plexus, 
and,  f>assing  beneath  the  posterior  belly  of  the  omo-hvoid,  reaches  the  lower  portion 
of  the  levator  anguli  scapulae,  beneath  which  it  termina tes  by  dividing  into  ascending 
and  posterior  scapular  branches. 

Branches. — In  addition  to  the  two  terminal  branches.  the  transverse  cer\ical  gives  ofi 
branches  to  the  trapezius.  the  supraspinatus,  and  the  levator  anguli  scapula?  niuscles. 

(a)  The  ascending  terminal  branch  (ramus  ascendens)  passes  up\vard  to  supplythe  splenius 
muscles,  and  forms  anaslonioses  with  the  superficial  cer\ical. 

(d)  The  posterior  scapular  artery  ( ramus  descendens)  descends  along  the  entire  length of  the 
vertebral  border  of  the  scapula  beneath  the  rhoniboid  muscles.  It  supplies  these  muscles  and 
the  serratus  posticus  superior,  and  sends  branches  laterally  uix)n  lK)th  the  dorsal  and  ventral 
surfaces  of  the  scapula,  supplying  the  infraspinatus  and  subscapular  muscles  and  anastomosing 
with  the  dorsal  scapular  and  subscapular  arteries 

Anastomoses. — The  anastomoses  which  the  suprascapular  and  transverse  cer- 
vical arteries  make  with  the  branches  of  the  subscapular  arterv  from  the  axillary  are 
of  considerable  importance  in  the  establishment  of  the  collateral  circulation  from  the 
arni  after  ligation  of  the  third  portion  of  the  subclavian.  Additional  paths  which 
may  be  empIoyed  for  the  same  pur|X)se  are  afiorded  by  the  anastomoses  which 
occur  between  the  thoracic  branches  of  the  axillary  arterv  and  the  intercostal 
branches  of  the  superior  intercostal,  and  more  especiaHy  the  jK^rforating  branches  of 
the  intemal  mammary. 

Variations. — Verv  frecjnentlv  indeed  the  anastomosis  which  exists  betueen  the  ascending 
branch  of  the  transverse  and  the  su|>erficial  cer\ical  develops  to  such  an  extent  that  it  forms 
the  principal  chaniiel  by  \yhich  the  blood  reaches  the  posterior  scapular  from  the  subclavian, 
and  m  such  cases  the  inaiii  stem  of  the  transverse  cer\ical  disappears,  the  posterior  scapular 
then  becoming  a  temiinal  branch  of  the  sui>erficial  cer\'ical  This  arrangement  (Fig.  705)  is  of 
such  frequent  occurrence  that  it  is  regardeci  as  ihe  normal  one  by  many  authors.  \Vhen  this  is 
done.  the  name,  transverse  cervical,  is  applied  to  the  main  stem  of  the  superficial  cer\ical,  the 
latter  term  being  retained  for  ancj  limited  to  the  ascending  hninch  of  the  original  arter>'.  \\Tien 
this  arrangement  obtains,  there  is  no  branch  from  the  third  [x>rtion  of  the  subclavian  artery. 

THE   AXILLARY  ARTERV. 

The  axillary  arterv  (n.  axillaris)  (Figs.  704,  705)  is  the  continuation  of  the 
subclavian  through  thr  axillary  space.  It  begins  at  the  lower  border  of  the  first 
rib,  at  the  apex  of  the  axillary  space,  and  passes  downward  along  the  outer 
wall  of  the  s[)ace  to  the  loNver  lK>rder  of  the  teres  major,  \vhere  it  becomes  the 
brachial  arterv.  \V1umi  the  arm  is  abductcnl  to  a  position  at  right  angles  to  the 
axis  of  the  trunk.  thr  arterv  has  an  almost  straight  course.  which  may  Ik?  repre- 
scnted  by  a  line  clra\vn  from  the  middle  of  the  clavicle  to  a  i)oint  midway  between 
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the  anterior  surface  of  the  subscapularis  muscle.  Extcrnal  to  it  is  thc  outer  cord  of  the 
brachial  plexus,  and  internallv  thc  inner  cord,  which  separates  it  from  the  axillary  vein. 
In  its  third  portion  the  artery  is  covered  in  its  upper  half  by  the  lovver  part  of 
the  pectoraHs  major,  biit  in  its  lower  half  only  by  the  integument  and  the  sujxrrficial 
and  deep  fasci^e.  The  inner  head  of  the  median  nerve  passes  obliquely  across  its 
anterior  surface.  Posteriorly  it  is  in  relation  with  the  subscapularis,  latissimus  dorsi, 
and  teres  major,  in  that  order  from  above  down\vard,  a  considerable  amount  of  areolar 
tissue,  in  which  run  the  circumflex  and  musculo-spiral  nerves,  intervening,  hovvever, 
between  the  artery  and  the  muscles.  To  the  outer  side  are  the  median  and  musculo- 
cutaneous  nerves  and  the  coraco-brachialis  muscle,  while  internally  are  the  internal 
cutaneous  and  ulnar  nerves  and  the  axillary  vein. 

Branches. — Much  variation  occurs  in  the  arrangement  of  the  branches  of  the 
axillary  artery.  It  is  customary  to  recognize  seven  branches,  but  one  or  more  of 
them  is  frequently  absent  as  a  distinct  branch  arising  directly  from  the  artery. 
These  branches  are  arranged  as  follows  :  from  the  first  part  are  given  oflf  ( i )  the 
superior  thoracic  and  (2)  the  acromiaJ  thoracic  ;  from  the  second  part  (3;  the  long 
thoracic  and  (4)  the  alar  thoracic  ]  and  from  the  third  part  (5)  the  subscapular^ 
(6)  the  anterior  circumflcXy  and  (7)  lhQ posterior  circumjiex. 

Variations. — As  stated  in  the  description  of  the  variations  of  the  subclavian,  the  axillary 
arter>'  may  be  represented  by  two  parallel  vessels  which  arise  from  the  first  i)ortion  of  the  sub- 
clavian and  are  continued  belovv  into  the  radial  and  ulnar  ^rteries.  The  more  frequent  varia- 
tions, however,  concem  the  occurrence  of  additional  branches  from  the  axillary,  and  of  these 
thcre  mav  be  mentioned  the  occurrence  of  the  superior  profunda,  normallv  a  branch  of  the 
brachial,  but  not  infrequently  arising  from  the  axiUar>'  in  common  with  the  subscapular. 

Practical  Considerations. — The  axillary  artery  may  require  to  be  ligated  on 
account  of  wounds,  of  rupture,  of  high  aneurism  of  the  brachial,  or,  rarely,  in  distal 
ligation  for  subclavian  aneurism. 

IVounds  of  the  axillary  are  not  uncommon  when  the  vulnerating  body — a  knife- 
blade,  a  bullet,  etc. — is  directed  from  within  outvvard,  the  artery  in  ali  positions  of 
the  arm  maintaining  a  much  closer  relation  to  thq  outer,  or  humeral,  wall  of  the 
axilla  than  to  the  inner,  or  thoracic,  wall,  which  is  therefore  known  as  the  wall  o! 
safety.  It  is  always  \vell  in  such  cases  to  expose  the  artery  and  to  tie  both  ends,  as 
the  exact  source  of  the  bleeding  is  often  necessarily  in  doubt  and  the  free  anastomosis 
of  its  branches  is  likely  to  lead  to  secondary  hemorrhage  from  the  wound  if  the  vessel 
is  tied  in  continuity. 

Rupture  of  the  axillary  artery  has  occurred  in  a  considerable  number  of  cases  as 
an  accident  due  to  the  movements  employed  in  attempted  reduction  of  old  dislocations 
of  the  shoulder.  The  preponderance  of  arterial  as  compared  \vith  venous  rupture 
(twenty-six  out  of  twenty-eight  cases,  Stimson  ;  or  forty  out  of  forty-four,  Korte) 
is  striking,  the  greater  thinness  of  the  vein  and  its  attachment  to  the  costo-coracoid 
membrane — circumstances  that  would  seem  to  favor  its  rupture — being  more  than 
counterbalanced  by  the  greater  frequency  and  extent  of  atheromatous  degeneration 
and  consequent  loss  of  elasticitv  in  the  arterv,  and  possibly  by  the  greater  liability 
of  the  latter  to  undergo  tension  during  the  movements  of  abduction,  elevation,  and 
circumduction  (which  are  those  chiefiy  associated  \vith  the  accident  in  question),  and 
— ^as  the  outermost  or  rather  uppermost  vessel — to  contract  adhesion  to  the  displaced 
humeral  head. 

Aneurism  of  the  axillary  is  com parati velv  frequent,  as  might  be  expected  from 
the  number,  variety,  and  range  of  the  movements  of  the  shoulder-joint,  during  which 
the  vessel  is  subjected  to  strains  and  to  a  variety  of  flexures.  It  is  more  common  on 
the  right  side  on  account  of  the  more  general  use  of  the  right  arm,  and  afifects  oftenest 
the  third  |x)rti(>n  of  the  vessrl.  or  that  least  supported  by  surrounding  structures  and 
most  subjected  to  changcs  in  tension  and  f>osition  and  to  certain  injuries,  as  those 
which  occur  during  In.vation  of  the  shoulder  or  during  eflorts  at  reduction  {vide 
supra^.  On  account  of  the  looseness  of  the  tissue  in  \vhich  it  lies,»such  an  aneurism 
rapidly  attains  a  large  size  and,  hv  reason  of  the  minor  traumatisms  inflicted  during 
the  shoulder  movements,  is  especiallv  prone  to  inflammation. 
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the  vein  intemally.  The  internal  anterior  thoracic  ner\-e  is  sometimes  seen  coming 
out  between  the  vein  and  the  artery.  The  arm  should  be  brought  to  the  side  to 
relieve  tension  on  the  vessels,  especially  the  vein,  which  in  that  position  will  be  least 
prominent.     The  needle  should  be  passed  from  within  and  below  outward  and  upward. 

2.  With  the  arm  abducted,  so  as  to  make  evident  the  fissure  between  the  sternal 
and  clavicular  portions  of  the  pectoralis  major,  an  obliquc  incision  is  made  over  this 
space  and  will  usually  begin  about  a  half-inch  from  the  sterno-clavicular  joint  The 
muscular  interspace  having  been  exposed,  its  sides  are  separated,  not  direcdy  back- 
ward,  but  back\vard  and  upward  touards  the  clavicle.  The  arm  is  brought  to  the 
side  to  relax  the  pectoral  fibres.  The  pectoralis  minor  and  the  space  between  it  and 
the  clavicle  are  reachedj  and  if  the  latter  is  too  contracted,  the  muscle  may  be  divided 
close  to  the  coracoid  process.  The  artery  is  then  exposed  and  secured  as  in  the 
method  above  given. 

The  second portion  is  not  formally  ligated,  but  may  have  a  ligature  applied  when- 
ever,  as  in  the  last-mentioned  method.  the  lesser  pectoral  has  been  divided. 

Ligation  of  the  third  portion  of  the  subclavian  artery  is,  on  account  of  its  ease 
of  performance,  almost  invariably  preferred  to  any  of  these  operations. 

The  third  portion  of  the  axillary  is  that  almost  always  selected  for  ligation  of 
that  vessel,  for  a  similar  reason. 

The  line  of  the  vessel,  the  arm  being  at  right  angles  to  the  trunk,  is  from  the 
junction  of  the  anterior  and  middle  thirds  of  the  summit  of  the  axilla  to  the  middle  of 
the  bend  of  the  arm  at  the  elbow.  This  line  will  be  found  to  follow  the  inner  margin 
of  the  coraco-brachialis  muscle,  the  prominence  of  \vhich  may  be  seen  just  internal  to 
the  swell  of  the  biceps  where  it  emerges  from  beneath  the  anterior  axillary  fold.  An 
incision  is  made  on  this  line  through  the  skin  and  superticial  and  deep  fasciae,  and  the 
fibres  of  the  coraco-brachialis  margin  are  exposed  and  cleared.  Internally  to  them 
lies  the  vessel,  the  median  and  musculo-cutaneous  nerves  external  to  it,  and  the  inter- 
nal cutaneous  nerve  and  axillary  vein  on  its  inner  side. 

The  needle  should  be  passed  from  \vithin  outward. 

The  collateral  circiilation  is  established  after  ligation  of  the  Jirst  portion  above 
the  origin  of  the  acromial  thoracic  precisely  as  after  ligation  of  the  third  portion  of 
the  subclavian  (page  757).  After  ligation  of  the  third  portion  above  the  origin  of 
the  subscapular  the  anastomoses  take  plače  between  (a )  the  intercostals,  long  thoracic, 
posterior  scapular,  and  suprascapular,  and  (b)  the  acromial  thoracic,  on  the  cardiac 
side  of  the  ligature  ;  and  (^a)  the  subscapular,  and  {b)  the  posterior  circumflex  on 
the  distal  side. 

VVhen  the  vessel  has  been  tied  between  the  origins  of  the  subscapular  and  the 
two  circumflex  arteries — probably  the  point  of  election  (Taylor) — the  anastomoses 
occur  between  the  branches  of  the  axillary  and  those  of  the  thyroid  axis, — />.,  the 
suprascapular  and  acromial  thoracic  above  and  the  posterior  circumflex  below.  Stili 
lower, — i,e.,  below  the  circumflex  arteries — the  collateral  circulation  is  established 
just  as  after  ligation  of  the  brachial  above  the  superior  profunda  (q.v.). 

1.  The  Superior  Thoracic  Artery. — The  superior  or  short  thoracic  (a. 
thoracalis  snprema)  (^Pig.  704)  arises  just  after  the  axillary  has  emerged  from  beneath 
the  subclavius  muscle,  and  is  directed  dou^nu^ard  and  for\vard  to  the  first  intercostal 
space,  the  muscles  of  \vhich  it  supplies.  Not  infrequently  it  gives  of!  a  branch  which 
supplies  the  muscles  of  the  second  intercostal  space  also.  Its  branches  anastomose 
with  those  of  the  internal  mammarv  and  acromial  thoracic,  and  occasionally  its  plače 
is  taken  by  a  branch  from  the  latter  vessel. 

2.  The  Acromial  Thoracic  Artery. — The  acromial  thoracic  (a.  thoraco- 
acromialis)  (Fig.  705)  is  a  vcr\'  constant  branch  which  arises  from  the  front  of  the 
axillary  artery,  a  short  distance  l>elow  the  superior  thoracic.  It  is  directed  for^^•ard 
for  a  short  distance,  but  s<K)n  divides  into  thoracic,  clavicular,  and  acromio-humeral 
branches. 

Brmnches. — ia)  Tht*  thoracic  branches  (rami  pcctoralea)  pass  do\vn\vard  and  fon*-ard  to  the 
side  of  the  lhorax.  siippK  in^  tht-  niusck*s  of  the  second  and  third,  and  sometimes  of  the  foiirth 
and  fifth  intercostal  spact-s,  and  also  Rivin^  branches  to  the  pectoralis  major  and  the  pectoralis 
miner.     It  anastomoses  with  the  intercostal  arteries  and  the  superior  and  long  thoracics. 
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{6)  The  davicular  brancb,  which  is  the  smallest  uf  the  three,  pass«s  upward  tu  suppty  tbe 
sul>clHvius  iiiuscic,  aiui  aniistomosts  with  thc  supr.iscapular  anery. 

(i)  TIic  aCTomio-humeral  branch  imsscs  uptvard  und  uutward  across  tlic  i.'o!>t<.>-ct>r<tcuid 
nicitiibrant;  and  over  ilie  curacokl  process  (if  ihe  sciipul.i,  and  theii  dividcs  inio  an  avromtal  and 
a  A«<«c>a/ branih.  Tbt  (iiniier  (roniiiit  acraDiinliH)  imsseR  tipwnrd  ti>wards  th*:  acroniUI  pmccss. 
t(i  suppl)-  tlit  tklt»id  niusrlr,  uhile  ihi-  laltt-T  (rarauii  dcliuideuH)  lums  <lou'nward  Jn  thc  Ktoovcr 
betu-eeii  lile  delti  lid  and  ihe  clavirular  ]xinii)n  ol  ihc  [>ecti)ralis  iiiajur.  accimiiMiij^inK  thv  cephalic::^  . 
vetn.  It  sends  liranches  lii  ibe  tuo  adjaceiil  iniiscles  and  tu  the  iiile^funient,  and  aiiaslonioses^^ 
with  tbe  anleriiir  rimimfleJt  arlerv. 

3.  The  Long  Thoracic  Arteiy. — The  lonjj  thoracic  ( a.  thoradca  latenilis 
(Fig,  704)  is  a  soTm'wlwl  incotistmt  bnmch,  whose  plače  is  very  frttiuentlv  takcn  b~— ^ 
the  thoracic  braiich  of  the  acr»mial  th<iracic  or  l>y  a  branch  (rom  thc  subscapular.      1^^ 
passes  dottinvard  anti  for^ard  upon  ihe  serratiis  iiiajrnus,  sc^ndiiig  branches  to  thcr-^*— 
musclc,  the  |>ecti>ralis  jniiior,  and  the  miisck-s  of  tht  third,  fourth,  and  fifth  intercosL^s,^ 
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AitiTivs  <>l  |iosicTii>r  aspcct  o[  shoulder. 

s|>;io^.  It  als<i  s(-nds  braiich<.-s  to  tlii;  niainniary  gland  (rami  maminarli  cKtenii). 
whi-iici-  it  has  Wvn  Icrnuti  thc  e.rieriial  nmiimarv  arter>-.  It  anastomoses  with  the 
thoracic  branch  of  tht-  acromial  thoracic,  with  the  subscapular  and  the  intercostab. 
and  with  thc  perforatin^;  Ijranches  of  the  inicrnal  manimar\-. 

4.  The  Alar  Thoracic  Artery.— The  alar  thoracic  ( Kip.  704)  is  a  ver>-  incon- 
stam  small  branch  whicli  passcs  to  thc  fascia  and  Ivmphatic  fjlands  of  the  asillarj- 
spac<'.  lis  phice  mav  W  takeii  t)\-  Itnincties  froni  the  subscapular.  the  long  thoracic, 
or  the  thonicir  branch  of  tlic  acromial  thoracic. 

5.  The   Subscapular   Artery.— Tlic    siilwcapnlar    (a.   subscapnlaris)    (F^. 


5  the  ]arj;est  branch  of  thc 
Jott-.-r  bord.T  of  Ihe  siil>srapiilaris  1 
{i;ini(.il  bv  tbe  Ion',;  snliscapular  1 
itinscJe   as   far  asih,-  l..«,r  ant;le 


also 


soft— 


wcapii 


\illarv  and  arises' jnst  as  that  artery  crosses  the 
.ile.  It  passes  downward  and  inward.  accom- 
n'.  alnnt;  the  lower  border  of  the  subscapular 
thc  srapiila,  and  tlistributes  branches  through- 
id  tir<.-s  tnajor  and  to  the  latissimus  dorsi.    It 
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{a)  Thoracic  branches  (rami  thoracodorsales) ,  which  supply  the  serratus  magnus  and  the 
muscles  of  some  of  the  intercostal  spaces,  and  not  far  froni  its  origin  it  gives  off — 

(d)  The  dorsal  scapular  (a.  circumflex  acapulae).  This  vessel,  of  large  size,  winds  around 
the  axillar>'  border  of  the  scapula  in  the  triangular  space  bounded  by  the  teres  major,  the  teres 
mtnor,  and  the  long  head  of  the  triceps,  and  is  distribute<]  to  the  infraspinatus  and  the  teres 
minor. 

The  subscapular  artery  anastomoses  through  its  thoracic  branches  with  the  intercostals  and 
with  the  long  thoracic,  and  through  the  dorsal  scapular  with  the  suprascapular  and  |x>slerior 
scapular  arteries. 

Variations. — The  subscapular  artery  varies  somewhat  in  its  origin.  Occasionally  it  springs 
from  the  second  portion  of  the  axillary,  and  may  also  arise  from  the  brachial.  Quite  frequentTy 
it  arises  from  a  trunk  common  to  it  and  one  or  other  or  both  circumflex  arteries,  and  the  supe- 
rior  profunda  brachii,  normally  a  branch  of  the  brachial  arter)-,  may  also  arise  from  this  common 
trunlc. 

The  subscapular  has  been  observed  to  give  rise  to  an  aberrant  arter>'  which  passes  down 
the  arm  and  either  unites  with  the  brachial  or  else  becomes  the  ulnar,  or  may  even  extend  to 
the  neighborhood  of  the  wrist,  where  it  unites  with  a  branch  of  the  anterior  interosseous  artery 

to  form  the  radial. 

I 

6.  The  Anterior  Circumflex  Artery. — The  anterior  circumfiex  (a.  circum- 
flexa  hameri  anterior)  (Fig.  704)  is  the  smallest  of  the  three  branches  of  the  third 
portion  of  the  axillary,  and  arises  either  directly  from  the  artery  or  from  a  common 
trunk  with  the  jx)sterior  circumfiex  ;  more  rarely  it  arises  from  the  subscapular.  It 
passes  outward  beneath  the  coraco-brachialis  and  the  heads  of  the  biceps,  and  winds 
around  the  surgical  neck  of  the  humerus,  lying  close  to  the  bone.  Opjx)site  the 
bicipital  groove  it  gives  of!  a  branch  which  ascends  along  the  groove  to  be  distributed 
to  the  capsule  of  the  shoulder-joint,  and  it  also  sends  branches  to  the  coraco- 
brachialis  and  biceps.  It  terminates  by  anastomosing  with  the  posterior  circumflex 
and  with  the  humeral  branch  of  the  acromial  thoracic. 

7.  The  Posterior  Circum|iex  Artery . — The  posterior  circumflex  ( a.  cir- 
cnmflexa  humeri  posterior)  (Fig.  704)  arises  from  the  axillary,  almost  opposite  the 
anterior  circumfiex,  or  from  a  common  trunk  \vith  that  vessel  or  with  the  subscap- 
ular. More  rarely  it  may  arise  from  the  upper  part  of  the  brachial  artery.  It  passes 
backward  and  outward  through  the  quadrilateral  space  bc^unded  by  the  subscapularis 
above,  the  teres  major  below,  the  long  head  of  the  triceps  intemally,  and  the 
humerus  externally,  and  winds  around  the  jX)sterior  surface  of  that  bone  at  the  level 
of  its  surgical  neck.  Passing  under  the  deltoid  muscle  externally,  it  divides  into 
a  number  of  branches,  most  of  which  pass  into  the  muscle  to  supply  it,  while  some 
pass  to  the  shoulder-joint.  It  anastomoses  with  the  acromial  branch  of  the  acromial 
thoracic,  with  the  anterior  circumflex,  and  \vith  the  superior  profunda  branch  of  the 
brachial. 

THE    BRACHIAL   ARTERV. 

The  brachial  artery  (a  brachialis)  (Figs.  708,  709)  is  the  continuation  of  the 
axillary  down  the  arm.  It  begins  at  the  lo\ver  border  of  the  teres  major  and  termi- 
nates a  little  beloNv  the  bend  of  the  elbow  by  dividing  into  the  radial  and  ulnar 
arteries.  In  the  upper  part  of  its  course  the  vessel  lies  along  the  inner  side  of  the 
arm,  but  as  it  passes  cl()wnward  it  inclines  some\vhat  outward,  so  that  in  its  lower 
part  it  is  on  the  anterior  suriace  of  the  brachium.  Its  course  may  be  indicated  by  a 
line  drawn  from  the  junction  of  the  outer  and  middle  thirds  of  the  folds  of  the  axilla 
to  a  point  mi(i\vay  betwec*n  the  condvles  of  the  humenis. 

Relations. — Anicrior/v  the  brachial  artery  is  covered  throughout  the  greater 
part  of  its  course  hy  onlv  the  dcep  and  superficial  fascia^and  the  intcgumcMit.  Al)out 
the  middle  of  ils  Irnij^th  it  is  crosscd  ohliquely,  from  without  inwar(i,  l)y  the  median 
nerve,  and  at  tlir  hcnd  of  the  cMkuv  it  passes  l>eneath  the  aponcurotic  slip.  the 
so-called  bicipitil  fast  ia  ( lacertus  tibrosus )  from  the  tendon  of  the  biceps,  and  is 
separated  hv  it  from  tlu'  median  biisilic  vein.  Posteriorly  it  rests  in  succession,  from 
above  dou-nuanl,  upon  the  long  head  of  the  triceps,  the  inner  head  of  the  triceps, 
the  insertion  of  ihe  roraco-hrachialis,  and  the  brachialis  anticus.  The  musculo-spiral 
nerve  and  the  superior  profunda  artery  pass  downwar(l  and  inward  between  the 
vessel  and  the  long  head  of  the  triceps.     fixternaHy  to  it,  alx>ve,  is  the  median  nerve 
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and  termi nates  by  dividinj^  into  three  branches  .   (i)  the  inferior  thyrotd,  (2;  t 
siiperjicial  cen^kal,  and  (3)  rkvn  siiprascapular. 

(,a)  The  inferior  thyroid  artery  (a,  th}reoidca  inferiorj   (Fig.  692)  is  i 
largest  of  the  branches  which  arise  from  the  thyroid  axis.      It  passes  at  first  ve 
cally  upvvard  to  about   the  le  vel  of   the  transverse  process  of   the   sixth  cer\'i 
vertebra,  and  then  bends  medially.      It  passes  behind  the  conimon  carotid  arte 
the  internal  jugular  vein,  and  the  pneumogastric  nene,  either  behind  or  in  front 
the  recurrent  laryngeal  nerve  and  in  front  of  the  vertebral  artery,  and  finally  brea 
up  into  branches  which  supply  the  lovver  part  of  the  thyroid  gland  and  anastomcrz: 
with  their  fellous  of  the  opposite  side  and  vvith  the  superior  thyroid  artery. 

Branches. — In  addition  to  these  terminal  branches,  the  inferior  thyroid  g^ves  origin  to 
follouing  arteries  : 

{aa)  Muscular  branches  to  the  scalenus  anticiis  and  the  inferior  constrictor  of  the  phar>'i 

(dd)  The  ascending  cervical  artery  (a  cenicalis  ascendens)  frecjucntl)*  arises  directly 
the  thyroid  axis  and  passes  vertically  upuard,  parallel  tt)  the  phrenic  nerve,  in  the  inter\'aJ 
tueen  the  scalenus  anticus  and  the  rectiis  capitis  anticus  major.     It  supplies  the  deep  muscr-^ 
of  the  neck,  sends  branches  throiigh  the  spinal  foramina  which  accompany  the  spinal  bnincl 
of  the  vertebral  arterv,  and  anastomoses  with  the  vertebral,  the  occipital,  the  ascending  phai 
geal,  and  the  deep  cer\'ical  arteries. 

(rr)  The  inferior  laryngeal  arterjr  (a.  larjngea  inferior)  passes  upu^ard  in  the  groo\*c 
tween  the  trachea  and  cesophagus  in  company  with  the  recurrent  lar>^ngeal  nerve.     It  pas 
beneath  the  lovver  border  of  the  inferior  constrictor  of  tlie  pharynx  and  enters  the  Iar>'nx ,«. 
whose  mucous  membrane  and  muscies  it  is  distributed.     It  anastomoses  with    the  supei 
laryngeal  branch  of  tlie  superior  thyroid.  , 

Finallv,  it  >^ves  ofF  small  branches  to  the  pharynx,  (esophagiis,  and  trachea.  one  of  th  ^*>« 
to  the  last-named  stnicture  extending  down  upon  its  latenil  surface  to  anastomose  below  vv^-ith 
the  bronchial  arteries. 

The  anastomoses  which  the  inferior  thyroid  makes  by  its  thyroid  branches  with  the  si 
rior  thyR)id  and  by  its  ascending  cervical  branch  vvith  the  occipital  constitute  imf)ortant 
tions  betvveen  tlie  subclavian  and  carotid  svstems  and  play  an  imiH)rtant  part  in  theestabl 
ment  of  the  collateral  circulation  after  ligation  of  the  common  carotid  artery. 

Variations. — ^The  thyroid  axis  occasionally  arises  under  cover  of  or  even  lateral  to  the 

scalenus  anticus,  and  it  may  be  entirely  uanting,  its  branches  arising  directly  from  the  sul 
vian.    The  inferior  thvroid  may  l)e  absent  on  one  side  or  on  both,  and  its  size  varies  invi 
to  the  development  ot  its  fellovv  of  the  opposite  side  or  to  that  of  the  superior  th>'roid 


Practical  Considerations. — The  inferior  thyroid  may  be  tied  for  a  wound^  or 
durinjjf  the  operation  of  thyroidectomy.  It  has  been  frequently  tied,  in  conjunct^  Jon 
with  the  superior  thyroid,  in  various  forms  of  goitre,  but  the  procedure  has 
abandoned.  It  may  be  reached  through  the  incision  for  tying  the  carotid  below 
omo-hyoid  (page  732).  The  sterno-mastoid  and  the  carotid  sheath  and  its  contc^"  ^f 
are  dravvn  outvvard.  The  carotid  tubercle  being  found,  the  inferior  thyroid  sho  ^»Jd 
be  soujrht  for  at  a  slijj;htly  lovver  level, — opposite  the  body  of  the  sixth  cervical  w^W" 
tebra  or  alx)ut  the  level  of  the  omo-hyoid  crossinj^, — coming  out  from  behind  "^^ 
sheath  of  the  j^reat  vessels  and  runninj^^  in  front  of  the  vertebral  artery  obliqur  «y 
upu-ard  and  invvard  touards  the  gland.  It  should  be  remembered  that  before  enC^  ^' 
ing  the  gland  it  lies  for  a  short  distance  close  to  its  posterior  surface,  and  that  "^^ 
recurrent  larvngeal  nerve  is  in  intimate  relation  to  this  part  of  the  vessel  or  to  '^ 
terminal  branches.  It  should  therefore  be  tied  in  the  fissure  between  the  oesophafvS^ 
and  the  great  vessels,  as  close  to  the  carotid  sheath — /.^.,  as  far  from  the  infec  ^^ 
angle  of  the  gland — as  possible,  to  avoid  inclusion  of  this  nerve.  The  middle 
vical  ganglion  of  the  svmpathetic.  the  phrenic  and  the  descendens  hypoglossi  nen' 
and,  on  the  left  side,  the  thoracic  duct  should  be  carehilly  avoided. 

(d)  The  superficial  cervical  artery  (n.  ccr\icalis  superficialis)    (F^ig.  "jc^S) 
passes  alniost  direCtly  laterallv  from  the  thvroid  axis.  pitssing  in  front  of  the  scalen«** 
anticus  and  then  across  the  lovver  i)art  of  the  posterior  triangle  of  the  neck  at  a  le^'^ 
of  al>out  25  cm.  aUive  the  clavide.      Arrived  at  the  anterior  border  of  the  trapeziu* 
it  i)a.s.ses  lH'neath  that  muscle  and  breaks  up  into  ascending  and  desccnding  branchc* 
which  supply  the  trapczius,   the  levator  anguli  scapulie,  the  rhomboidei,  and  tbe 
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»plenii.  The  ascending  branches  anastomose  with  the  deep  and  ascending  cer\'ical 
irteries,  and  with  the  princeps  cervncis  of  the  occipital  and  the  descending  branches 
vith  the  suprascapular  and  transverse  cervical. 

(r)  The  suprascapular  artery  (a.  transversa  scapuls)  (Fig.  704),  like  the 
luperticial  cervical,  passes  almost  directly  laterally  across  the  lower  part  of  the  ik)s- 
erior  triangle  of  the  neck.  It  lies,  however,  on  a  somevvhat  lower  level  than,  and 
unterior  to,  the  superhcial  cervical,  lying  usually  behind  the  clavicle,  in  front  of  the 
iubcla\nan  artery,  and  resting  below  upon  the  subclavian  vein.  It  is  continued  later- 
Jly  beneath  the  trapezius,  to  which  it  sends  branches,  and,  having  reached  the 
ipper  border  of  the  scapula,  it  passes  over  the  transverse  ligament  of  that  bone, 
)r  occasionally  through  the  suprascapular  notch,  into  the  supraspinous  fossa.  Here 
t  ipves  branches  to  the  supraspinatus  muscle,  and,  \vinding  around  the  lateral 
>order  of  the  spine,  passes  through  the  scapular  notch  into  the  infraspiiious  fossa, 
vhere  it  breaks  up  into  branches  supplying  the  infraspinatus  muscle  and  anastomos- 
ng  abundantiy  and  widely  with  the  branches  of  the  dorsal  scapular  artery. 

5.  The  Transverse  Cervical. — ^The  transverse  cervical  (a.  transversa  colli) 
s  the  only  branch  which  arises  from  the  third  portipn  of  the  subclavian.  It  also  is 
Jirected  laterally,  parallel  with  the  superficial  cer\'ical  and  suprascapular  arteries, 
ibout  midway  between  them,  but  on  a  much  deeper  level.  It  rests  upon  the  anterior 
»urfeice  of  the  scalenus  medius  muscle,  and  upon  the  trunks  of  the  brachial  plexus, 
ind,  passing  beneath  the  jX)sterior  belly  of  the  omo-hyoid,  reachcs  the  lower  portion 
>f  the  levator  anguli  scapulse,  beneath  which  it  terminates  by  dividing  into  ascending 
ind  posterior  scapular  branches. 

Branches. — In  addition  to  the  two  terminal  branches.  the  transverse  cer\ical  gives  off 
branches  to  the  trapezius.  the  supraspinatus,  and  the  levatt^r  anguli  scapula?  nuiscles, 

(a)  The  ascending  terminal  branch  (ramus  ascendens)  passes  upuard  to  supply  the  splenius 
muscles,  and  forms  anastomoses  with  the  superficial  cervical. 

{b)  The  posterior  scapular  artery  ( ramus  descendens)  descends  along  the  eiuire  length  of  the 
vertebral  border  of  the  scapula  beneath  the  rhoniboid  muscles.  It  supplies  these  muscles  and 
the  serratus  posticus  superior.  and  sends  branches  lalerally  u|>on  l)oth  the  dt)rsiii  and  veiitral 
surfaces  of  the  scapula,  supplying  the  infraspinatus  and  subscapular  muscles  and  anastomosing 
with  the  dorsal  scapular  and  subscapular  arteries 

Anastomoses. — The  anastomoses  which  the  suprascapular  and  transverse  cei- 
\'ical  arteries  make  vvith  the  branches  of  the  subscapular  arterv  from  the  axillary  are 
of  considerable  im|K)rtance  in  the  establishment  of  the  collateral  circulation  from  the 
arm  after  ligation  of  the  third  portion  of  the  subclavian.  Additional  paths  \vhich 
niay  be  employed  for  the  same  purpose  are  aflfordc^l  by  the  anastomoses  which 
occur  between  the  thoracic  branches  of  the  axillary  artery  and  the  intercostal 
branches  of  the  suf>erior  intercostal,  and  more  especiaHy  the  perforating  branches  of 
the  intemal  mammary. 

Variations. — Ver\'  fretjuentlv  indeed  the  anastomosis  which  exists  between  the  ascending 
branch  of  the  transverse  and  the  superficial  cer\ical  develops  to  such  an  extent  that  it  forms 
the  principal  channel  by  \vhich  the  blcHKl  reaches  the  posterior  scapular  from  the  subclavian, 
and  m  such  cases  the  main  stem  of  the  transverse  cervical  disappears,  the  posterior  scapular 
then  becoming  a  terminal  branch  of  the  sui>erficial  cervical  This  arranjjenient  (Fig.  705)  is  of 
such  frequent  occurrence  that  it  is  regardeu  as  the  nomial  one  by  many  authors.  \Vhen  this  is 
done.  the  name,  transverse  cervical,  is  applied  to  the  main  stem  of  the  superficial  cervical,  the 
latter  term  being  retained  for  ancj  limilecl  to  the  ascending  braiicli  of  the  original  artery.  \Vhen 
this  arrangement  obtains,  there  is  no  branch  from  the  third  portion  of  the  subclavian  artery. 

THE   AXILLARY  ARTERV. 

The  axillary  arterv  Ta.  a\illaris)  (Figs.  704,  705")  is  the  continuation  of  the 
subclavian  through  the  axillary  space.  It  begins  at  the  lo\ver  border  of  the  first 
rib,  at  the  apex  of  the  axillary  space,  and  passes  do\vnward  alontj  the  outer 
wall  of  the  space  tc^  the  l(>\ver  lM)r(lcr  of  the  teres  major,  \vhere  it  In^comes  the 
brachial  artery.  \Vli<'n  the*  arm  is  alHluct<<l  to  a  position  at  right  angles  to  the 
axis  of  the  tnmk.  the  artiTv  has  an  almost  straight  course,  which  mav  lx'  repre- 
sented  by  a  line  tlraun  from  the  middle  of  the  clavicle  t<^  a  point  midway  bet\veen 
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o  con(lyl«^  of  the  liuintrus.      Wheii,  liovcever.  tlic  arm  hangs  verticallv,  ihe- 
is  sli){htly  cur\'i.-d,  tlit;  ciiii\-i'xity  of  the  curve  loukiiijr  iipuurd  and  outward. 
ielations. — F"or  oinvcnioncc  in  iloscription  it  is  custoinary  to  regard  the  anil- 
arterv  :is  coiisistici^;  i>f  llirti-  purtioiis,   tlie  tirst  <if  which  is  above  the  uppei —     -j 
;r  of  thg  pecloralis  iiuinir,  tlic  sccond  btlilnd  that  masclc,  and  the  third  belotk ^ 

The  first  portion  of  the  arn.-ry  is  covurud  aiitcrior1y  by  ihc  cla\icular  ponior ^ 

he  pectoralis  inajor.  t)y  tlie  costo-c-oracoid  iiivinbrHne  uhieh  se|>arates  it  from  th^^^ 
halic  vein  aiid  the  l>ranches  oi  thf  acroniio-thoracic  artery.  hikI  l>y  the  subclaviu  ^ 
iscle.     The  artery  is  enclosed  alonj;  with  its  acc<jin|>aiiyin)r  \fiii  aiid  the  cords  <  ^' 


thi-  l.r;uhial  i.l.\n>  in  a  tlowiiwii 

ni  pruliinjrii 

a.iilUtir  ihiatli.  ;inil  r.Ms  lichiiiil 

ii|mjii  the  ti 
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The  inH' 
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Iv   1>.'hiud. 
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)V<-,  at   tln- 
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th..ra.-i.-  n 
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lal  anttrior  thoracic  uikI  the  poster''^'!^ 
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the  anterior  surface  of  the  subscapularis  muscle.  External  to  it  is  the  outcr  cord  of  the 
brachial  plexus,  and  internallv  the  inner  cord,  vvhich  separates  it  from  the  axillary  vein. 
In  its  third  portion  the  artery  is  covered  in  its  up|:)er  half  by  the  lo\ver  part  of 
the  pectoralis  major,  but  in  its  lower  half  only  by  the  integument  and  the  superficial 
and  deep  fasciac.  The  inner  head  of  the  median  nerve  passes  obliquely  across  its 
anterior  surface.  Posteriorly  it  is  in  relation  with  the  subscapularis,  latissimus  dorsi, 
and  teres  major,  in  that  order  from  above  downward,  a  considerable  amount  of  areolar 
tissue,  in  uhich  run  the  circunifiex  and  musculo-spiral  nerves,  interv^ening,  however, 
between  the  artery  and  the  muscles.  To  the  outer  side  are  the  median  and  musculo- 
cutaneous  ner\'es  and  the  coraco-brachialis  muscle,  while  intemally  are  the  internal 
cutaneous  and  ulnar  nerves  and  the  axillary  vein. 

Branches. — Much  variation  occurs  in  the  arrangement  of  the  branches  of  the 
axillary  artery.  It  is  customary  ta  recognize  seven  branches,  but  one  or  more  of 
them  is  frequently  absent  as  a  distinct  branch  arising  directly  from  the  artery. 
These  branches  are  arranged  as  follows  :  from  the  first  part  are  given  oflf  ( i )  the 
superior  thoracic  and  (2)  the  acromial  thoracic  ;  from  the  second  part  (3)  the  long 
thoracic  and  (4)  the  alar  thoracic,  and  from  the  third  part  (5)  the  sudscapu/ar, 
(6)  the  anterior  ctraunjlex\  and  (7)  \ki^  posterior  circumji€x. 

Variations. — As  stated  in  the  description  of  the  variations  of  the  subclavian,  the  axt]lary 
arler>'  may  be  represented  by  two  parallel  vessels  \vhich  arise  from  the  first  portion  of  the  sub- 
clavian and  are  continued  below  into  the  radia!  and  ulnar  arteries.  The  more  frequent  varia- 
tions, however,  concem  the  occurrence  of  additional  branches  from  the  axillary,  and  of  these 
there  mav  be  mentioned  the  occurrence  of  the  superior  profunda,  normallv  a  branch  of  the 
brachial,  out  not  infrequently  arisinj?  from  the  axillar>'  in  common  with  the  subscapular. 

Practical  Considerations. — The  axillary  artery  may  require  to  be  ligated  on 
account  of  wounds,  of  rupture,  of  high  aneurism  of  the  brachial,  or,  rarely,  in  distal 
l^tion  for  subclavian  aneurism. 

JVounds  of  the  axillary  are  not  uncommon  when  the  vulnerating  body — a  knife- 
blade,  a  bullet,  etc. — is  directed  from  within  outward,  the  artery  in  aH  positions  of 
the  arm  maintaining  a  much  closer  relation  to  th^  outer,  or  humeral,  wall  of  the 
axilla  than  to  the  inner,  or  thoracic,  wall,  which  is  therefore  known  as  the  wall  of 
safety.  It  is  always  well  in  such  cases  to  expose  the  artery  and  to  tie  both  ends,  as 
the  exact  source  of  the  bleeding  is  often  necessarily  in  doubt  and  the  free  anastomosis 
of  its  branches  is  likely  to  lead  to  secondary  hemorrhage  from  the  wound  if  the  vessel 
is  tied  in  continuity. 

Rupture  of  the  axillary  artery  has  occurred  in  a  considerable  number  of  cases  as 
an  accident  due  to  the  movements  employed  in  attempted  reduction  of  old  dislocations 
of  the  shoulder.  The  preponderance  of  arterial  as  compared  with  venous  rupture 
ftwenty-six  out  of  twenty-eight  cases,  Stimson  ;  or  fortv  out  of  forty-four,  Korte) 
is  striking,  the  greater  thinness  of  the  vein  and  its  attichment  to  the  costo-coracoid 
membrane — circumstances  that  would  seem  to  favor  its  nipture — being  more  than 
counterbalanced  by  the  greater  frequency  and  extent  of  atheromatous  degeneration 
and  consequent  loss  of  elasticitv  in  the  arterv,  and  possihlv  by  the  greater  liability 
of  the  latter  to  undergo  tension  during  the  movements  of  abduction,  elevation,  and 
circumduction  (which  are  those  chiefly  associated  \vith  the  accident  in  question),  and 
— as  the  outermost  or  rather  uppermost  vessel — to  contract  adhesion  to  the  displaced 
humeral  head. 

Aneurispn  of  the  axillary  is  comparativelv  frequent,  as  might  be  expected  from 
the  number,  varietv,  and  range  of  the  movements  of  the  shoulder-joint,  during  which 
the  vessel  is  subjected  to  strains  and  to  a  varietv  of  flexures.  It  is  more  common  on 
the  right  side  on  account  of  the  more  general  use  of  the  right  arm,  and  affects  oftenest 
the  third  portion  of  the  vessel,  or  that  least  supported  hy  surnnmding  structures  and 
most  subjected  to  changes  in  tension  and  position  and  to  certain  injuries,  as  those 
which  occur  during  ]uxation  of  the  shoulder  or  during  cfforts  at  reduction  (vide 
supra).  On  acrount  of  the  looseness  of  the  tissue  in  \vhi(  h  it  lies.»surh  an  aneurism 
rapidly  attains  a  large  size  and.  hy  reason  of  the  minor  traumatisms  inflicted  during 
the  shoulder  movements,  is  especially  prone  to  inflammalion. 
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The  sympioms  are  {a)  suvlling  showing  immediatel/  below  the  cU\-icle  (iix 
(ohrenheim's  fossa)  and  |>ushiii)r  that  bone  upward  if  the  tirst  portion  is  involved. 
r  pushing  the  pectoral  iiiuscks  fonsard  if  the  aneurisni  is  louer,  or  appearing  as  a. 
lulsatiiig  tumor  in  the  axilla  if.  the  third  portiun  is  involved  :  {b')vsdema  of  the  arm 
ind  hand  from  pressure  on  the  axillary  vein  :  (  r)  pain  dowii  the  ann,  in  the  shoulder 
and  neck,  and  down  the  side  of  tht  chest,  and  /cebleness  and  limitaiion  of  shoulder 
and  arm  movements  froni,  first,  sparili,  then  paresis  of  the  associated  musclcs,  ali  du^ 
to  pressure  on  the  hrachial  plexus  aiiti  its  brunches. 

Digilal  compression  of  the  a.\illar>'  artery  is  oiily  cffectively  possible  in  the  loweK- 
part  of  the  third  portion,  »here.  with  the  fingcrs  beneath  thi:  anterior  axil]ary  fold  ^ 

Fig.  706. 


the  \essel,  if  the  effcirl  is  madc  with  dne  čare  anci  gontleness.  niay  be  flattened  agaii  ^^ 
the  humerus  just  within  the  edjie  of  the  nir;iro-l>r:ichialis  and  biceps. 

IJgalhn  of  the  firsl  portim  nia\-  t>e  tffi-rtt-d  \\\  two  ways  :  i.  \Vith  the  »K^^^ 
abdiicted  to  a  ri^ht  an^le.  an  incisinn  three  inchcs  lung,  HiiRhtly  convex  doHnuar"""''^; 
and  with  its  centre  at)oiit  an  incli  b<-low  the  niiddle  nf  the  clavicle.  is  made  throujs^^^ 
the  skin,  su|KTficial  fiiscia,  and  ]»tatysma.  Th<-  roi»halic  vein  and  the  descendi*^5* 
branch  of  the  acmmial  ihoracic  artcrv  »ill  \k  sif  n.  just  beneath  the  fascia,  in  ti^^ 
Kro()ve  tietw(.t-n  the<leltoidan<lf,'rc;Her  i^-cioral  mnscles.     Theouter  clavicular  •ih*"'!^^ 

of  the  pccloralis  major  aro  then  divided  dose  ti)  th*-  clavicle  :  the  interpectoral  ai ^ 

axillary  fasria  and  some  loose  ronn<Ttive  tissue  are  broken  Hp  :  the  upper  border  " 
the  pectoralis  minnr  is  identitied  and  traced  ii)  the  coracoid  process  ;  the  costo-cor"^" 
coid  membrane  is  cautiously  cnt  throiiKli  by  a  vertioal  incision  close  to  the  coracoic'''' 
the  artcr>-  is  tlien  sou^ht  for,  lyinK  between  ilie  tirachial  plesns  of  ner\'ea  externa]l>-  ar»*' 
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the  vein  intemally.  The  internal  anterior  thoracic  nerve  is  sometimes  seen  coming 
out  between  the  vein  and  the  artery.  The  arm  should  be  brought  to  the  side  to 
relieve  tension  on  the  vessels,  especially  the  vein,  which  in  that  position  will  be  least 
prominent     The  needle  should  be  passed  from  within  and  below  outward  and  upward. 

2.  With  the  arm  abducted,  so  as  to  make  evident  the  fissure  between  the  sternal 
and  clavicular  portions  of  the  pectoralis  major,  an  oblique  incision  is  niade  over  this 
space  and  will  usually  begin  about  a  half-inch  from  the  sterno-clavicular  joint  The 
muscular  interspace  having  been  exf)osed,  its  sides  are  separated,  not  direcdy  back- 
ward,  but  backward  and  upward  towards  the  clavicle.  The  arm  is  brought  to  the 
side  to  relax  the  pectoral  fibres.  The  pectoralis  minor  and  the  space  bet^jv-een  it  and 
the  clavicle  are  reached^  and  if  the  latter  is  too  contracted,  the  muscie  may  be  divided 
dose  to  the  coracoid  process.  The  artery  is  then  exposed  and  secured  as  in  the 
method  above  given. 

The  second portion  is  not  fomially  ligated,  but  may  have  a  ligature  applied  when- 
ever,  as  in  the  last-mentioned  method,  the  lesser  pectoral  has  been  divided. 

Ligation  of  the  third  portion  of  the  subclavian  artery  is,  on  account  of  its  ease 
of  performance,  almost  invariably  preferred  to  any  of  these  operations. 

The  third  portion  of  the  axillary  is  that  almost  always  selected  for  ligation  of 
that  vessel,  for  a  similar  reason. 

The  line  of  the  vessel,  the  arm  being  at  right  angles  to  the  trunk,  is  from  the 
junction  of  the  anterior  and  middle  thirds  of  the  summit  of  the  axilla  to  the  middle  <A 
the  bend  of  the  arm  at  the  elbow.  This  line  will  be  found  to  follow  the  inner  margin 
of  the  coraco-brachialis  muscie,  the  prominence  of  which  may  be  seen  just  internal  to 
the  swell  of  the  biceps  where  it  emerges  from  beneath  the  anterior  axillary  fold.  An 
incision  is  made  on  this  line  through  the  skin  and  superticial  and  deep  fasciae,  and  the 
fibres  of  the  coraco-brachialis  margin  are  exposed  and  cleared.  Internally  to  them 
lies  the  vessel,  the  median  and  musculo-cutaneous  nerves  external  to  it,  and  the  inter- 
nal cutaneous  ner\'e  and  axillary  vein  on  its  inner  side. 

The  needle  should  be  pKissed  from  \vithin  outvvard. 

The  collateral  circidation  is  established  after  ligation  of  the  first  portion  above 
the  orig^n  of  the  acromial  thoracic  precisely  as  after  ligation  of  the  third  portion  of 
the  subclavian  ( page  757 ).  After  ligation  of  the  third  portion  above  the  origin  of 
the  subscapular  the  anastomoses  take  plače  between  {d)  the  intercostals,  long  thoracic, 
posterior  scapular,  and  suprascapular,  and  (3)  the  acromial  thoracic,  on  the  cardiac 
side  of  the  ligature  ;  and  (a)  the  subscapular,  and  (^)  the  posterior  circumfiex  on 
the  distal  side. 

When  the  vessel  has  been  tied  between  the  origins  of  the  subscapular  and  the 
two  circumfiex  arteries — probably  the  point  of  election  (Taylor) — the  anastomoses 
iccur  betA»'een  the  branches  of  the  axillary  and  those  of  the  thyroid  axis, — i.e,^  the 
suprascapular  and  acromial  thoracic  above  and  the  posterior  circumfiex  below.  Stili 
ower, — i.e,,  bolow  the  circumflex  arteries — the  collateral  circulation  is  established 
ust  as  after  ligation  of  the  brachial  above  the  sui)erior  profunda  (^.  t'. ). 

1.  The  Superior  Thoracic  Artery. — The  superior  or  short  thoracic  (a. 
Jioracalis  saprema)  (Fig.  704)  arises  just  after  the  axillary  has  emerged  from  beneath 
:he  subclavius  muscie,  and  is  directed  downward  and  for>*'ard  to  the  first  intercostal 
»pace,  the  muscles  of  \vhich  it  supplies.  Not  infrequently  it  gives  of!  a  branch  which 
supplies  the  muscles  of  ihe  second  intercostal  space  also.  Its  branches  anastomose 
srith  those  of  the  internal  mammarv  and  acromial  thoracic,  and  occasionallv  its  plače 
is  iaken  bv  a  branch  from  the  latter  vessel. 

2.  The  Acromial  Thoracic  Artery. — The  acromial  thoracic  (a.  thoraco- 
Bcromialis)  (Fig.  705)  is  a  ver\'  constant  branch  which  arises  from  the  front  of  the 
axillary  artery,  a  short  distance  1k*1ow  the  superior  thoracic.  It  is  directed  fon^ard 
for  a  short  distance,  but  soon  divides  into  thoracic,  clavicular,  and  acromio-humeral 
branches. 

Brmnches. — f/7)  Tlu*  thoracic  branches  (rami  pectorales)  pass dounuard  and  fon*'ard  t«»the 
side  of  the  thc^rax.  supplvin^:  the  muscles  of  the  second  and  third,  and  sometimt^  of  the  foiirth 
and  fifth  intercostal  spaoes,  and  also  ^ivin^  branches  to  the  pectoralis  major  and  the  ptfCtoralis 
minor.     It  anastomoses  uith  tlie  intercostal  arteries  and  the  superior  and  long  thoracicR. 
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[d)  Tht:  clavicular  bnnch,  whii:h  is  thc  STnull<:«t  of  tlit.'  tlirit,  pnssirs  upward  tu  stippl>  tlie 
siil>chi\ius  nHiscIt,  aiid  iinčistomoscs  »itli  llii;  supriusciipular  iintr)-. 

((1  Tlit  acromio-humcral  branch  iNissts  iipu-urd  aii<l  iiulwHrcl  iic«>ss  tht  ciKitu-i^racuid 
nieiiil>riiiit.-  itnd  ovtr  tlic-  uuracoici  prucess ut  tlie  scapiiLi,  iind  llieii  dividcs  itiUi  an  airaiiiial und 
a  humcral  l>r;incli.  Tlie  fonnrr  ( ramiiH  acrominliH}  pjissts  upward  liiuards  tht-  arroniial  pnict^ss 
to  htippl)'  llic  di-llciid  iliusck'.  «llile  lIli;  liitttr  (ramus  (lelioideun I  tlinis  doujiuiird  iii  tlie  jinurt« 
bctu-tt-ii  llic  dtlmid and  ihi; clavinilar  iKirtii>n  tif  llio pwti)ralis major.  aircoiTipaii) inulht- ii-phalic 
vein.  It  SL-tuls  bninclifs  to  thir  lun  adjaceiit  imi.sclts  and  to  tlie  iiiti-Kiimi^nl,  and  .inastomoses 
wilh  ihf  ai>terior  circuniflt.\  arterj-. 

3.  The  Long  Thoracic  Artery. — The  \>m^  thoracic  (a.  thoracica  lateralis) 
(Fig.  704  (  is  a  somewliat  inainstant  Itranch.  wh<ise  plače  is  \ery  fr«quently  takt-n  by 
thc  thoracic  braiich  of  the  acnimial  thoracic  or  liy  a  branch  Irom  thc  subsc.tpular.  It 
passes  (lown»ar(l  and  forw:ird  tipoti  the  scrratiis  niaj;nus,  sciidinf;  branchcs  to  that 
miisclf.  ihe  pectoralis  minor,  and  thc  inusclts  of  tlie  tiiinl,  fourth,  and  fifth  intercostal 


siHKfs,  It  also  scnils  brancht-s  tn  the  mamniarv  gland  (rami  itiamniarii  extenii), 
wln.-nco  it  has  bt-en  term«!  the  exiema/  maiiiiuarv  arter>'.  It  anastomosta  with  the 
Ihiiracic  branch  of  thi-  acromial  thoracic,  with  the  snbscapular  and  thc  intercostak, 
and  \vith  the  pt-rforatinjj  limnches  of  thc  intcmal  inammair. 

4.  The  Alar  Thoracic  Artery.— The  alar  thoracic  ( Fig,  704 )  is  a  verv-  incon- 
stant  Miiall  brandi  \vhidt  jKisses  to  ihc  fascia  an.l  Iviiiphatic  j;lands  of  the  axillar>' 
sj)ace.  l!s  plače  mav  K-  takon  by  branclics  froni  the  siit>scapiilar.  thc  Ioiir  thoracic, 
<ir  thi-  thoracic  branch  of  ttie  acromial  thoracic. 

5.  The  Subscapular  Artery.— Th<-  suliscapnlar  fa.  siitiscapularisj  (Fi(i. 
71-4  ■  is  the  largest  liranch  nf  iln-  axillarv  and  atHscs  jiist  as  that  artery  crosses  the 
Unvir  biirder  r)(  the  subscajiiilaris  ninsck!  It  passes  dci\vnward  and  in^^ard.  accom- 
(Kiniid  bv  tlie  Ioni;  siil>scapular  mrvi-,  alonj;  the  liracr  l>ordcr  of  the  subscapular 
niiiM-K-  as  far  as  tln-  I.-mit  an^lc  <>f  lin-  scapnla,  and  dislributes  branches  throtigh- 
ont  its  course  t»i  thc  suliscaptilaris  and  icri^s  major  and  to  the  latissimus  dorsi.  U 
als.1  Lnvw  ofi— 
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(a)  Thoracic  branches  (rami  thoracodorsales) ,  which  supply  the  serratus  magnus  and  the 
muscles  of  some  of  the  intercostal  spaces,  and  not  far  froni  its  orijpn  it  gives  off — 

{d)  The  dorsal  scapular  (a.  circuinflex  scapulae).  This  vessel,  of  large  size,  winds  around 
the  axillary  border  of  the  scapula  in  the  triangular  space  l)ounded  by  the  teres  major,  the  teres 
minor,  and  the  long  head  of  the  triceps,  and  is  distributed  to  the  infraspincitus  and  the  teres 
minor. 

The  subscapular  artery  anastomoses  through  its  thoracic  branches  with  the  intercostals  and 
with  the  long  thoracic,  and  through  the  dorsal  scapular  vvith  the  suprascapular  and  posterior 
scapular  arteries. 

Variations. — The  subscapular  artery  varies  somewhat  in  its  origin.  Occasionally  it  springs 
from  the  second  portion  of  the  axillary,  and  may  aiso  arise  from  the  brachial.  Quite  frequentTy 
it  arises  from  a  trunk  common  to  it  and  one  or  other  or  both  circumflex  arteries,  and  the  supe- 
rior  profunda  brachii,  normally  a  branch  of  the  brachial  arter>',  may  aIso  arise  from  this  common 
trunic. 

The  subscapular  has  been  observed  to  give  rise  to  an  aberrant  artery  which  passes  down 
the  arm  and  either  unites  vvith  the  brachial  or  else  becomes  the  ulnar,  or  may  even  extend  to 
the  neighborhood  of  the  wrist,  where  it  unites  with  a  branch  of  the  anterior  interosseous  artery 
to  form  the  radial. 

6.  The  Anterior  Circumflex  Artery. — The  anterior  circumfiex  (a.  circum- 
flexa  hnmeri  anterior)  (Fig.  704)  is  the  smallest  of  the  three  branches  of  the  third 
portion  of  the  axillary,  and  arises  either  directly  from  the  artery  or  from  a  common 
trunk  with  the  posterior  circumfiex  ;  more  rarely  it  arises  from  the  subscapular.  It 
passes  outward  beneath  the  coraco-brachialis  and  the  heads  of  the  biceps,  and  winds 
around  the  surgical  neck  of  the  humerus,  lying  close  to  the  bone.  Opposite  the 
bicipital  groove  it  gives  of!  a  branch  which  ascends  along  the  groove  to  be  distributed 
to  the  capsule  of  the  shoulder-joint,  and  it  also  sends  branches  to  the  coraco- 
brachialis  and  biceps.  It  terminates  by  anastomosing  with  the  posterior  circumflex 
and  with  the  humeral  branch  of  the  acromial  thoracic. 

7.  The  Posterior  Circum|iex  Artery. — The  posterior  circumflex  (a.  cir- 
cnmflexa  humeri  posterior)  (Fig.  704)  arises  from  the  axillary,  almost  opposite  the 
anterior  circumflex,  or  from  a  common  trunk  with  that  vessel  or  vvith  the  subscap- 
ular. More  rarely  it  may  arise  from  the  upper  part  of  the  brachial  artery.  It  passes 
backward  and  outward  through  the  quadrilateral  space  bounded  by  the  subscapularis 
above,  the  teres  major  below,  the  long  head  of  the  triceps  intemally,  and  the 
humerus  externally,  and  winds  around  the  jX)sterior  surface  of  that  bone  at  the  level 
of  its  surgical  neck.  Passing  under  the  deltoid  muscle  externally,  it  divides  into 
a  number  of  branches,  most  of  which  pass  into  the  muscle  to  supply  it,  while  some 
pass  to  the  shoulder-joint.  It  anastomoses  with  the  acromial  branch  of  the  acromial 
thoracic,  vvith  the  anterior  circumflex,  and  vvith  the  superior  profunda  branch  of  the 
brachial. 

THE    BRACHIAL   ARTERV. 

The  brachial  artcry  (a.  brachialis)  (Figs.  70S,  709)  is  the  continuation  of  the 
axillary  dovvn  the  arm.  It  l^egins  at  the  lovver  lx)rder  of  the  teres  major  and  termi- 
nates a  little  belovv  the  bend  of  the  elbovv  by  dividing  into  the  radial  and  ulnar 
arteries.  In  the  upper  part  of  its  course  the  vessel  lies  along  the  inner  side  of  the 
arm,  but  as  it  piisses  dovvnvvard  it  inclines  somevvhat  outv\'ard,  so  that  in  its  Iower 
part  it  is  on  the  anterior  suriace  of  the  brachium.  Its  course  may  be  indicated  by  a 
line  dravvn  from  the  junction  of  the  outer  and  middle  thirds  of  the  folds  of  the  axilla 
to  a  point  midvvav  lx*tvveen  the  condvlcs  of  the  humerus. 

Relations. — Anieriop/v  the  brachial  arterv  is  covered  throughout  the  greater 
part  of  its  course  bv  (^nlv  the  deep  and  superficial  fascia*  and  the  integument.  Alx)Ut 
the  middle  of  its  length  it  is  crossed  obliquely,  from  vvithout  invvard,  bv  the  median 
nerve,  and  at  llie  heiui  of  the  elbovv  it  |)asses  lxrneath  the  aponeurotic  slip.  the 
so-called  bicipital  fas(ia  1  lacertus  fihrosus)  from  the  tendon  of  the  biceps,  and  is 
separated  !)y  it  from  tlie  median  basilic  vein.  Postcriorlv  it  rests  in  succession,  from 
above  dovvnvvard.  upon  the  long  head  of  the  triceps,  the  inner  head  of  the  triceps. 
the  insertion  of  the  coraco-brachialis,  and  the  brachialis  anticus  The  musculo-spiral 
nerve  and  the  siii)erior  prohnida  artery  pass  dovvnvvard  and  invvard  betvveen  the 
vessel  and  the  long  head  of  the  triceps.     Externally  to  it,  above,  is  the  median  nerve 
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muscles.  This  has  been  variously  termcd  the  vas  abtrrans,  the  a.  brachtalis  superficialis.  or  the 
A.  radialis  suptrjinalis,  and  it  appears  to  be  nonnal1y  present,  but  niuch  recuiceiJ  in  size  and 
included  omung  the  muscular  branches. 

The  ini)jority  of  the  modifications  of  the  brachial  arter>'  are  due  to  an  extraurdinar)-  devel- 
Ofmient  of  the  superficial  brachial.  Thus  it  mav  enlarge  and  becotne  continuous  below  vrith 
the  radial  artery,  tpving  ris«  tu  a  condition  usually  temied  a  "  high"  origin  o(  the  radial ;  more 

Fig.  709. 


nav  iiiiilc  vviih  \\\v  iilnar  arterj-,  producing  a  "hifih"  origin  for  Ihat  v<^sel  :  ___... 
es  risi-  li)  lK)th  lile  radial  and  lilnar,  the  tnie  bracliial  ln-iiig  cinitiiiuous  l>elow  «ith  Ihc 
iiitiTdssoiiiis  ;  or.  linallv,  il  mav  iinite  w-ith  the  low-er  pari  nf  ihe  lirachial  arterv  iirnijer, 
ihe  portion  of  iht-  latlir  lH;l«et'h  the  orifiin  and  anasloniosis  oE  tln-  siijH-rtirial  brachiaf  djsap- 
[>earing.  so  th.it  wliat  is  n-niied  a  hraciiial  arttr^-  is  formed,  »hich  jKisses  hchind  instead  (>t  m 
Tont  o(  the  nurdian  nervf. 
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Comparative  anatomy  and  enibryology  both  indicate  that  the  occurrence  of  a  weU-deveI- 
oped  su^rficial  brachial,  continuous  below  with  the  radial,  is  the  primary  condition,  and  that 
the  origin  of  the  radial  as  a  terminal  branch  of  the  brachial  proper  is  a  secondary  condition, 
due  to  an  anastomosis  between  the  louer  part  of  the  original  superfidal  stem  and  the  brachial 
and  to  the  subsequent  diminution  or  partial  obliteration  of  the  former  above  this  anastomosis 

(Fig.  748  ^'). 

Another  branch,  normally  present  but  usually  insignificant,  which  may  reach  an  extraar- 

dinar^  development,  is  the  a.  pitca^  cubiti  suterficialis.     It  arises  from  the  lower  portion  of  the 

brachial  and,  passing  inward  and  downwara  beneath  the  tendon  of  the  biceps,  is  distributed  to 

the  flexor  carpi  radialis  and  the  palmaris  longus.     VVhen  abnomially  developed,  it  fornis  uhat 

has  been  termed  the  accessary  ulnar  ariery,  and  passes  down  the  forearm,  imniediately  beneath 

the  deep  fascia  and  between  the  two  muscles  just  mentioned,  and  terminates  by  anasto- 

mosing  with  the  ulnar,  or  in  some  cases  replaces  it  and  enters  into  the  formation  of  the  pKalmar 

arches. 

Supemumerary  branches  accessory  to  the  branches  usually  present  may  also  occur,  and, 

in  addidon,  the  brachial  may  give  rise,  in  its  upper  part,  to  the  subscapular  and  the  posterior 

circumfiex,  normallv  branches  of  the  axillary  ;  in  its  lovver  part,  to  the  radia!  recurrent;  and,  at 

its  bifurcation,  to  tne  interosseous  artery  or  to  the  median,  which  is  usua]ly  a  branch  ol  the 

interosseous. 

Practical  Considerations. — Spontaneous  aneurism  of  the  brachial  artery  is 
rare,  and  is  usually  associated  with  marked  arterio-sclerosis  or  with  cardiac  disease. 
Wounds  and  traumatic  aneurism  are  common,  though  lessened  in  frequency  by  the 
protected  position  of  the  upper  two-thirds  of  the  artery  on  the  inner  side  of  the  arm. 
Aneurism  has,  however,  followed  a  stab-wound  from  the  outer  side,  which,  after 
passing  through  the  biceps,  in  vol  ved  the  vessel.  Arterio-venous  aneurism  just 
above  the  bend  of  the  elbow  was  formerly  often  met  with  as  a  result  of  the  accidental 
wounding  of  the  artery  during  phlebotomy  of  the  median  basilic  vein,  parallel  with 
the  vessel  at  that  point  and  separated  from  it  only  by  the  lacertus  fibrosus. 

The  line  of  the  artery  is  from  the  junction  of  the  anterior  and  middle  thirds  of 
the  axilla  to  the  middle  of  the  bend  of  the  elbow  when  the  arm  is  abducted  and  the 
forearm  extended  and  supinated. 

The  artery  in  the  upper  two-thirds  of  its  course  may  be  campressed  against  the 
inner  side  of  the  humerus  by  pressure  directed  outward  and  a  very  little  backi»'ard 
along  the  interna!  border  of  the  coraco-brachialis  and  biceps.  This  muscular  border 
may  be  visible,  or  may  be  recognized  by  picking  it  up  between  the  thumb  and  finger. 
The  artery  may  be  overlapped  by  this  inner  edge  of  the  biceps,  especially  in  mus- 
cular subjects.  At  the  middle  of  the  arm,  over  the  insertion  of  the  coraco-brachialis 
into  the  flat  surface  above  the  beginning  of  the  internal  supracondyloid  ridge,  it  may 
most  easily  be  subjected  to  compression.  In  the  lower  third  the  pressure  must  be 
directed  backward,  as  the  humerus — separated  from  it  by  the  brachialis  anticus 
muscle — then  lies  behind  it. 

Ligation  of  the  vessel  at  its  upper  third  is  effected  through  an  incision  made 
along  the  inner  border  of  the  muscular  ridge  of  the  coraco-brachialis  muscle,  the 
fibres  of  which  may  with  advantage  be  exposed  and  identified.  Nothing  lies  between 
the  artery  and  the  muscle  except  the  median  nerve.  The  basilic  vein  is  to  the  inner 
side  of  the  vessel  and  may,  before  the  incision  is  made,  be  identified  and  avoided  by 
compression  of  the  axillary  vein  above.  The  ulnar  nerve  also  lies  to  the  inner  side. 
The  needle  may  be  passed  in  either  direction. 

In  ligation  at  the  middle  of  the  arm,  the  limb  should  be  abducted  with  the  elbo«' 
siightly  flexed,  and  should  be  supported  by  an  assistant.  If  the  arm  is  allowed  to 
rcst  ujx)n  a  flat  surface.  the  triceps  is  pushec!  upward  and  may  be  mistaken  for 
the  biceps,  and  the  dissection  may  bring  into  vie\v  the  inferior  profunda  arter\' 
and  the  ulnar  nerve  instead  of  the  brachial  and  the  median  (Heath).  It  is  weil 
to  see  and  identifv  the  innerniost  fibres  of  the  biceps.  After  they  are  displaced 
«)Utward,  the  median  nerve  fheginning  to  hear  to  the  inner  side)  should  be  separated 
from  the  vt^sel,  the  sheath  (^pened,  the  vena-  comites  (the  inner  of  which  is  iisiially 
the  largcr )  dniwn  aside.  and  the  needle  passed  from  the  nerve.  Jacobson  calls 
attention  to  the  fact  that  this  usuallv  easv  ligation  may  \yft  difficult  when  the  arter>' 
is  concealed  l>y  the  median  nerve  at  the  point  at  which  it  is  sought,  and  when  its 
••t--«  i*v;  small  and  its  heat  fecble  as  the  result  of  hemorrhage.     The  median  nene 

•i^ition  ),  th(*  inf^TJor  profunda  artery,  and  even  the  basilic  vein 
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In  ligation  at  the  lou^er  third — above  the  bend  of  the  elbow — the  inner  ed^e 
of  the  biceps  tendon  should  be  distinctly  recognized,  and  the  position  of  the 
superficial  veins,  especially  the  median  basilic,  should  be  made  apparent  by  com- 
pression  above. 

The  incision  should  lie  just  within  the  edge  of  the  tendon  and  should  be  parallel 
with  it,  running  therefore  obliquely  from  within  outward.  It  vvill  usually  be  just 
outside  of  the  median  basilic  vein.  Its  centre  is  about  on  a  le  vel  with  the  transverse 
fold  of  the  bend  of  the  elbow.  The  fibres  of  the  bicipital  fascia  are  divided  in  the 
line  of  the  skin  incision, — />.,  diagonally,  as  they  run  dovvnvvard  and  inward.  The 
needle  may  be  passed  from  within  outward  so  as  to  avoid  the  median  ner\'e,  which, 
however,  is  here  some  distance  to  the  inner  side.  In  ali  ligations  of  the  brachial,  its 
frequent  variations  {vide  suprd)  should  be  remembered,  and  the  possibility  of  the 
presence  of  a  * '  vas  aberrans' '  or  an  "  accessory  ulnar'  *  should  be  borne  in  mind,  as 
should  the  occasional  occurrence  of  a  muscular  slip  crossing  tlie  vessel  and  derived 
from  the  pectoralis  major  or  from  one  of  the  humeral  muscles. 

The  collateral  ciraiiation  is  carried  on  after  ligation  above  the  superior  profunda 
between  the  ascending  or  recurrent  branches  of  that  vessel  and  the  circumfiex  (espe- 
cially  the  posterior)  and  subscapular  arteries.  After  ligation  below  the  origin  of  the 
inferior  profunda,  the  circulation  is  carried  on  through  the  anastomosis  between  the 
branches  of  the  profunda  from  above  and  those  of  the  anastomotic  and  the  recurrents 
from  the  radial,  ulnar,  and  posterior  interosseous  from  below.  After  ligation  below 
the  anastomotic,  the  branches  of  that  vessel,  as  well  as  those  of  the  profundae,  carry 
the  blood  to  the  recurrents. 

1.  The  Superior  Profunda  Artery. — The  superior  profunda  (a.  profunda 
brachii)  (Fig.  709)  arises  from  the  upper  part  of  the  brachial,  on  its  posterior  surface, 
and  is  directed  downward  and  outward,  between  the  inner  and  long  heads  of  the 
triceps,  to  reach  the  posterior  surface  of  the  humerus.  Accompanied  by  the  musculo- 
spirad  nerve,  it  curves  around  to  the  outer  surface  of  the  bone.  lying  in  the  musculo- 
spiral  groove,  and  having  arrived  at  the  external  supracondylar  ridge,  it  pierces  the 
extemal  intermuscular  septum  and  continues  downward  between  the  brachialis  anticus 
and  the  supinator  longus,  to  terminate  by  anastomosing  in  front  of  the  external 
condyle  with  the  radial  recurrent  artery. 

Branches. — In  its  course  the  superior  profunda  gives  oflF  a  number  of  branches,  among 
which  may  be  mentioned  : 

{a)  A  deltoid  branch  (ramus  deltoideus),  which  passes  transversely  outward  to  the  inser- 
tion  of  the  deltoid,  and  then  bends  upuard  in  the  substance  of  that  muscle. 

{b)  'Muscular  branches  to  the  triceps. 

(r)  A  median  collateral  branch  (a.  collateralis  media),  which  passes  downward  in  the  sub- 
stance of  the  inner  head  of  the  triceps  to  the  olecranon  process.  where  it  anastomoses  with  the 
posterior  ulnar  recurrent,  the  posterior  interosseous  recurrent,  and  the  anastomotica  magna. 

(d)  An  articular  branch,  which  is  given  oflF  from  the  lower  portion  of  the  artery,  just  before*, » 
it  pierces  the  extemal  intermuscular  septum,  and  is  distributed  to  the  elbow-joint 

{e)  Cutaneous  branches,  uhich  accompany  the  extemal  cutaneous  branches  of  the  mus- 
culo-spiral  nerve. 

Variations. — The  superior  profunda  occasionally  arises  from  the  axillar>'  arter>'  either 
directly  or  in  conimon  \vith  ihe  |)osterior  circuniflex.  That  portion  of  its  main  stem  which 
traverses  the  musculo-spiral  ji:r<x>ve  beyond  the  point  where  the  medial  collateral  branch  is  jjiven 
oflF  is  sometimes  temied  the  radial  collateral,  the  profunda  being  rej2:arded  as  dividing,  after 
a  short  course,  inlo  the  t\vo  collateral  branches.  The  deltoid  artery  not  infrequently  arises 
directly  from  the  brachial  arter>'  or  eise  from  the  inferior  profunda. 

2.  The  Inferior  Profunda  Artery. — ^The  inferior  profunda  Ta.  collateralis 
alnaris  superior )  (  Fig.  709)  arises  from  the  inner  surface  of  the  brachial.  at  about  the 
middle  of  its  course.  It  passes  downward  and  backward.  accompanving  the  ulnar 
nerve,  through  the  internal  intermuscular  septum,  and  then  do\vnward  along  the 
anterior  surface  of  the  inner  head  of  the  triceps  to  the  hack  of  the  internal  condvle, 
uhere  it  terminate^  by  anastomosing  with  the  anastomotica  magna  and  the  posterior 
ulnar  recurrent.      It  gives  branches  to  the  triceps  and  to  the  brachialis  anticus. 
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Comparative  anatoiny  and  enibryology  both  indicate  Ihat  the  occurrence  of  a  ivell-dcv-el- 
o|)ed  su^rficial  brachial,  continuous  below  with  the  nidial,  is  the  priniary  coiidition,  and  that 
tlie  origin  of  the  radial  as  a  terminal  brancli  of  the  brachial  proper  is  a  secondar>-  condition, 
due  to  an  anastomosis  between  the  lower  ipart  of  the  original  superficial  stem  and  the  brachial 
and  to  the  subsequent  diminution  or  partial  obliteration  of  the  former  above  this  anastomosis 

(Fig.  748  ^';- 

Another  branch,  nomially  present  but  usually  insignificant,  which  may  reach  an  extraor- 
dinary  development,  is  the  a.  phca  cubiti  suterficialis.  It  arises  from  the  iower  portion  of  the 
brachial  and,  passing  inward  and  downwara  beneath  the  tendon  of  the  biceps,  is  distributed  to 
the  flexor  cari>i  radialis  and  the  palmaris  longus.  When  abnomially  developed,  it  forms  uhat 
has  been  termed  the  accessory  ulnar  ariery,  and  passes  down  the  forearm,  imniediately  beneatlm 
the  deep  fascia  and  between  the  two  muscles  j  ust  mentioned,  and  terminates  by  anasto- 
mosing  with  the  ulnar,  or  in  some  cases  replaces  it  and  enters  into  the  formation  of  the  pNalmar 
arches. 

Supemumerary  branches  accessory  to  the  branches  usually  present  may  also  occur,  and^ 
in  addition,  the  brachial  may  give  rise,  in  its  upi>er  part,  to  the  subscapular  and  the  posterior 
circumflex,  normallv  branches  of  the  axillary  ;  in  its  lower  part,  to  the  radia!  recurrent;  and,  ax 
its  bifurcation,  to  the  interosseous  artery  or  to  the  median,  which  is  usually  a  branch  of  the* 
interosseous. 

Practical  Considerations. — Spontaneous  aneurism  of  the  brachial  artery  is 
rare,  and  is  usually  associated  with  marked  arterio-sclerosis  or  with  cardiac  disease. 
Wounds  and  traumatic  aneurism  are  common,  though  lessened  in  frequency  by  the 
protected  position  of  the  upper  tN\'o-thirds  of  the  artery  on  the  inner  side  of  the  ami. 
Aneurism  has,   however,   followed  a  stab-wound  from  the  outer  side,  which,  after 
passing  through  the  biceps,    involved   the  vessel.      Arterio-venous  aneurism  just 
above  the  bend  of  the  elbow  was  formerly  often  met  with  as  a  result  of  the  accidental 
wounding  of  the  artery  during  phlebotomy  of  the  median  basilic  vein,  parallel  with 
the  vessel  at  that  point  and  separated  from  it  only  by  the  lacertus  fibrosus. 

The  line  of  the  artery  is  from  the  junction  of  the  anterior  and  middle  thirds  of 
the  axilla  to  the  middle  of  the  bend  of  the  elbow  when  the  arm  is  abducted  and  the 
forearm  cxtended  and  supinated. 

The  artery  in  the  upper  two-thirds  of  its  course  may  be  campressed  against  the 
inner  side  of  the  humerus  by  pressure  directed  outvvard  and  a  very  little  backu-ard 
along  the  internal  border  of  the  coraco-brachialis  and  biceps.  This  muscular  border 
may  be  visible,  or  may  be  recognized  by  picking  it  up  between  the  thumb  and  finger. 
The  artery  may  be  overlapped  by  this  inner  edge  of  the  biceps,  especially  in  mus- 
cular subjects.  At  the  middle  of  the  arm,  over  the  insertion  of  the  coraco-brachialis 
into  the  flat  surface  above  the  beginning  of  the  internal  supracondyloid  ridge,  it  niay 
most  easily  be  subjected  to  compression.  In  the  lower  third  the  pressure  must  be 
directed  backward,  as  the  humerus — separated  from  it  by  the  brachialis  anticus 
muscle — thcn  lies  behind  it. 

IJgation  of  the  vessel  at  its  upper  third  is  effected  through  an  incision  made 
along  the  inner  border  of  the  muscular  ridge  of  the  coraco-brachialis  muscle,  the 
fibres  of  vvhich  may  with  advantage  be  exposed  and  identified.  Nothing  lies  between 
the  artery  and  the  muscle  exccpt  the  median  nerve.  The  basilic  vein  is  to  the  inner 
side  of  the  vessel  and  may,  before  the  incision  is  made,  be  identified  and  avoided  by 
compression  of  the  axillary  vein  above.  The  ulnar  nerve  also  lies  to  the  inner  side. 
The  needle  may  be  passed  in  either  dircction. 

In  ligation  at  the  middle  of  the  arm,  the  limb  should  be  abducted  with  the  elbow 
slightlv  flexed,  and  should  be  supported  by  an  assistant.  If  the  arm  is  allowed  to 
rest  upon  a  flat  surface,  the  triceps  is  pushcd  upward  and  may  be  mistaken  for 
the  biceps,  and  the  dissection  may  bring  into  vicw  the  inferior  profunda  arten* 
and  the  ulnar  nerve  instead  of  the  brachial  and  the  median  (Heath).  It  is  wejl 
to  see  and  identifv  the  innermost  fibres  of  the  biceps.  After  they  are  displaced 
out\varcl,  the  median  nerve  C  beginning  to  hear  to  the  inner  side)  should  be  separated 
from  the  vessel,  the  sheath  opened,  the  venie  comites  (the  inner  of  which  is  iisually 
the  largcr)  drawn  aside,  and  the  needle*  passed  from  the  nerve.  Jacobson  calk 
attention  to  the  fact  that  this  usuallv  i*asy  ligation  may  h^  difficult  when  the  artef)' 
is  concealed  by  the  median  nerve  at  the  point  at  which  it  is  sought,  and  when  its 
calibre  is  small  and  its  beat  feehle  as  the  result  of  hemorrhage.  The  median  nen*e 
(from  transmitted  pulsation).  the  inferior  profunda  artery,  and  even  the  basilic  vein 
have  been  mistaken  for  the  brachial. 


THE   BRACHIAL   ARTERV:    BRANCHES.  777 

In  ligation  at  the  lawcr  third — above  the  bend  of  the  elbow — the  inner  edjje 
of  the  biceps  tendon  should  be  distincdy  recognized,  and  the  position  of  the 
superficial  veins,  especially  the  median  basilic,  should  be  made  apparcnt  by  com- 
pression  above. 

The  incision  should  lie  just  within  the  edge  of  the  tendon  and  should  be  parallel 
with  it,  running  therefore  obliquely  from  within  outward.  It  uill  usually  be  just 
outside  of  the  median  basilic  vein.  Its  centre  is  about  on  a  level  with  the  transverse 
fiold  of  the  bend  of  the  elbow.  The  fibres  of  the  bicipital  fascia  are  divided  in  the 
line  of  the  skin  incision, — i,e.,  diagonally,  as  they  run  downward  and  inward.  The 
needle  may  be  f)assed  from  within  outward  so  as  to  avoid  the  median  nerve,  which, 
however,  is  here  some  distance  to  the  inner  side.  In  ali  ligations  of  the  brachial,  its 
frequent  variations  (vide  supra)  should  be  remembered,  and  the  possibility  of  the 
presence  of  a  * '  vas  aberrans* '  or  an  * '  accessory  ulnar' '  should  be  borne  in  mind,  as 
should  the  occasional  occurrence  of  a  muscular  slip  crossing  the  vessel  and  derived 
from  the  pectoralis  major  or  from  one  of  the  humeral  muscles. 

The  colkUeral  cirailation  is  carried  on  after  ligaUon  above  the  superior  profunda 
between  the  ascending  or  recurrent  branches  of  that  vessel  and  the  circumflex  ( espe- 
cially  the  posterior)  and  subscapular  arteries.  After  ligation  below  the  origin  of  the 
inferior  profunda,  the  circulation  is  carried  on  through  the  anastomosis  between  the 
branches  of  the  profunda  from  above  and  those  of  the  anastomotic  and  the  recurrents 
from  the  radial,  ulnar,  and  posterior  interosseous  from  below.  After  ligation  below 
the  anastomotic,  the  branches  of  that  vessel,  as  well  as  those  of  the  profundae,  carry 
the  blood  to  the  recurrents. 

1.  The  Superior  Profunda  Artcry. — ^The  superior  profunda  (a.  profbnda 
brachii)  (Fig.  709)  arises  from  the  upper  part  of  the  brachial,  on  its  i>osterior  surface, 
and  is  directed  downward  and  outward,  between  the  inner  and  long  heads  of  the 
triceps,  to  reach  the  posterior  surface  of  the  humerus.  Accompanied  by  the  musculo- 
spiraJ  nerve,  it  curves  around  to  the  outer  surface  of  the  bone,  lying  in  the  musculo- 
spiral  gjoove,  and  having  arrived  at  the  external  supracondylar  ridge,  it  pierces  the 
extemal  intermuscular  septum  and  continues  downward  between  the  brachialis  anticus 
and  the  supinator  longus,  to  terminate  by  anastomosing  in  front  of  the  extemal 
condyle  with  the  radial  recurrent  artery. 

Brmnches.— In  its  course  the  superior  profunda  gives  oflF  a  nutnber  of  branches,  among 
which  may  be  mentioned  : 

(a)  A  deltoid  branch  (ramus  deltoideus),  which  passes  transverselv  outward  to  the  inser- 
tion  of  the  deltoid,  and  then  bends  upward  in  the  substance  of  that  muscle. 

{fi)  "Muscular  branches  to  the  triceps. 

(r)  A  median  collateral  branch  (a.  coUateraHs  media),  urhich  p>asses  downward  in  the  sub- 
stance of  the  inner  head  of  the  triceps  to  the  olecranon  process,  where  it  anastomoses  with  the 
posterior  ulnar  recurrent,  the  posterior  interosseous  recurrent,  and  the  anastomotica  magna. 

(</)  An  articular  branch,  urhich  is  given  oflF  from  the  Iower  portion  of  the  arter>',  just  before  '• 
it  pierces  the  extemal  intemniscular  septum,  and  is  distributed  to  the  eIbow-joint 

{e)  Cutaneous  branches,  which  accompany  the  extemal  cutaneous  branches  of  the  mus- 
culo-spiral  ner\'e. 

Variations.— The  superior  profunda  occasionally  arises  from  the  axillar>'  arter>'  either 
directly  or  in  coninion  uitli  the  jM^sterior  circuniflex.  That  portion  of  its  main  stem  which 
traverses  the  nuist'ulo-spiral  ji:rcx>ve  iK^vond  the  point  where  the  medial  collateral  branch  is  given 
oflf  is  sometimes  termed  the  radial  čoHateral,  the  profunda  being  regarded  as  dividing,  after 
a  short  course,  iiito  the  two  collateral  branches.  The  deltoid  artery  not  infrequently  arises 
directly  from  the  brachial  arter>'  or  else  from  the  inferior  profunda. 

2.  The  Inferior  Profunda  Artcry. — ^The  inferior  profunda  Ta.  collateraliH 
ulnaris  superior)  (  V\^.  709)  arises  from  the  inner  surface  of  the  brachial,  at  about  the 
middle  of  its  course.  It  p;isses  do\vn\vard  and  backward.  accompanving  the  ulnar 
nerve,  throujrh  tlu*  intiTnal  intermuscular  septum.  and  then  do\vnward  along  the 
anterior  surface  of  the  inner  head  of  the  triceps  to  the  back  of  the  intemal  condvle, 
where  it  terminates  l)y  anastomosing  with  the  anastomotica  magna  and  the  posterior 
ulnar  recurn-nt.      It  gives  branches  to  the  triceps  and  to  the  brachialis  anticus. 
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3.  The  Anastomotica  Magna. — The  anastomotica  mag^a  (a.  collateralis 
ulnaris  inferior)  ( Fig.  709)  arises  from  the  inner  surface  of  the  brachial  arter>',  about 
4  cm.  (i^  in.)  above  its  termination.  It  passes  inward  over  the  brachialis  anticus 
and  beneath  the  median  nerve,  and,  piercing  the  intemal  intermuscular  septum,  winds 
around  the  inner  border  of  the  humerus  and  passes  transversely  across  its  posterior 
surface,  just  above  the  olecranal  fossa.  It  anastomoses  with  the  posterior  ulnar  recur- 
rent  and  with  both  the  superior  and  inferior  profunda  arteries,  and  also,  by  means  of  a 
branch  given  off  before  it  pierces  the  intermuscular  septum,  with  the  anterior  ulnar 
recurrent. 

Anastomoses  around  the  Elbo^v. — ^The  brachial  artery  forms  rich  anasto- 
moses around  the  elbow-joint  with  both  the  radial  and  ulnar  arteries  by  means  of  its 
superior  and  inferior  profunda  branches  and  the  anastomotica  magna,  abundant 
opportunity  being  thus  afforded  for  a  collateral  circulation  to  the  forearm  after  ligation 
of  the  brachial.  Thus,  the  superior  profunda  anastomoses  in  front  of  the  extemal 
condyle  of  the  humerus  with  the  radial  recurrent,  and  its  medial  collateral  branch 
anastomoses  in  the  neighborhood  of  the  olecranon  process  with  the  posterior  inter- 
osseous  and  the  posterior  ulnar  recurrents.  The  inferior  profunda  also  anastomoses 
with  the  posterior  ulnar  recurrent  behind  the  intemal  condyle,  while  the  anastomotica 
magna  makes  connections  in  front  of  the  intemal  condyle  with  the  anterior  ulnar 
recurrent;  and  posteriorly,  with  the  posterior  ulnar  and  the  posterior  interosseous 
recurrents. 

THE  ULNAR   ARTERV. 

The  ulnar  artery  (a.  ulnaris)  (  Figs.  710,  712)  is  the  larger  of  the  tu'o  terminal 
branches  of  the  brachial.  It  arises  just  below  the  bend  of  the  elbow  and  passes  at 
first  distally  and  inward,  in  a  gentle  curve,  beneath  the  muscles  which  arise  from  the 
internal  condyle  of  the  humems,  and  at  the  junction  of  the  upper  and  middle  thirds 
of  the  forearm  assumes  a  more  vertical  direction.  Arrived  at  the  wrist,  it  passes  over 
the  anterior  annular  ligament  to  the  radial  side  of  the  pisiform  bone  and  then  passes 
across  the  palmar  surface  of  the  hand,  forming  the  superficial  palmar  arch  (arcos 
volaris  superficialis),  whose  convexity  looks  distally,  and  terminates  opposite  the 
second  intermetacaq)al  sf)ace  by  anastomosing  with  the  superficial  volar  branch  of 
the  radial. 

For  convenience  in  description,  the  ulnar  artery  may  be  regarded  as  consisting 
of  three  parts  :  (i )  an  anlibrachial portion  extending  from  the  origin  of  the  vessel  to 
the  upper  border  of  the  anterior  annular  ligament,  (2)  a  carpal portion  resting  upon 
the  annular  ligament,  and  (3)  a  palmar  portion  in  the  hand.  The  course  of  the 
lower  tw'o-thirds  of  the  antibrachial  portion  may  be  represented  by  a  line  drawn  fcrom 
the  front  of  the  intemal  condyle  of  the  humerus  to  a  point  immediately  to  the  radial 
side  of  the  pisiform  bone,  while  the  course  of  the  upper  third  may  be  indicated  by  a 
line  drawn  from  the  middle  of  the  bend  of  the  elbow  to  meet  the  first  line  at  the 
junction  of  its  upper  and  middle  thirds.  The  superficial  |>almar  arch  is  on  a  le\'el 
with  the  thumb  wben  the  digit  is  abducted  to  a  position  at  right  angles  to  the  axis 
of  the  hand. 

Relations. — ^The  antibrachial  portion  of  the  ulnar  in  its  upper  third  is  co\'- 
ered  by  the  pronator  radii  teres,  the  flexor  carpi  radialis,  the  palmaris  longus,  and  the 
flexor  sublimis  digitorum,  and  is  crossed  obliquely  by  the  median  nerve.  Behind,  it 
rests  upon  the  tendons  of  the  brachialis  anticus  and  upon  the  flexor  profundus  digi- 
torum. In  its  lower  two-thirds  it  is  overlapp)ed  above  by  the  flexor  carpi  ulnaris,  but 
below  it  lies  entirely  to  the  radial  side  of  the  tendon  of  that  muscle,  and  is  covcred 
only  by  the  skin  and  fasci^e.  It  rests  upon  the  flexor  profundus  digitorum,  and  to  its 
radial  side  is  the  tendon  of  the  flexor  sublimis  digitorum,  while  to  its  ulnar  side  it  is  in 
close  relation  with  the  ulnar  nerve,  as  well  as  with  the  tendon  of  the  flexor  carpi  ulnaris. 

In  its  carpal  portion  it  rests  upon  the  anterior  surface  of  the  anterior  annular 
ligament,  immediately  to  the  nidial  side  of  the  pisiform  bone.  and  is  covered  by  an 
expansion  from  the  tendon  of  the  flexor  carpi  ulnaris. 

The  palmar  portion,  in  the  upper  part  of  its  course,  is  covered  by  the  palmaris 
brcvis  and  rests  upon  the  flexor  brevis  minimi  digiti.  The  superficial  palmar  arch, 
as  it  |>asses  radialwards,  is  crossed  successively  by  the  palmar  branch  of  the  ulnar 
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nerve,  the  palmar  fascia,  and  the  palmar  branch  of  the  median  ner\-e.  It  rests  u|X)ii 
the  digital  branches  of  the  ulnar  ncne,  the  long  flexor  tendons,  and  the  digital 
tHanches  of  the  median  ner\'e. 

Branches. — From  its  antibrachial  portion  the  uhiar  artery  gives  rise  to 
numerous  mitsai/ar  branches  supplying  the  muscles  of  the  forearm,  and,  in  addition, 
to  ( I )  the  anierior  ulnar 

recurrent.    (a)  the  pos-  Fic.  710. 

tenor  ttlnar  recurreni, 
(3)  the  comtnon  inieros- 
seOHS,  (4)  a  nulrieni 
branch,  (5)  the  poster- 
ior  ulnar  carpal,  and 
(6)  the  anterior  ulnar 
carpal. 

From    the   carpal  ' 
portion    arise    no 

branches   ol    considera-  W  ŽSf\l     I^ki — '"'="'"  p™'"'"'*  ""i' 

ble  size.  "uTrai  n.rvi MM- m\jK    J  BB~ i'."?'"  "!_""?"*''*' 

From  the  palmar 
portion  arise  (7)  the 
juperior  and  (8)  the  in- 
ferior  deep  palmar 
branches  and    (9}   the  -^""^^ 

digital  branches,  and,  in 
addition,  mttscular     B™c-iiir,.ra.ii.iii- 
branches   to   supcrficial   Bn^hiii^jniKii! 
muscles  of  the  palm  and 
cutaneoiis  branches. 

Varistions. — From 
the  <Ievelopinen(al  stand- 
pointthe  ulnar  artery(p3^ 
S48I,  althoujfh  earlier  in  its 
appearance  than  the  mdial , 
is,  nevertheless,  preceded 
as  the  principa!  artery  of 
the  forearm  by  two  others. 
in  the  most  primitive  con- 
dition  the  brachial  is  con- 
tinued  down  the  foreartn, 
resting  upon  the  interos- 
seous  membrane  and  Ki^'inK 
rise  at  the  base  of  the  hand 
to  a  teash  of  digital 
branches.  Later  there  de- 
velops  from  the  brachial  a 
seccMid  artery,  which  |>as.ses 
distally  in  a  plane  superti- 
dal  10  the  ori^nal  ves.sel, 
accompanjinK  the  median 
nerve  ihroUKn  the  inten'al 
between  the  flexor  sublimis 
digitorum  and  the  t]exor 
ptofundus  diintorum.  This 
median  artery,  nenr  the 
wrist  anastomoses  witli  Ihe 
oriKinal  one,  and  the  latter 
then  beKin.s  lu  diminish  in 
ioie  and  seitarales  ironi  the 
me<Uan  above  the  ]xiint  iif  its 


iuperfici«!  diMrcIior 


In  this 


.  formins  the  anterior  interosseous  arterj-. 
.  wliich  Ki^^es  oripin  to  the  ili^tal  bmnches.     Finallv,  the  ulnar 
anses  as  another  ilislmrt  branch  from  the  brachial  and  Kradually  siipplants  the  median,  which 
nOH-  appears  as  a  branch  of  the  interossoims  )«nown  as  the  a.  ciimi-s  nt-r\i  mediani. 

As  is  [re<|iienlly  tlie  čase  where  the  dcveloiiment  p^sses  Ihroi]);h  a  series  of  well-marked 
Sta^,  its  arrest  in.iv  iMiiir  at  anv  one  of  lhe.se,  and  conseiniently  an  anomalv  may  occur  in 
which  the  ulnar  artery  is  represented  only  by  some  miLscular  ))ranches,  its  plače  beir«  taken  by 
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a  |>ersistent  median  or  interosseous  artery, — a  cundition  of  which  indications  are  to  bc  scen  in 
the  [laiticipation  of  ihe  interosseous  or  median  arlery  in  Ihe  formatiun  of  ihe  su[N:rticial  palniar 
nrch  (pHKe  7H5I.  An  intereslinf;  cundition  in  whlch  indications  are  clearly  retained  of  ali  tlie 
stages  utiicli  the  foreami  arteries  pass  through  in  their  evolution  is  shown  In  Fir.  711,  An 
iirterv  whlch  is  the  superticial  brachial,  and  which  arose  from  the  axillar)'.  descends  the  artn 
parallel  to  the  brachiat  |>roper  and  terminates  by  becoming  the  radial.  A  distina  ulnar  bas 
developed  and  the  anterior  Interosseous  has  acquired  ils  tvpical  anranKement,  but  there  is  » 
well-developed  median  artery  which  sends  a  strone  brancn  acruHS  to  ihe  radial  and  termi- 
nates by  anastomosing  wi(h  the  superficial  palmar  branch  of  the  ulnar  to  fonn  the  superfirial 
palmar  arch. 

Another  vnriation  niay  occur  in  the  form  of  a  "  high  origin"  of  the  ulnar  «rtcry,  a  condi- 

tion  which  results  froni  the  anastomosis  of  the  superlicinl  brachial  arter>-  (page  774)   with  the 

ulnar.     In  snch  cases  the  ulnar  frequent)y  passes  down  the  forearm  in  a  much  more  superficial 

poation  than  usual.  passing  over,  instead  01  under, 

Fig.  711.  the  muscles    arisinK    from   the    intemal   condvle. 

Such  a  superficial  course  may  aiso  be  followed  wneii 

the  artery  has  a  normal  origin,  and  occasionallv 

it   passes  to  the  ulnar  border  of   the  forearm   be- 

tween  the  palmaris  tongus  and  the  f1exor  subltmis 

dlKitonim. 

Practica)  Considerations. — The  ul- 
nar arter)'  may  be  ligated  for  woun<l  or  for 
aneuiisin — of  which  it  is  rarely  the  subject — 
either  ( i )  about  the  middle  of  the  forearm  or 
(aj  just  above  the  wrist. 

I.  With  the  forearm  supinated,  an  in- 
cision  on  the  hne  indicated  {fide  sufira') 
through  the  skin  and  the  thin  deep  fascia 
should  expose  either  a  while  line — the  ten- 
dinous  edge  of  the  fIexor  carpi  ulnaris — which 
is  not  always  present  (Treves),  or  a  yello«- 
(fatty)  interspace  ( Farabeuf )  between  tfiat 
muscle  and  the  flexor  sublimis  digitomin.  It 
is  best  marked  at  the  tower  part  of  thewound. 
If  more  than  one  white  line  should  be  present. 
the  one  sought  for  would  be  nearer  the  ulnar 
margin  of  the  limb.  At  the  bottom  of  the 
interspace  thu s  identihed,  which  runs  obliquc- 
ly  inward  towards  the  ulna.  the  artery  will  be 
found  lying  on  the  flexor  profundus  digitonun. 
with  the  ulnar  nerve  to  its  inner  side.  Il 
is  often  overlapped  by  the  inner  deep  edge 
of  the  flcxor  sublimis,  so  that  that  muscle 
must  be  lifted  up  and  drawn  outward  before 
the  vessel  can  be  fully  exposed.  In  sepa- 
rating  the  muscles  čare  must  be  taken  not  to 
go  beyond  the  vessel  and  ner^■e — pushing 
them  to  the  radial  side — and  open  up  the  in- 
terspace between  the  fIexor  carpi  ulnaris  and 
the  flexor  profundus.  The  space  between 
the  flexor  sublimis  and  the  palmaris  longiis 
lies  to  the  outer  side  of  the  ])ro|)er  space,  but  is  much  more  shailow  and  evcn 
les-s  well   marked. 

2.  Forriblv  <xti-nd  thf  hand  s<j  as  to  bring  inio  prominenco  the  fleshy  suell  of 
the  flexor  sublimis  nuiscie  and  lendons,  just  lo  the  ulnar  sido  of  the  palmaris  longiB 
(|Wge  dso).  Tlu-  incisi<fn.  ln'irinning  al>out  one  inch  above  the  f!exure  of  the  »Tist. 
shcinld  b<>  made  in  the  griMtve  to  the  inner  side  of  this  prominence,  and  is  immedi- 
atvlv  in  line  with  ihe  pisifurm  bone.  Aftcr  the  deep  fascia  is  divided  the  tendon  of 
the  fle.vor  rarpi  ulnaris  is  seen  and,  after  it  is  relased  by  flcxion  of  the  wrist,  is  dravn 
a  lillle  inuard.  »hcn  the  artery  wili  be  found  st'll  lying  upon  the  flexor  profundus 
and  ImuitkI  to  it  hy  a  detinitu  layer  <)f  fascia.  which  must  be  careEully  divided 
(Treves|.      The  ulnar  nerve  iies  in  close  |)roxiniity  to  the  ves-sel  on  the  ulnar  side. 
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The  venae  comites  of  the  ulnar  are  closely  attached  to  it,  but  niay  be  included  in 
the  ligature  without  dangcr,  as  the  other  venous  channels  of  the  forearm  are  ainply 
sufficient  to  carry  011  the  circulation. 

The  collateral  ciraiiation  is  inaintained  by  means  of  the  free  anastomosis  betueen 
the  branches  of  the  radial  and  uhiar,  those  of  the  interosseous  vessels,  and  those  of 
the  carpal  and  pahnar  arches. 

1.  The  Anterior  Ulnar  Recurrcnt  Artery. — The  anterior  ulnar  recurrent 
(a.  reciirreos  ulnaris  anterior)  (Fig.  712;  arises  from  the  upper  part  of  the  uhiar 
artery,  frequendy  in  common  with  the  posterior  recurrent.  It  is  usually  a  rather 
slender  branch,  and  is  directed  upward  in  the  groove  between  the  brachialis  anticus 
and  the  pronator  radii  teres  tovvards  the  internal  condyle,  over  which  it  terniinates 
in  branches  which  anastomose  with  the  inferior  profunda  and  anastoniotica  niagna  of 
the  brachial.  It  gives  oflf  branches  to  the  neighboring  niuscles  and  a  branch  to  the 
anterior  inner  portion  of  the  capsular  ligament  of  the  elbo\v-joint. 

2.  The  Posterior  Ulnar  Recurrent  Artcry. — The  posterior  ulnar  recurrent 
fa.  recurrens  ulnaris  posterior)  (Fig.  712)  arises  either  imniediately  below  the  anterior 
recurrent  or  by  a  common  trunk  \vith  it.  It  is  usually  considerably  larger  than  the 
anterior  recurrent,  and  passes  at  first  almost  horizontally  in\vard  and  backvvard  be- 
tween  the  flexor  sublimis  and  the  fiexor  profundus  digitorum,  and  then  bends  upward 
along  the  side  of  the  ulnar  nerve  between  the  two  heads  of  the  flexor  carpi  ulnaris.  It 
terminates  upon  the  posterior  surface  of  the  internal  condyle  of  the  humerus  in 
branches  which  anastomose  with  the  posterior  branch  of  the  inferior  profunda  and 
with  the  anastomotica  magna  of  the  brachial. 

It  g^ves  branches  to  the  adjacent  muscles,  to  the  skin,  and  to  the  posterior  in- 
ternal portion  of  the  capsule  of  the  elbow-joint. 

3.  The  Comnion  Interosseous  Artery. — The  common  interosseous  (a. 
interossea  communis)  (Fig.  710)  arises  from  the  outer  and  back  part  of  the  ulnar 
artery,  a  short  distance  belovv  the  posterior  ulnar  recurrent.  It  is  a  short,  stout 
trunk  which  passes  down\vard  and  outward  and,  ha  vi  ng  reached  the  upper  border 
of  the  interosseous  ligament,  divides  into  the  anterior  and  posterior  interosseous 
arteries. 

Variations. — In  cases  in  which  a  superficial  brachial  artery  (pag^e  774)  exists,  the  trne 
brachial  niay  be  directly  continuous  below  with  the  common  interosseous,  the  radial  and  ulnar 
arteries  arismg  by  the  bifurcation  of  the  superficial  brachial.  Such  cases  form  what  are  usually 
tcrmed  "  hi^h"  origins  of  the  common  interosseous  ;  and.  since  the  superficial  brachial  may  arise 
from  the  axillar>',  o\ving  to  the  anastomosis  with  it  of  the  aberrant  oranch  of  that  artery,  the 
common  interosseous  may  also  appear  to  arise  from  the  axillar\'. 

In  cases  of  high  origin  of  the  radial  the  common  interosseous  may  arise  from  that  vessel 
and  give  origin  to  the  recurrent  ulnar  branches,  and  it  may  also  give  rise  to  these  branches  when 
it  has  a  normal  origin.  \Vhen  it  has  a  high  origin,  it  may  give  off  both  the  radial  and  ulnar 
recurrent  branches. 

a,  The  Anterior  Interosseous  Artcry. — ^The  anterior  interosseous  (a.  inter* 
ossea  volaris )  f  F^ig.  712)  descends  fn)m  the  point  of  bifurcation  of  the  common  inter- 
osseous arterv,  along  tlie  anterior  surface  of  the  interosseous  membrane,  between  the 
adjacent  edges  of  the  flexor  profundus  digitorum  and  the  fIexor  longus  pollicis,  and 
divides  at  the  upper  border  of  the  pronator  quadratus  into  an  anterior  and  a  pos- 
terior tenninal  branch  (Fig.  715V 

Branches.— In  adclilioii  to  nnuscular  branches  to  the  adjacent  muscles  and  to  the  ex- 
tensor  muscles  of  the  thumb, — thi*  latter  i)erforating  the  interosseous  membrane  to  reach  their 
destinations.  -llu"  anterior  interosseous  arter>'  givcs  off  a  number  of  more  or  less  important 
branches. 

(aa)  The  median  artery  i  a.  comes  nervi  mediani)  arises  from  the  anterior  surface  of  the  ante- 
rior interosseous.  irnim-diatelN  IhIo\\  the  origin  of  that  vessel.  It  passes  for\iard  to  join  the 
median  ner\e.  \vhi('h  it  a("cotni)anies  doun  ihe  ami,  and  in  \vhose  substance  it  is  fre(|Uently 
emlH.*dded.  It  continues  its  roiirse  \vith  the  nene  beneath  the  anterior  annular  ligament.  and, 
when  well  dev^Moped,  rnav  temiinate  by  anaslomosing  directiv  \vith  the  su|x*rficial  palmar 
arch. 

{hh)  A  nutrient  branch  is  usuallv  given  oflF  to  the  radius  and  occasionallv  also  to  the  ulna. 
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Sii|icrliciil  bnnch  ot  lupti 


M«di>ti  ncnre 


Bnnch  lo  lupirlicUl  pali 


L>«p  irlctici  ol  liRhl 
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9.  The  Digital  Arteries. — The  digital  branches  (aa.  diKiUles  volarcs  cona- 
munes)  arisc  froni  the  porliou  of  the  uliiar  artery  uliich  [Kisses  transversclv  across 
the  palm  of  the  hand  and  is  tc-mied  the  supcrficial  palmar  arch  (arcus  valsri» 
suiicrficialU).  They  are  f<tur  in  nuniber;  thu  first  of  tlic  four,  starting;  from  iht^ 
ulnar  lx)rder  of  the  hand,  passia;  oWiquely  downward  and  innard  across  the  h)-|Kith— 
enar  niuscies  and  ct)ntinufs  distaily  aloiiy  the  uhiar  border  of  the  little  fingcr.      Thes 


Fic.  713. 


remaininff  three  pass  downward  in  the  second,  third.  and  fourth  intermetacarpal 
spaces  restinj!  upon  the  lumbricai  muscles.  and.  just  beforo  reaching  the  defts  of  the 
tinjicTS,  each  receives  the  corresponding  jialmar  interosseous  arterj-  and  then  divides 
inlo  two  branches.  the  collaterat  digital  branches  ( aa.  digitales  volarcs  propriae). 
which  extend  distaliy  upon  the  adjacent  sides  of  the  neinhboring  digits.  Thcse  col- 
latenil  branches  tnake  nurnerous  transverse  anastonioses  with  one  another,  espe(nany 
in  the  neighborhuod  of  the  Interphalangeal  joinLs.  and  tcrminate  in  fine  branches 
which  su[)ply  the  bulb  of  the  finfjer  and  the  bed  of  the  nail. 


Variationa. — Tlic 


rcli,  iK-inji  Miiicli  redi 


o(  the  »liRitiil  a 
'  t<i  Ihe  jialiiii 
niiHle  of  fomviiiiin  iif  i)ie  siiperticial  palmar  arch. 
i  brimi-hcK  of  llie  r.iiliiil  an-istoninse  uith  the  dieitals  just  before 
lu-ir  riillaiernl  brjinchcs.  .inil  if  the  inierossca;  are  stronRlv  devel- 
■!■  of  sniall  ciililire.  and  mav  be  so  niiieh  refhiced  in  siie  that  the 
1  llu-111  niav  1m'  ri-Kiinlcd  as  ronlinuations  of  the  correspondinf 
■Iv,  ;ildn>iiKli  nonn.illv  llie  sii|i|ily  for  the  fa<1hl  side  oS  the  index- 
1  tlir  i]i'e|)  |)alniar  iirdi.  Vet  ixfcasionally  h  is  derived  from  ihe 
.  |i>)1lir-is  ^inil   ihe  r.«li;ilis  iiidids,   the  branches  from  the  dnp 
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The  variations  in  ihc  furnuttioii  of  the  supt;riiciat  palniar  nrch  are  frequent  and  n 

and  may  be  grouptd  in  two  classcs :  ( ' )  those  in  «  hich  additional  branchcrs  from  llie  foreiir 
participate  in  the  formation  uf  the  aren  ur  replace  the  radial  in  its  cumpusition,  and  {2)  thuse  in 
whidi  there  is  no  tme  arch,  the  arteries  u'hich  should  participate  in  its  furmation,  and  in  some 
csses  additiunal  unes  alsi),  failing  to  anastomose  and  each  giving  rise  independenttv  ti>  a  cerlain 
number  uf  digital  branches.  Tu  the  first  of  these  classes  belong  the  cases  in  whicn  ihe  median 
or  anterior  inlerosscous  artery  anaslomoses  directly  wilh  ihe  arch  foniied  by  the  sui>erticial 
volar  and  the  ulnar,  and  aiso  those  in  »hich  the  supcr^cial  \olar  fails  tu  reach  the  uhiar,  Ihe  arch 
beiiiK  formed  by  the  union  uf  the  latler  vessel  »ith  the  median  or  the  anterior  interosseuus. 
And,  finallv.  the  arch  miiy  be  formed  by  the  ulnar  artery  alune,  no  direct  conimunication  taking 
plače  between  it  and  the  arteries  mentioned. 

In  the  second  class  of  cases— thal  in  which  there  is  no  true  arch — the  ulnar  and  the  super- 
ficial  volar,  on  reachin^  tlie  palm,  divide  in  a  surnewhat  fan-like  manner  to  give  rise  to  the  diKital 
btBnches.    The  superhcial  volar  may  contribute  the  fuurth  digital,  as  well  as  the  vessels  to  the 


olp«lmi 


( tuMsc, 


thumb  and  radial  side  of  the  index  ( Fig.  714,  A  ),  or  it  may  be  limiled  to  the  latter  vessels,  ali 
four  normal  digitals  beinf:  derived  from  the  ulnar.  \Vith  the  absence  of  Ihe  arch  there  may  be 
associated  an  extra  developinenl  of  the  median  artery.  which  ronlinues  distaily  into  the  paini 
as  the  fourth  digital  vessel,  the  remainin^  digitals  nn<l  the  radialis  indiris  and  princepa  pollicis 
beinftsuppliedbvtheiilnarand  radial  respectively  I  CV  Or.  finallv,  wilh  the  extra develupmenl 
of  the  median  there  is  .associated  an  absence.  mc)re  or  less  compicte,  of  the  superficial  volar, 
the  median  Biving  off  the  branches  10  the  radial  dipt  as  well  as  the  fourth  digital  (* ) . 

THE   RADIAL   ARTERV. 

The  radial  artery  (a.  radialis)  (Figs.  710,  712)  is  the  smaller  of  the  two  terminal 
branches  of  the  brachial.  nhose  course  it  continncs  downward  through  the  forearm. 
It  arises  at  the  bend  nf  ihe  ellx>w  and  passes  down  the  outer  border  of  the  forearm  to 
the  level  of  the  styioid  process  of  the  radius,  where  it  bends  outward,  curving  around 
the  extemal  lateral  li^ment  of  the  wriHt.  It  then  extends  downward  over  the  pes- 
terior  surface  of  the  tra|>eziiHn  imti!  it  reachcs  the  inter\-al  between  the  first  and  second 
metacarpal  bones.  and  here  it  ajjain  chanffcs  its  direction  and  passes  fon*ard  into  the 
palmar  surface  of  iho  haiid,  across  which  it  is  continued  inward  o\'er  the  anterior  sur- 
faces  of  the  second.  third,  and  fourth  metacarpals.  forminp  what  is  termed  the  deep 
palmar  arch  1  arcus  volaris  profundus).  It  terminates  opposite  the  proxima1  part 
of  the  fourth  metacarpal  inlcrsjKice  by  anastomiKiing  with  the  deep  palmar  branch  of 
the  ulnar. 

In  accordance  nilli  its  pi)sition  with  reference  to  the  bonv  s 
and  hand,  the  radial  artorv  mav  l>e  rejiarded  as  consisting  of  ihrc 
or  aniibrafhiiil  fiorlioti  ii  is  pri:i.\ial  in  position,  in  the  secfmd  or 
pn!itaxial,  and  in  ihi-  ihird  ur  palmar  portion  it  is  aj^ain  prt^vial. 

Relations. — In  its  antibrachial  portion  the  course  of  the  arlerv  mav  \k  indi- 
eated  bv  a  line  dra«  u  fn  mi  a  i»iint  midway  t)elwt'en  the  two  cr)ndyli-s  of  the  humenis 
to  a  poini  ahnul  1  cm,  inti-rnal  to  the  stvloid  process  of  ihe  radius.  In  its  upper 
half  it  is  overlapiH-d  in  front  hy  the  inner  lionler  of  the  lirachio-radialis  (supinator 
longusj  niiiscle.  but  lower  doHU  it  is  covered  only  liv  ihe  deep  and  superficial  fascia^ 


s  of  the  forearm 

C  parts.      In  its  first 

trpal  poriion  it  is 
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teres.  This  is  often  indicated  by  a  yellowish  (cellulo-fatty)  line.  The  fibres  of  the 
former  muscle  are  almost  parallel  with  the  long  axis  of  the  forearni  and  overlie  the 
artery  ;  those  of  the  latter  are  oblique  and  lie  close  to  the  inner  side  of  the  vessel. 
The  nerve  is  so  far  extemal  that  it  is  not  Hkely  to  be  seen.  The  artery,  \vith  its 
venae  comites,  lies  on  the  supinator  brevis. 

2.  At  the  middle  of  the  forearm  the  incision  is  inade  on  the  same  line.  The 
same  relations  exist,  except  that  there  the  nerve  is  usually  very  near  to  the  outer  side 
of  the  artery,  which  now  lies  on  the  tendon  of  insertion  of  the  pronator  radii  teres. 

As  the  brachio-radialis  is  not  very  wide  at  this  part  (especially  if  the  arterv  is 
sought  for  at  the  lower  end  of  the  middle  third),  it  is  very  easy  to  expose  the  outer 
instead  of  the  inner  border  of  the  muscle,  in  which  čase  the  muscle  is  apt  to  be  drawn 
inward,  and  when  the  depths  of  the  vvound  are  opened  up  the  radial  ner\'e  is  reached. 
This  is  the  common  error  of  beginners. 

The  tendon  of  the  brachio-nidialis,  as  a  rule,  first  makes  its  appearance  at  the 
outer  border  of  the  muscle.  so  that  if  this  tendinous  edj^e  is  exposed  the  operator 
will  know  that  he  has  laid  bare  the  wrong  side  of  the  muscle.  The  inner  border 
of  the  latter  remains  muscular,  until  it  ends  somewhat  abruptly  in  the  tendon 
(Treves). 

3.  At  the  lozver  third  the  incision  should  be  made  midway  betvveen  the  tendon 
of  the  brachio-radialis  and  that  of  the  flexor  carpi  radialis,  the  latter  of  \vhich  may 
be  made  prominent  by  strongly  extending  the  hand.  The  vessel  is  verv  superficial, 
and  is  disclosed  as  soon  as  the  thin  fascia  is  divided.  The  nervc  has  Icft  the 
vessel  altogether  (at  a  level  of  from  three  inches  above  the  \vrist  to  the  middle 
of  the  forearm)  and  has  passed  under  the  brachio-radialis  tendon  to  the  dorsum 
of  the  hand. 

4.  In  the  triangular  fossa  between  the  louer  end  of  the  radius  and  the  root  of  the 
thumb  (Jabati^re  afiatomigue),  bounded  externally  hy  the  tendon  of  the  extensor 
longus  pollicis,  internally  by  the  tendons  of  the  extensor  brevis  poUicis  and  the 
extensor  ossis  metacarpi  pollicis,  and  superiorly  by  the  inferior  margin  of  the  posterior 
annular  ligament  (Fig.  716),  the  radial  artery  may  occasionally  recjuire  ligation  on 
account  of  wound  or  of  aneurism.  An  incision  one  inch  and  a  half  long  should  be 
made  obliquely  across  the  fossii,  observing  to  avoid  one  of  the  chief  radicles  of  the 
radial  vein,  which  lies  in  the  superficial  fascia  immediatelv  in  the  course  of  the  wound. 
After  opening  the  fascia,  and  disphicing  some  loose  adipose  tissue,  the  arterv  \vill  be 
reached  at  the  bottom  of  the  depression  bet\veen  the  tendons  of  the  thumb.  It  is 
desirable  to  avoid  opening  the  sheaths  of  the  tendons  or  the  joint  between  the  scaph- 
oid  and  trapezium  ;  these  bones  together  with  the  base  of  the  first  metacarpal  form 
the  floor  of  the  space. 

The  coUateral  circulation  after  ligation  of  the  radial  is  carried  on  as  after  ligation 
of  the  ulnar,  q.  v. 

\Vounds  of  a  palmar  or  carpal  arch  are  apt  to  be  troublesome  on  account  of  the 
occasional  difficultv  in  tinding  and  securing  both  ends  of  the  divided  vessel,  and 
because  of  the  very  free  anastomosis  between  the  palmar  and  carpal  arches  and  the 
interosseous  vessels,  vvhich  leads  to  recurrcnt  hemorrhage,  even  after  ligation  of  l)oth 
radial  and  ulnar.  C()m|)ression  over  the  wound,  firm  bandaging  from  the  finger-tips 
to  the  axilla,  and  elevation  of  the  limb,  are,  for  these  reasons,  the  methods  usually 
first  employed,  and  if  applied  thoroughly  will  generally  be  effectual.  Ligation  of  the 
brachial  is  indicated  when  these  have  failed,  on  account  of  the  necessity  for  getting 
above  the  interosscMuis  aniistomotic  supply  (vide  supra). 

I.  The  Radial  Recurrcnt  Artery. — ^The  radial  recurrent  (a.  recurrens  radialis ) 
(Fig.  712)  ariscs  from  ihe  (uiter  surface  of  the  radial,  shortlv  belo\v  its  origin.  It  is 
at  first  directed  d(nvnward  u])on  the  surface  of  the  supinator  brevis,  but  quickly 
bends  upwar(l  touards  the  external  condvle  of  the  humerus,  passing  bet\veen  the 
radial  and  p()sterif>r  interosseous  nerves  and  Iving  lx*neath  the  supinator  longus. 
It  gives  nunierous  hranches  to  the  su])inator  longus  and  brevis  and  to  the  extensor 
carpi  radialis  longior  and  the  extensor  carpi  radialis  brevior,  and  terminates  at  the 
extemal  condvle  by  anastomosing  with  the  superior  profunda  from  the  brachial 
artery. 
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2.  The  Anterior  Radial  Carpal  Artery. — The  anterior  radial  carpal  (ramus 
cjrpca  volaris)  {.Fig.  712)  is  usuall/  a  sinall  branch  which  arJses  from  near  thc  lower 

end  of  the  antibrachial  portion 
P"-~'^-  of  thc  radial.     It  passts  inward 

beneath  ihe  flexor  tendons  at 
about  the  lower  border  of  the 
pronator  quadratus,  and  breaks 
up  ititu  a  nuiTiber  oi  t>mall 
branches  which  anastomose 
with  branches  from  the  anterior 
ulnar  carpal,  the  anterior  inter- 
osseous.  and  the  rccun-ent  car- 
pals  to  form  an  anterior  carpal 
net-work.  From  this  net-work 
branches  pass  to  the  wri5t  and 
to  the  carpal  articulations. 

3.  The  Superficial  Vo- 
lar Artery. — The  superticial 
volar  (ramuB  volaris  snperfici- 
alis)  (Fig.  713)  arises  usually 
just  where  the  radial  benda  out- 
ward  and  backward  to  reach  the 
posterior  surface  of  the  wrist. 
It  is  usually  rather  slender, 
although  variable  in  size,  and 
is  directed  downward,  passing 
eitherover,  through,  orbeneath 
the  adductor  pollicis,  supp]ying 
that  and  the  other  muscles  of  the 
thenar  eminence,  and  terminates 
usually  by  anastomosing'  with 
the  superficial  palmar  branch  of 
the  ulnar  to  form  the  superficial 
palmar  arch. 

Vaiiatioaa.  —  The  superfida] 
volar  is  somcwhat  variable  both  as 
tosize.origin,  and  mode  of  termina' 
(ion.  It  occasionallv  arises  hii;h  up 
upon  the  radial,  and  in  such  cases 
that  vessel  passes  to  the  posterior 
surface  of  the  arm  at  a  niuch  highei 
level  than  usuai.  Not  infreguentJ]' 
it  takes  no  [tart  in  the  fonnation  of 
the  superficial  palmar  arch,  and 
may  terminale  in  the  muscles  of 
tlie  thenar  eminence.  Ihe  digital 
branches  beine  ali  f^ven  of!  by  the 
superficial  palmar  branch  of  the 
ulnar ;  or,  on  the  conlraiv,  appear- 
ing  as  a  well-devetoped  stem,  il 
mav  divide  distallj'  into  from  one 
to  tour  digitat  aneries.  the  remain- 
in^  unes  arisin^  directiy  from  the 
superficial  palmar  branch  of  the 
ulnar  ur  partly  from  that  and  partly 
from  the  median  artery  (pafiie  78*  1. 

4.  The  Posterior  Ra- 
dial  Carpal   Artery. — The 

jmsterior  radial  carpal    (ranas 

carpeuadorsalis)  (Fig.  715)  isa 

iidial  just  as  that  vessel  paases  b^neath  thi- 

It  |i;issea  horizontally  inward  beneath 


sinall  l>raiR'h  whioh  is  yi\(.-n  ti 
tendoTi  of  the  t.ttensor  o; 
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the  tendons  of  the  extensor  carpi  radialis  longior  and  the  cAtcnsor  carpi  radiali» 
brevior,  and  anastomuses.  either  direclly  or  by  ineans  ol  a  nuniber  of  small  branches, 
»■ith  the  i>osterior  ulnar  carpal,  (orming  a  poslerior  carpal  at  ch  or  net-»ork. 

BnnchcB. — Fron)  the  |K>sterior  carpal  arch  ur  net-work  a  lungitudinal  stcm  passes  distally 
m  each  of  the  Ihree  inner  iiilermetacarpal  spaces.  Thtise  are  the  dorsal  intcroflsccus  arteries 
(u  nieucarpMC  doraales).  Al  the  upper  exlremity  of  iLs  intermetacarpat  space  each  interosseous 
artei7  receives  the  ccuresiranding  perforating  branch  from  the  palmar  intcrusseous  arter^', 
and  ivhen  it  reaches  the  interval  between  the  bases  of  the  proximal  phalang:es,  it  divides  into 
two  branches.  which  run  forward  upon  the  inner  and  uuter  surfaces  respeciively  of  the  proximal 
phalai^es  of  the  adjacent  dlgits  and  terminate  in  smalt  branches  upon  these  phalanges. 

A  slettder  branch,  which  arises  either  directly  froin  the  dorsal  carpal  arch  or  from  the  in- 
terosseous artery  of  the  fourth  intermetacarpal  ^)ace,  passes  along  the  inner  burder  of  themetacar- 
pal  and  proKimal  phalanx  of  the  little  finger.     It  terminates  upon  the  proximat  phalanx  o(  its  digit. 

VatiationB. — Considerable  variation  occurs  in  ihe  size  of  the  dorsal  interosseous  arteries. 
That  which  traverses  the  founh  intermetacarpal  space  is  sometimes  wantinK.  while  that  of  the 
second  space  is  sometimes  of  considerable  size  and  niay  arise  dlrectly  (rom  the  radial  artery. 
Occasionally  each  iirtery  under^oes  a  sudden  increase  uf  calibre  at  the  point  uhcre  it  is  joined 
by  the  perforating  branch  from  the  deep  palmar  arch.  attd  may  appear  to  he  the  continuadon  of 
the  perforating  branch,  Where  it  divides  into  its  two  terminal  branches.  each  interosseous  Rives 
off  an  inferior  perfurating  branch,  which  passes  fonvard  to communicate  uith  the  corresponding 
palmar  digital  arterj' ;  but  these  perforating  branches  are  frequently  uanting,  u'ith  the  exception 
of  that  given  ofi  from  the  artery  of  the  second  inlennetacarpal  space. 

5.  The  Dorsalis  Pollicis  Artery. — The  dorsalis  pollicis  (Fig.  715)  is  a 
slender  artery  which  arises  from  the  radial  just  before  it  jjasses  beneaih  the  tendon  of 
the  extensor  longus  pollicis.  It  passes  distal1y  alon^  the  dorsal  surface  of  the  lirst 
metacarpal  and  terminates  upon  the  dorsum  of  the  lirst  phalanx  of  the  ihumb. 

6.  The  Dorsalis  Indicis  Artery. — The  dorsalis  indicis  (Fig.  715)  arises 
from  the  radial  just  as  it  passes  between  the  two  heads  of  the  lirst  dorsal  interosseous 
muscle  to  enter  the  palm  of  the  hand.  It  passes  distallv  alonji  the  radial  border  of  the 
second  metacarpal,  resting  upon  the  first  dorsal  interosseous  niuscle.  and  terminates 


upon  the  lirst  phalanx  of  the  index-finger.     It  freq«ently  gives  ofI  a  small  hranch  which 
(KLsses  atoriR  the  inner  boriler  ol  the  metacarpal  and  first  [)halanx  of  the  thiiiiib. 

Variaiions.— Thi-  dors:ilis  indicis.  H^ether  wilh  ihe  carjtal  pirtion  of  the  radial  distal  to 
the  point  al  whith  the  |nisu-ri(ir  radial  carpiil  is  tdven  i)ff.  reprcscnts  the  dorsal  interosseous 
arterj-  of  the  first  iim-nnftacari>al  siKice  The  branch  to  the  inner  liorder  of  the  thumb  repre- 
sents  one  irf  the  terminal  bmnches  <if  t1i.it  anerv,  and  frtqufiitlv  arises  direcllv  from  the  radial 
Opposite  the  niaiii  si.-ni  uf  the  d.irsalis  indicis. 

7.  The  Princeps  Pollicis  Artery. — The  a.  prince|>s  iKillicis  (Fig.  717)  arises 
from  the  radial  jusl  ,is  it  (.■nicTi,'cs  fn.m  lK-tween  the  two  hi-ads  iif  the  tirst  dorsal  inter- 
osseous miisclf  aiid  is  l)i-ndiny  biiri/ontally  inward  to  form  the  dcq>  palmar  arch.  The 
artery  pas.ses  dinrtlv  distallv,  resting  upon  the  pa Im.ar  surface  of  the  first  dorsal  inter- 
osseous muscle  and  lieing  covered  l>y  the  adductor  pollicis.      \Vhile  stili  beneath  the 
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nates  by  anastomosing  with  the  corresponding  digital  artery  from  the  suf)erficial  palmar 
arch  j  ust  before  the  digital  divides  in  to  its  two  terminal  branches.  Immediately  at 
its  origin  each  palmar  interosseous  gives  off  a  perforating  branch  (ramus  perforans) 
which  passes  dorsally  between  the  adjacent  metacarpals  to  communicate  direcdy  \vith 
the  corresponding  dorsal  interosseous  artery. 

Variations. — The  palmar  interosseous  arteries  vary  considerably  in  size,  according  as  the 
diintal  branches  froni  the  superficial  palmar  arch  are  well  or  poorly  developed  (page  784). 
\Vnen  the  ulnar  palmar  digital  is  small,  an  extra  branch  may  arise  from  the  deep  palmar  arch, 
passing  along  the  ulnar  border  of  the  little  finger. 

9.  The  Radial  Recurrent  Arteries. — The  radial  recurrent  arteries  (Fig.  717) 
are  two  or  three  small  branches  which  arise  from  the  concave  surface  of  the  deep 
()almar  arch  and  pass  proximally  over  the  carpus  to  anastomose  with  the  tenninal 
branches  of  the  anterior  interosseous  and  of  the  anterior  radial  and  ulnar  carpal 
arteries.  By  the  anastomosis  of  these  various  arteries  there  is  formed  upon  the 
anterior  surface  of  the  carpus  a  net-work,  the  rete  carpalc  voiart\  from  which  branches 
are  distributed  to  the  wrist  and  to  the  carpal  articulations. 

The  Collateral  Circulation  in  the  Forearm. — The  brachial  artery,  aftef 
being  ligated,  will  convey  blood  to  the  forearm  arteries  by  means  of  its  superior  and 
mferior  prbfunda  branches  and  by  the  anastomotica  magna,  \vhich  form  a  rich  anas- 
tomosis at  the  elbow-joint  with  the  radial  recurrent,  the  anterior  and  postcrior  ulnar 
recurrent,  and  the  posterior  interosseous  recurrent.  The  collateral  circulation  in  the 
parts  supplied  by  the  ulnar  and  radial  arteries,  after  ligation  of  one  or  other  of  these 
vessels,  will  be  carried  on  by  means  of  the  direct  anastomoses  between  the  two 
arteries  in  the  suf)erficial  and  deep  palmar  arches  and  also  by  way  of  the  anterior  and 
posterior  carpal  net-works.  To  the  former  of  these  net-\vorks  the  radial  artery  sends 
contribuUons  from  its  posterior  carpal  branch  and  the  ulnar  from  its  posterior  carpal 
and  anterior  and  posterior  interosseous  branches,  while  to  the  latter  the  radial  sends 
its  anterior  carpial  branch  and  the  ulnar  its  anterior  carpal  and  anterior  interosseous 
branches. 

THE  THORACIC   AORTA. 

The  thoracic  aorta  (aorta  thoracalis)  (Fig.  718)  is  the  continuation  of  the 
descending  limb  of  the  aortic  arch,  and  begins  upon  the  left  side  of  the  body 
of  the  fourth  thoracic  vertebra.  It  passes  do\vnward  through  the  thorax  in  the 
posterior  mediastinum  and  terminates  belo\v  at  the  diaphragm,  behind  which  it 
passes  to  become  continuous  with  the  abdominal  aortii.  In  the  upper  part  of  its 
course  it  lies  a  little  to  the  left  of  the  median  line,  but  it  tends  slightly  to  the  right 
as  it  descends,  and  eventually  occupies  the  median  line  just  before  it  reaches  the 
diaphragm. 

Relations. — Anterior ly  it  is  in  relation  with  the  left  bronchus  and  the  root  of 
the  left  lung  in  its  upper  part,  and  it  is  crossed  very  obliquely  by  the  cesophagus, 
which  sei>arates  it  from  the  pericardium  and  the  posterior  surface  of  the  left  auricle 
of  the  heart.  Posteriorh  it  rests  up)on  the  bodies  of  the  eight  lower  thoracic  ver- 
tebr«,  or  rather  throughout  the  greater  part  of  its  extent  uf)on  the  anterior  common 
ligament  of  the  thoracic  vertebrie,  and  at  about  the  level  of  the  fifth  vertebra  has 
passing  obliquely  upward  behind  it  the  thoracic  duct  and,  at  the  level  of  the  eighth 
vertebra,  the  vena  hemi-azygos. 

Upon  the  rifrhl  side  are,  above,  the  oesophagus  and  lower  down  the  right  pleura. 
The  thoracic  duct  passes  upward  ujK)n  its  right  side  and  slightlv  l)ehind  it  as  far  as 
the  fifth  thoracic  vertebra.  and  the  vena  azvgos  also  lies  upon  its  right  side.  but  on  a 
plane  slightly  posterior  to  it.  On  the  left  side  are  the  left  lung  and  pleura  above. 
and  below,  the  cesophagus,  \vhile  the  vena  hemi-a2ygos  also  lies  upon  its  left  side,  but 
on  a  someuhat  posterior  plane. 

Branches. — The  branches  which  ari.se  from  the  thoracic  aorta  mav  be  divided 
into  two  grou])s,  according  as  they  are  distributed  to  the  thoracic  viscera  or  to  the 
parietes.  The  \'isceral  branches  are  (  i )  the  bronehiaL  (  2 )  the  (rsopha/^eal,  and  (  3 ) 
the  mediastina/.  The  ])arietal  branches  are  (4)  the  aortic  intercostal  arteries.  and 
(5)  the  diaphragmatic  branches. 
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VafiauoDs.— The  (>assa)^e  of  the  thoracic  aorta  down  tlie  right  sideof  the  vertebral  column 
ii  iK  up|.»<.r  part  ot  its  course  and  the  origin  from  it  of  the  right  subclavian  artery  have  alrt.*ady 
H.V.H  Ji>cu>sed  in  connection  wilh  the  variations  of  the  aortic  arch  (page  724).  It  was  there 
:  -vaucd  ».»ut  that  lx>th  these  abnormalities  depend  upon  the  more  or  less  perfect  persistence  of  the 
.».nvci  iK>rlion  of  the  right  primitive  aortic  arch.  Not  infrequently  a  modification  of  this  condi- 
iiv-a  is  to  bc  seen  in  the  existence  of  a  small  branch  arising  from  the  upper  part  of  the  thoradc 
aoiui  and  |uissin^  obliquely  upward  and  to  the  right  behind  the  ctsophagus.  This  is  the  arteria 
Abcrrans,  luul  it  is  to  be  regarded  as  a  persistence  in  a  nidimentary  condition  of  the  distabpor- 
tiou  K*i  the  right  primitive  aortic  arch.  it  is  regarded  bys<3me  authors  as  a  normal  branch  ot  the 
thi»racic  aorta,  but  it  is  somewhat  inconstant  in  its  ocairrence.  Occasionally  it  anastomoses 
uith  the  tirst  or  second  intercostal  branches  of  the  superior  intercostal  artery  (page  765). 

1.  The  Bronchial  Arteries. — The  bronchial  arterie«  (aa.  bronchialcs)  (Fig. 
718)  Jire  somewhat  variable  in  number;  while  three  are  usually  described,  they 
niay  be  reduced  to  two  or  increased  to  four.  They  arise  from  the  upper  portion 
of  the  thoracic  aorta  and  pass  to  the  right  and  left  bronchi,  and  are  continued  along 
these  to  supply  the  tissue  of  the  lungs.  The  right  bronchial  artcry,  which  very 
frequendy  arises  from  the  first  right  aortic  intercostal,  passes  to  the  right  in  front 
of  the  cesophagus  and  applies  itself  to  the  posterior  surface  of  the  right  bronchus, 
along  which  it  passes  to  the  lung.  In  its  course  it  gives  off  minute  branches  to 
the  cesophagus,  bronchus,  and  pericardium,  and  to  the  lymphatic  nodes  in  its  neigh- 
borhood. 

The  left  bronchial  arteries,  which  are  usually  two  in  number,  apply  them- 
selves  at  once  to  the  posterior  surface  of  the  left  bronchus  as  it  passes  in  front  of  the 
aorta  and  are  continued  along  this  to  the  lung.  They  give  of!  small  branches  to  the 
cesophagus  and  to  neighboring  lymphatic  nodes.  The  upper  of  the  two  vessels  fre- 
quently  arises  by  a  common  stem  with  the  right  bronchial,  and  may  be  the  only  one 
that  is  present. 

2.  The  GBsophageal  Arteries. — ^The  oesophageal  branches  (aa.  oesopha^eae) 
(Fig.  718)  of  the  thoracic  aorta  are  also  variable  in  number,  forming  a  series  of  four  or 
sometimes  five  or  six  small  vessels  which  arise  in  succession  from  above  downward 
from  the  anterior  surface  of  the  aorta.  After  a  short  but  somewhat  tortuous  course, 
they  reach  the  cesophagus,  in  the  wall  of  which  they  branch  to  form  a  net-work  which 
receives  branches  from  the  bronchial  arteries,  from  the  inferior  thyroid  above  and  the 
gastric  artery  below. 

3.  The  Mediastinal  Arteries. — ^The  mediastinal  arteries  (rami  pericardiaci) 
are  a  number  of  small  vessels  which  arise  from  the  anterior  surface  of  the  thoracic 
aorta  and  are  distributed  to  the  mediastinal  lymph-nodes  and  the  posterior  surface  of 
the  pericardium. 

4.  The  Aortic  Intercostal  Arteries. — The  aortic  intercostals  (aa.  inter- 
costales)  (Fig.  718)  supplying  the  tissues  of  the  lower  intercostal  spaces,  are  usiial]y 
nine  in  number  on  each  side,  while  a  tenth,  sometimes  termed  the  subcostal  arteryi 
nms  along  the  lower  border  of  the  last  rib,  supplying  the  upper  part  of  the  abdom- 
inal  wall.  The  arteries  arise  in  pairs  from  the  posterior  surface  of  the  thoracic  aorta 
and  pass  outward  over  the  bodies  of  the  vertebrae  to  the  intercostal  spaces,  those  of 
the  right  side  being,  for  the  most  part,  someuhat  longer  than  those  of  the  left» 
()wing  to  the  position  of  the  thoracic  aorta  to  the  left  of  the  vertebral  column  through- 
out  the  greater  portion  of  its  length.  Arrived  at  the  intercostal  space,  each  arter}' 
passes  obliquely  oiitward  and  upward  across  the  space  towards  the  angle  of  the  rib 
ncxt  alx^ve,  resting  ui)on  the  intemal  intercostal  fascia,  and  covered  by  pleura.  It 
then  pierces  the  intercostal  fascia  and,  as  far  as  the  angle  of  the  rib,  runs  beti**een  the 
fascia  and  the  external  intercostal  muscle.  On  reaching  the  angle  of  the  rib  the  arterv 
passes  heneath  the  intemal  intercostal  muscle  and  is  continued  around  the  thoracic 
\vall  in  the  subcostal  groove  of  the  rib,  and  betueen  the  two  intercostal  muscles,  to 
term  i  nate  usuallv  h  v  inosculating  in  front  with  the  U])per  of  the  tA*'o  anterior  inter- 
costal arteries  given  ofT  by  the  intemal  maminarv  or  the  musculo-phrenic  to  each 
intercc^stal  space.  The  arteries  \vhicli  j)ass  to  the  tenth  and  eleventh  intercostal 
spar(»s  continuc*  on\vard  hrvond  the  extreniities  of  their  corresponding  ribs,  and, 
passing  bet\veen  thr  ol^licjiu*  musrles  of  the  abdomen,  anastomose  with  the  dcep 
epigasiric  arterv.  The  same  arrangenitMit  ocrurs  in  the  čase  of  each  of  the  tenth 
aortic  intercostal  (subcostal)  arteries.      These,  ho\vever,  throughout  that  portion  of 
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their  course  in  which  they  are  in-  rclation  to  the  twelfth  ribs,  rest  upon  the  qiiadratus 
lumborum  muscles,  beneath  the  transversalis  fascia,  and  at  the  outer  border  of  that 
muscle  pass  beneath  the  fibres  of  the  transversiilis  abdominis,  and,  more  laterally, 
perforating  the  internal  obHgue,  come  to  lie  between  that  muscle  and  the  external 
oblique. 

,  Relations. — In  the  first  portion  of  their  course,  \vhile  passing  over  the  bodies 
of  the  vertebrae,  the  right  aortic  intercostals  are  crossed  by  the  thoracic  duct  and  by 
the  vena  azygos,  and  the  upper  ones  are  also  crossed  by  the  cesophagus.  Those 
of  the  left  side  are  crossed  by  the  vena  hemiazygos,  and  both  sets  are  covered 
by  the  pleura.  Opposite  the  heads  of  the  ribs  they  are  crossed  by  the  ganghonated 
cord  of  the  sympathetic  •ervous  system,  the  lower  ones  also  by  the  splanchnic  nerves, 
and  in  their  course  through  the  intercostal  spaces  they  are  in  relation  to  the  inter- 
costal  veins  and  nerves,  each  artery  lying  below  its  corresponding  vein  and  above  the 
nerve,  but  on  a  plane  slightly  posterior  to  both.  The  arteries  of  the  upper  spaces  lie 
at  first  below  the  corresponding  nerves,  but  as  they  approach  the  lower  borders  of 
their  ribs  they  cross  the  nerves  obliquely,  and  throughout  the  greater  part  of  their 
course  f>ossess  the  relation  described. 

Brmnches. — Each  artery  gives  oflF  small  branches  to  the  bodies  of  the  vertebrae  and  to  the 
pleura,  and  throughout  its  course  through  the  intercostal  space  nunierous. 

(a)  Muscular  branches,  which  supply  the  intercostal  muscles.  the  serratus  magnus,  and 
the  pectorales  major  and  minor,  anastomosing  with  the  thoracic  branches  from  the  axillar>' 
artcry.  The  vessels  of  the  lower  spaces  and  the  subcostal  also  supply  the  upper  portions  of 
the  abdominal  muscles.  the  subcostal  anastomosing  with  branches  of  the  upiHjrmost  lumbar 
artery  and  with  the  ascending  branch  of  the  superficial  circuniflex  iliac  ;  the  lower  vessels  aLso 
give  oflF  numerous  branches  to  the  diaphragm  \vhich  anastomose  with  the  phrenic  arteries 
from  the  abdominal  aorta.  Some  of  the  muscular  branches  which  arise  from  the  vessels  of  the 
third,  fourth,  and  fifth  spaces  send  branches  to  the  mammary  gland,  assisting  the  perforating 
branches  of  the  internal  mammary  and  the  long  thoracic  branch  of  the  axillar>'  in  the  supply  of 
that  structure.  These  intercostal  mammary  branches  (rami  mammarii  laterales)  may  become 
gTeatly  enlarged  during  lactation,  and  may  give  rise  to  considerable  heniorrhage  in  the  operation 
for  removal  of  the  gland. 

In  addition,  each  aortic  intercostal  gives  oflf  a  dorsal,  a  lateral  cutaneous,  and  a  collatera) 
branch. 

{d)  The  dorsal  branch  (ramus  posterior)  arises  from  eiich  artery,  just  as  it  enters  its  inter- 
costal space,  and  passes  directly  backward,  in  company  with  tiie  |X)sterior  division  of  the 
corresponding  spinal  ner\'e,  between  the  necks  of  the  adjacent  ribs  and  internal  to  the  superior 
costo-transverse  ligament.  Having  reached  the  vertebral  groove,  it  divides  into  a  spina/  and  a 
muscu/ar  branch.  The  former  (ramus  spinalis)  passes  through  the  inter\ertebral  foramen  in 
company  with  the  root  of  the  spinal  nerve,  and,  vvithin  the  spinal  canal,  gives  oflF  branches  to 
the  body  of  the  vertebra  and  its  neural  arches  and  to  the  dura  mater,  and  also  branches  which 
pass  to  the  spinal  cord  and  anastomose  with  the  anterior  and  posterior  spinal  arteries.  The 
muscular  branch  ( ramus  muscularis)  continues  posteriorly  in  the  direction  of  the  main  stem  of 
the  vessel  and  divides  into  an  extemal  and  an  internal  branch  which  pass  bet\i'een  the  principal 
masses  of  the  dorsal  musculature,  supplying  these  and  terminating  in  branches  to  the  integu- 
ment  of  the  back. 

(c)  The  lateral  cutaneous  branch  (  ramus  cuuneus  laieralis)  arises  at  about  the  axillar>'  line 
and  perforates  the  extenial  intercostal  muscle  in  companv  uith  the  lateral  cutaneous  branch  of 
the  correspcmding  intercostal  ner\e.  It  is  distributed  with  the  ner\e  to  the  integument  of  the 
lateral  portions  of  the  thorax,  also  supplving  the  serratus  magnus  and  the  pectoral  muscles 
and  anastomosing  wilh  the  perforating  branches  of  the  internal  mammar>'  and  with  the  thoracic 
branches  of  the  axillar>'  arter>-. 

(d)  The  collateral  branch  arises  as  the  intercostal  approaches  the  angle  of  its  rib.  It 
passes  obliquely  ouluard  and  do\vn\vard  to  the  upper  border  of  the  rib  next  beUnv,  along  \vhich 
itrunsto  terminale  by  anastomosing  uith  the  lovver  of  the  two  anterior  intercostal  branches 
given  ofT  by  the  internal  mammary  or  the  musculo-phrenic  to  each  intercostal  space.  The 
collateral  branches  of  the  three  lovver  intercostals  are  small  and  inconstint  and,  when  present, 
terminate  in  the  alKlomina!  \vall. 

Vaiiations.  Tlie  intercostal  arteries  of  the  first  and  serond  spaces  usuallv  arise  from  the 
supenor  mterrostal  l)ranrh  of  the  subclavian.  but  occasionallv  the  arten*  of  the  second  space, 
and  more  rarelv  that  of  the  first.  niav  arise  from  the  thoracic  aorta.  Or,  converselv,  the  arteries 
of  the  third  aiul  fourth  interoislal  spaces,  as  well  as  those  of  the  first  and  second,  mav  arise 
from  the  supenor  mtercostal,  the  aortic  intercostals  being  correspond;ngly  reduced  in  niimber. 
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Occasionally  the  second  intercoslal  is  fomied  by  a  branch  from  the  firsl  aortic  intercostal 
which  rims  upward  to  the  second  space  over  the  neck  of  thethird  rib,  and  a  sitniJar  condition 
may  l)e  met  with  in  the  louer  arteries,  two  or  more  intercostal  spaces  being  supplied  from  a 
comnum  stem.  Kinally,  the  right  and  left  arteries  of  one  or  ali  of  the  pairs  may  arise  from  a 
common  stem,  spring^ng  from  the  posterior  median  line  of  the  aorta. 

Practical  considerations  of  the  thonicic  aorta  are  discussed  with  those  of  the  aortic  arch 
on  page  726. 

THE  ABDOMINAL   AORTA. 

The  abdominal  aorta  is  the  continuation  below  the  diaphragm  of  the  thoracic 
aorta.  It  may  be  said  to  bcgin,  therefore,  at  the  lower  border  of  the  twelfth  thoracic 
vertebra,  and  passes  downward  upon  the  bodies  of  the  fouf  upper  lumbar  vertebra* 
lying  almost  in  the  median  line.  It  is  usually  described  as  terminating  opposite  the 
fourth  lumbar  vertebra  by  dividing  into  the  right  and  left  common  iliac  arteries, 
although  it  is  really  continued  onward  beyond  that  point  as  a  relatively  feeble  vesscl 
which  is  termed  the  midd/e  sacral  artery.  It  seems  advisable,  however.  to  adhere  to 
the  classic  definitions  of  the  artery,  and  to  regard  the  middle  sacral,  for  purposes  of 
description,  as  one  of  its  branches. 

Relations. — Poste norly,  the  abdominal  aorta  rests  upon  the  anterior  com- 
mon ligament  of  the  four  upper  lumbar  vertebrae  and  crosses  the  left  lumbar  veins. 
Antcriorl)',  in  its  uppermost  part,  it  is  invested  l)y  the  sympathetic  šolar  p]exus,  from 
uhich  branches  pass  d()\vn\vard  along  the  vesscl,  forming  the  aortic  plexus.  A  little 
lower  it  is  crossed  by  the  splenic  vein,  the  pancreas,  the  left  renal  vein,  and  the 
third  portion  of  the  duodenum,  and  stili  lo\ver  it  is  in  relation  with  the  coils  of 
the  small  intestine,  from  \vhich,  however,  it  is  separated  by  the  peritoneum.  Upon 
a  more  anterior  plane  there  are,  above,  the  left  lobe  of  the  liver,  and  the  stomach 
and  transverse  colon.  To  the  right,  it  is  in  contact,  in  its  upper  part,  viith  the 
thoracic  duct  and  the  receptaculum  chyli,  which  lie  partly  covered  by  it,  and  ^nith 
the  right  crus  of  the  diaphragm,  which  separates  it  from  the  inferior  vena  cava  ; 
lower  down  it  is  in  dircct  contact  with  the  vena  cava.  To  the  ie/t^  is  the  left  crus 
of  the  diaphragm  and  the  fourth  portion  of  the  duodenum  above,  while  below  it 
IS  separated  by  the  peritoneum  from  coils  of  the  small  intestine,  and  has  ninning 
alongside  the  left  spermatic  (ovarian)  artery  and  vein,  and  stili  more  laterally  the 
left  ureter. 

Branches. — The  branches  of  the  abdominal  aorta,  like  those  of  the  thoracic, 
may  be  divided  into  two  sets,  visceral  and  parietal. 

The  visceral  branches  are  (i)  the  coeliac  axis,  (2)  the  superior  mesenteric, 
and  (3)  the  inferior  mesenteric  artery.  These  are  median  unpaired  branches  which 
arise  from  the  anterior  surface  of  the  aorta;  in  addition,  there  are  a  numberof  paired 
visceral  branches:  (4)  the  inferior phrenie,  (5)  the  suprarenal,  (6)  the  renal ^  and  (7) 
the  spermatie  or  ovarian  arteries. 

The  parietal  branches  are  (8)  the /Mw^^zr  arteries,  of  which  there  are. four 
pairs,  (9)  the  middle  sacral y  and  (10)  the  common  iliac  arteries.  With  the  excep- 
tion  of  the  middle  sacral,  the  parietal  branches  are  aH  paired. 

Considered  in  the  order  of  their  origin  from  the  aorta,  the  branches  are  ar- 
ranged  thus:  (i)  The  inferior  phrenics,  (2)  the  cceliac  axis^  (3)  rhie  suprartnals, 
(4)  the  superior  mesenteric,  (5)  th^  frst  pair  of  lumbar  arteries,  (6)  the  renals, 
(7)  the  spermatics  or  ovarians,  (8)  the  second  pair  of  lumbars,  (9)  the  inferior 
mesenteric,  ( 10  and  1 1  )  the  third  dind  fourth  pairs  of  I  um  bar  s,  (12)  the  middle  sacral, 
and  (13)  the  common  iliacs. 

Variations  of  the  abdominal  «iorta  are  not  common.  In  cases  in  which  the  aortic  arch 
bends  to  the  right,  the  abdominal  aorta  mav  lie  somewhat  to  the  right  of  the  median  line,  and  it 
has  been  observecl  to  nass  downward  uix)n  the  right  of  the  inferior  vena  cava.  Variations  a!s«» 
occiir  in  the  leve!  at  vvliich  the  aorta  bifiircates  into  the  common  iliacs.  In  the  majoriu*  of  cases 
the  hifurcation  is  opi>osite  the  middle  of  the  fourth  hmibar  vertebra,  but  it  is  not  infrequently 
louer,  taking  plače  opposite  the  lovver  half  of  that  vertebra,  opposite  the  succeeding  inlcr\'er- 
tebral  disc.  or.  in  rare  cases,  opposite  ihe  iipj)er  |K)rtion  of  the  nfth  vertebra.  Bifurcation  at  a 
higher  level  than  usual  is  less  frecjuent,  biit  it  has  been  obser\'ed  as  high  as  opposite  the  intcr- 
vertebral  disc  betueen  the  third  and  fourth  vertebra?,  and,  in  very  rare  cases,  the  arter>*  has 
been  found  to  divide  as  high  as  the  second  lumbar  vertebra. 
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-      T\  -.-i.uistant  in  its  rvlalions,  i'iin>MT--.:lv  variation 
-»    I  thtsc  will  \k-  ronMik-rcil  in  a'i;rr-:t;.':i  uiih  tlu- 
i  iiMy  be  notfd  hcre  lliat  viTv  lrrcj-..«7-:i!y  a  numbi-r 
^  ii-iinnj;  or^jans  <>r  oninociivc  lissm-  .t-; :   ■  -ph-niMk-**. 
.  ..th-n  tt»  thc  brandiL-s  uliirli  ha\i-  alm.:.  •-.-.r.  nanu«! 
.<aiit.  and  niav  arisf  In^ni  eiilurr  tlu- .ir.r-r^   -  *i!riaiv«»; 
...'.ed  \cssfls,  f)r  in  pairs  Inmi  ils  sidi-s 
..  :he  tHCUiTfnri.-  of  a  priniitivclv  strirtlv  sipvr -■..-.!  .irran^t- 
iial  aorUi,  and  a  ty|H.'-cunditi()n  )ias  Invn  sii;>;«><>r-d  TittMiiir 
Cc  trach  sugmcntid  nUt-rval  tlial  it  nasst-s   thrt-t-  ;  ■.r-^iit  \*n 
scis,  which  arrangL'  iheniM-lvcs  in  ihrrr-    l:*:ini  i  ni  is 
(Kig.  719)      Oncsi-t  arists  from  llit-  antcri- •-  sur.tit-  m 
the  aorta,  and  is  usuallv  ri-ducrd,  eitht-r  Y*\  :ii>u*i\  ur 
by  tlic  degencralion  of  imv  or  otht-r  of  t-nch  pair.  to  .1 
singk'  univlirfd  vcsscl  for  cach  Sfgnunt :  a  st-rtnid  s«-i 
arises  froni  ihe  sidts  of  ilic  aorta  and,  like  ihc  tirst  -^t. 
is  distributfd  to  tlie  abdominal  visct-ra:  and  a  third  m  t 
arises  froni  the  |H»slcrior  snrfact-  of  thc  a«>rta  anii  is  ili-*- 
tributed  to  the  alxloniinal  ])arietes. 

Of  the  iin])aired  set  of  vessels,  iinlv  thretr  jnrpiisi 
until  adultlife  beconiing  the  cceliac  a\is  and  the  si]|»- 
erii»r  and  inferior  niesenleric*  arieries.  ihe  (K^sitinn  «k- 
riipie<i  by  these  vesscls  in  the  aduh  \nr'm^  diie  X**  a 
downwarcl  migration  which  thev  undericii.  the  ciLliac 
axis  representing  the  ventra!  visceral  branch  i»t  tht- 
yr,yry  foiirth  thoracMC  or  ix>ssiblv  a  hijrher  segment,  ihi-  sup- 

>N^  ^.^^Z  erior  niesenteric  thal  of  tfie  seventh  ihoracic.  .mi!  lile 

XsS^   . 1:^^^^  inferior  niesenleric  thal  of  tiie  t\veh"t!i  thoracii:.     Tht- 

|>aired  vist:eral  branches  are  tlevelojK-d  niainlv  in  cim 

nection  uith  ihe  enibrvonic  kithiev.  and  «»!i  the  repla«t- 

ment  of  this  by  the  adiilt  orv;an  the  niaj(irit\  oi  tht-ni 

disappear.  the  siiprarena),  renal.  and  siH-rniatir  arteriiN 

and  certain  iiiconstant  braiiclies  uhirii  are  ln>t  in  tht- 

neighl)oring  connective  tissiie  represeiitin^  iheni  in  tht- 

adiilt.     Of  the  |)iirietal  paired   set,  the  ttuir  |)airs  ol 

•\ir  arteries  corresi>ond  to  the  foiir  iipjx;r  1uml>ar  se>niieiits.  \vhile  tlie  con  in  ion  ihacs  arr 

•^   :»:.uuhesof  the  iHlh  hinibar  segment.     The  hinibar  arteries  are  evideiillv  serialh  h«iiiinU»- 

^xs  X  uiih  the  thoracic  interix)stals  and  present  niaiiv  similarilies  to  the  lo\vef  meml>čn»  oi  that 

sv'UN,  l>iit  the  common  iUacs  are  iK*ciihar  in  that  thev  give  rise  to  branches  which  pass  ti>  ihv 

:s;\u*  viscera.  a  conditioii  uhich  mav  be  eKpItiined  by  the  fact  that  the  paired  visceral  branche> 

,•!  ihe  ihird  luinbar  segment  unite  uith  them  and  are  represented  by  the  hvpogastric  arten 

.liki  its  branches. 
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Practical  Considerations. — Tbe  abdominal  aoita  is  the  siibject  of  aneurism 
imich  more  rarclv  than  is  the  tboracic  aorta,  lK*cause  of  tbe  relati\'ely  less  powerful 
rardiac  iinjnilse  \vhich  reaches  it.     Tbe  siic  is  most  often  sitiiated  in  the  nei)»hN tr- 
iu »od  of  the  c<i'liac  axis  becaiise  (<7)  in  this  rej^ion  tbe  arterv  bas  lost  the  siippiri 
afforded  by  the  tendinous  arcb  (»f  tbe  diapbraj^m,  \vbicb  prodiices  a  constriction  in 
its  \\alls  at  eacb  ventriciilar  svstoli*  ;   (^)  it  ratber  siiddenlv  contnicts  ahoiit  <»ne  anii 
a  balf  incbes  l>elo\v  this  level  (afler  bavinjj:  pven  ofT  a  niiml)er  of  larj^e  branches  . 
so  that  tbe  inter\'eninji:  {ntrtion  is  sf)me\vbat  fiisiform  or  poncbed  ( A)ifne\v  »  :  «#»  the     *. 
pressiirc*  on  this  aortir  sej^jment  is  increased  bv  tbe  siulden  alteration  in  tbe  ilirecli««n    j^ . 
«»f  tlu-  Mood-ciirrent  caiised  hy  tlie  presence  (»f  ibese  branches  (tbe  inferior  phrenics    .  - 
tbe  rciliac  a.\is.   tbe  suprarenals,   siij)erior  mesenteric.   etc.>:   and  (d)  tbe  \valis  at^"  ^ 
this  poiiit  are  said  to  Ih-  intrinsicallv  \veak.  often  j^ivinj^  way  (\Voolsey )  diirini»  invt-   —_ 
lions  of  tbe  cadaver.      Tbe  ancnrism  mav  occnin*  anv  aspect  of  tbe  vessi-1.  bul  i-     3 
in«ire  coinnionlv  on  tbe  anlerior  \vall,  wbich  receives  less  siipj>ort.      As  it  enlarires  i 
\\ill  lansr  soint-  or  ali  of  ihc-  f<)llo\vinij  syni|>l<»ms  : 

I.    Tumor  in   tlu-  ipijuastric  or  bypocboncliia(*  rej^jion    f  usuallv  tbe  left  Uiaiisi*^' 
tlu  ir  i^  hss  nsistanrt-  Iroin  Mirnnindinj^  orvjans  and  bicaiisc  tbe  arterv  inclim>  "S/; 
ib.il   dinrtiiMi),  ba\ini;  lb<-  «liara("t«ristir  l»niii  and  <-\|)ansile  pidsiition.  conininnfv 
taj»al»lr  «•!  belntj  »uitlimil  bv  ])alpali«jn  nr  jL^ra^jM-d  .  distin^nisbinj^  it  fnun  a  *'thr«'l»- 
Mni;  .titrla"  i.  and  iincbaiijL;««!  a^  tn  j)iilsati(Hi  and   impiilsc  \vben  tbe  |)atient  is  pni  •'' 
ib«   kiui-rlbn\v  pii.-^itinn  ;  (-liiiiinatinu  jL:n»wiljsnr  tbe  Ktl  li)ln-of  tbi-  liver,  tbe  pyl«'n:> 
•  T  tli«,  pani  ir.m.  in  uliitb  tlir  tnnmr  r.ills  t^nvanl — i.t\  dn\vn\vani — and  tbr  imj»iil>« 
b-sM-HN  ^^\•  <li'^.ijijM-.ir>  .  <()«,lrr  .      2.    /h^f^n'!^  tnini  inlirbr<n«f  uilb  tbe  ilescent  ol 
ibf  »liapijiajLini.       ;.    /h  ^/^/uij^it!  tioni  ]Mi>^ini  mm  ib<-  nsnpbamal  openini^.      4.  /^J' 
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pepsia  and  voiniting  direcllv  froni  pressurc  upon  the  stomach,  and  indirectlv  from 
involvement  of  the  šolar  picxus.  5.  Jaundice  from  compression  of  the  common 
duct  and  duodenum.  6.  Polvuria  followed  by  albnminuria  and  hccmaturia  or  anuria 
from  prcssure  tm  the  renal  nerves.  7.  Oidcma  of  the  legs  and  feet  from  pressure  on 
the  ascendinj^  cava.  If  the  tumor  enlarges  posteriorly  there  is  apt  to  be  also  : 
8.  Pain  in  the  buttocks,  thighs,  and  loins  from  pressure  011  the  lunibar  ner\'es,  and 
in  the  back  from  pressure  on  the  šolar  plexus  and  splanchnics,  or  from  erosion  of  the 
vertebra  ;  and  rarelv  there  may  be  :  9.  \Vcakness  ov paraiysis  oi  the  lower  extremities 
from  involvement  of  the  cord.  As  a  rule.  the  pain,  distress,  and  disability  are  not  so 
great  in  ab<lominal  as  in  thoracic  aneurism,  because  of  the  grealer  mobility  of  the 
abdominal  contents,  \vhich  can  be  much  more  easily  displaced  than  those  of  the 
middle  or  posterior  mediastinum  and  with  consequences  not  so  directly  threatening  life. 

Abdominal  aneurisms  rupture  into  the  retroperitoneal  space,  the  peritoneal 
cavity.  the  intestines  (most  often  the  duodenum).  or — after  ulcerating  through  the 
diaphragm — into  the  pleura. 

Compression  of  the  abdominal  aorta  may  be  effected  by  special  tourniquets.  the 
intestines  being  first  well  emptied  and  then  got  out  of  the  way.  as  far  as  possible, 
by  rolling  the  patient  on  the  right  side  before  applying  the  pad,  bet\veen  which  and 
the  skin  a  soft  sf)onge  should  be  interposed.  The  pad  Ls  placed  a  little  to  the  left 
of  the  umbilicus,  or,  better — as  the  aorta  may  be  median  in  position — directly  over 
the  pulsation  of  the  vessel.  Macewen  has  ef!ectively  controlled  the  abdominal  aorta 
by  throwing  the  weight  of  the  body  on  the  aorta  through  the  closed  right  hand  placed 
a  little  to  the  left  of  the  middle  line,  the  knuckle  of  the  index-finger  just  touching 
the  upper  border  of  the  umbilicus.  With  the  left  hand  the  arrest  of  the  blood-cur- 
rent  is  ascertained  by  feeling  the  femoral  at  the  brim  of  the  pelvis.  Only  enough 
weight  to  arrest  the  femoral  pulse  is  required.  If  the  patient  vomits  or  coughs,  the 
pressure  must  be  increased,  lest  the  hand  bc  lifted  from  the  aorta  by  the  abdominal 
muscles. 

Of  course  these  methods  would  be  applicable  only  to  ^neurisms  situated  near 
the  bifurcation.  Compression  has  cured  at  least  one  such  čase.  They  have,  how- 
ever,  been  applied  in  iliac  and  common  femoral  aneurism  and  to  control  hemorrhage 
during  inter-ilio-abdominal  or  hip-joint  amputation. 

Ligation  of  the  abdominal  aorta  has  been  done  in  about  a  dozen  cases  with 
uniformly  ^tal  results.  The  ligature  has  been  applied  between  the  bifurcation  and  the 
origin  of  the  inferior  mesenteric  artery — one  and  a  half  to  two  inches  higher.  A  median 
incision  with  its  centre  at  the  umbilicus  is  made,  the  peritoneal  cavity  op>ened,  and 
the  intestines  displaced.  The  layer  of  peritoneum  over  the  arter\'  is  carefully  divided 
— or  scratched  through — and  the  vessel  isolated,  avoiding  the  sympathetic  fibres 
connecting  the  aortic  plexus  (lying  above  the  origin  of  the  inferior  mesenteric) 
with  the  hypogastric  plexus  nying  between  the  common  iliacs)  (Astley  CoofDer, 
Jacobson).  The  dense  areolar  tissue  surrounding  the  vessel  is  penetrated  and  the 
aneurism  needle  is  passed  through  it  from  right  to  left  to  avoid  injurv  to  the  vena 
cava.  The  extraperitoneal  operation  closely  resembles  that  for  ligation  of  the  common 
iliac  (page  808;. 

THE   VISCP:RAI.    BRANCHES. 

I.  The  Cceliac  Axis. — The  coeliac  axis  (a.  cocliaca)  ( Eigs.  720,  721)  arises 
from  the  anterior  surface  of  the  abdominal  aorta,  a  short  distance  1k*1o\v  the  aortic 
opening  of  the  dia|)hragm,  and  is  a  short,  stout  trunk  from  1-1.5  cm.  in  length, 
which  projects  foruard  alx)ve  the  upper  l>order  of  the  pancreas.  It  terminates  by 
dividing  simultaneonslv  into  (  i  )  \\\ii  ^^asiric,  (2)  hepatic,  iind  (3)  splniic  arterics. 

Varijitions.— The  orliac  axis  mav  Ik*  uanttn^;,  the  ihree  hranches  t«)  \vhich  iiormallv  it 
ffives  origin  arisiii}*;  indepi-ndentlv  from  the  aorta.  Occasioiiallv  it  jjivcs  rise  to  bul  t\vo  temirnal 
bruiches,  usuallv  the  hepalic  nnil  splenic,  althoiif^h  more  rarelv  they  may  l>e  the  j^astric  and 
splenic;  or,  while  dividinjr  into  tliree  trnniiial  hranches,  these  mav  lxj  the  ^stric.  hepjilic.  and 
a  common  stem  from  the  tvvo  inferior  phrenics ;  the  j^astric,  splenic.  and  the  rijrhl  suprarenal ; 
or  the  Rastric,  splenic,  an<I  the  ri^ht  j^astro-epiploic.  It  mav  also  jnve  rise  to  acklitional  hranrhes. 
such  as  one  or  hoth  nt  tln*  inferior  phrenics.  a  >jastro-diio<k*naI.  the  siii>erior  mesenteric.  the 
colica  medla,  or  the  p.-uuTeatica  ni.igna,  this  last  heing  nomiallv  a  branch  of  the  splenic  arter\\ 
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{M)  Gastric  branches  which  pass  downward  over  both  siirfaces  of  the  stomach,  anasto- 
mosing^  with  the  short  gastric  branches  from  the  splenic  arter>'  and  with  the  gastric  branches 
which  pass  upward  from  the  gastro-epiploic  arch  which  passes  along  the  greater  curvature  of 
the  stomach.  Some  of  the  branches  which  arise  from  the  more  proximal  portion  of  the  artery 
and  ramify  over  the  cardiac  portion  of  the  stomach  are  frequently  described  as  the  cardtac 
hranches, 

(rr)  A  small  hepatic  branch  passes  upward  between  the  two  Iayers  of  the  lesser  omentum 
towards  the  left  end  of  the  transverse  fissure  of  the  liver,  where  it  anastomoses  with  the  ]eft 
branch  of  the  hepatic  artery. 

Variations. — The  gastric  arter>'  occasionally  arises  directly  from  the  abdominal  aorta,  in 
which  čase  it  may  give  rise  to  one  or  both  of  the  mferior  phrenic  arteries.  Its  hepatic  branch  is 
not  infrequently  eniarged,  and  then  constitutes  the  main  stem  of  the  left  branch  of  the  hepatic 
artery,  which  thus  seems  to  arise  from  the  gastric 

{h)  The  Hepatic  Artery. — In  the  first  portion  of  its  coiirse  the  hepatic  artery 
(a.  hepatica)  (Figs.  720,  721)  passes  from  left  to  right  and  slightly  for\vard,  over  the 
right  crus  of  the  diaphragm,  lyin^  beneath  the  f>osterior  wall  of  the  lesser  sac  of  j>erito- 
neum.  Where  this  passes  over  into  the  f)osterior  layer  of  the  lesser  (giistro- hepatic) 
omentum  towards  the  right .  the  artery  bends  upward  and  ascends,  in  the  free  edge  of 
the  lesser  omentum,  towards  the  transverse  fissure  of  the  liver,  \vhere  it  divides  into 
two  terminal  branches. 

•  Relations. — In  the  first  portion  of  its  course  the  hepatic  arterv  rests  below 
upon  the  upper  border  of  the  head  of  the  pancreas  and  is  in  contact  alx)ve  with  the 
lower  surface  of  the  Spigelian  lobe  of  the  liver,  upon  \vhich  it  frequently  makes  a 
distinct  impression.  It  lies  at  first  upon  a  plane  posterior  to  the  f>ortal  vein,  but 
later  it  crosses  the  left  surface  of  the  vein  and  comes  to  lie  in  front  of  it.  In  its 
course  up\vard  in  the  free  edge  of  the  lesser  omentum  the  artery  lies  anteriorly  to  the 
portal  vein  and  upon  the  left  side  of  the  common  bile-duct. 

Branches. — As  the  hepatic  artery  passes  between  the  two  layers  of  the  lesser  omentum  it 
gives  origin  to  two  branches,  the  pyloric  and  the  gastro-duodenal. 

(aa)  The  pyloric  branch  (a  gastrica  deztra)  is  the  smaller  of  the  t\vo.  It  descends  to  the 
py]oric  end  of  the  stomach  and  then  bending  to  the  left,  runs  along  the  lesser  ciir\'ature  of  the 
stomach,  between  the  two  layers  of  the  lesser  omentum,  and  terminates  by  anastomosing  with 
the  gastric  artery.  It  gives  branches  to  either  side  of  the  pyloric  extreniily  of  the  stomach  and, 
like  the  gastric  arter>',  is  frequently  represented  by  tu'0  parallel  \  esseis. 

{bb)  The  gastro-duodenal  (a  gastrodnodenaUs),  the  larger  branch,  descends  behind  the 
first  portion  of  the  duodenum  and  terminates  at  its  louer  border  by  dividing  into  two  branches, 
the  superior  pancreatico-duodenal  and  the  right  gastro-epiploic 

(aad)  The  superior pancreatico-duodenal branch  (a  pancreaticoduodenalis  superior)  descends 
to  the  head  of  the  pancreas.  u{K>n  the  suriace  of  which  it  anastomoses  with  branches  of  the 
inferior  pancreatico-duodenal  branch  of  the  superior  mesenteric  arter>\  It  sends  branches  into 
the  substance  of  the  gland  and  to  the  walls  of  the  duodenum. 

(AM)  The  right  gastro-epiploic  artery  (a  gastroepiploica  deztra)  passes  to  the  left  along  the 
greater  curvature  of  the  stomach,  l)etween  the  folds  of  the  greater  omentum,  and  inosculates 
mith  the  left  gastro-epiploic  branch  of  the  splenic  arter>'.  It  sends  branches  upward  upon  both 
surfaces  of  the  stomach,  which  anastomose  with  branches  from  the  gastric  arter>'  and  from  the 
pyIoric  branch  of  the  hepatic.  and  other  branches  pass  dou'nward  into  the  greater  omentum 
(epiplo(>n). 

{cc)  The  terminal  branches  are  two  in  niimber  and  pass  the  one  tr)  the  right  and  the  other 
to  the  left  lobe  of  tlie  hver  The  right  branch  I  r«imus  dezter)  passes  touards  the  right  eztremitv 
of  the  transverse  fissiirc^of  the  liver  its  course  lying  either  in  front  of  the  hepatic  and  c\'stic 
ducts  or  betueen  these  tuo  structures.  At  the  eztremit>'  of  the  fissure  it  div-ides  into  a  number 
of  branches  whtch  enter  the  substance  of  the  right  lobe  of  the  liver.  As  it  passes  across  the 
hepatic  duct  it  gives  off  a  cystic  branch  ( a  cistica )  which  runs  do\mward  and  forward  along 
the  c>'Stic  duct  to  the  gall-bladder  whose  walls  it  supplies,  also  giNnng  some  small  branches  to 
the  hver.  The  left  branch  (ramus  siniHter")  is  directed  towards  the  left  end  of  the  tr.insverse 
fissure.  and  aftt-r  givmg  off  one  or  tw«>  branches  which  enter  the  substance  of  the  Spigelian 
lobe,  terminates  hy  dividinj;  nito  h  number  of  hranches  \vhich  enter  the  left  lobe  of  the  liver. 

Variations  —  Variations  of  the  hepatic  arter\' are  exceeding!y  frequent.  The  arter\' itself 
fiiay  arise  directiv  from  the  aorta  instead  of  from  the  caliac  axis.  or.  by  the  enlar^ement  of  its 
anastomoses  and  the  dinutiution  of  the  normal  main  stem,  it  may  .ippear  to  be  a  branch  of  the 
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g^tric  or  more  (requenily  of  the  superior  tnesenteric  arterj-.  It  has  aiso  been  described  is 
arising  kom  thc  ri^ht  rcnal  iin<;r>'<  Further.  by  the  enlai^^ent  of  anastomoses,  BSSodaiFd 
with  a  persistence  of  Ihe  iiormal  niain  sttm,  accessorj'  hepstic  arteries  from  the  gasUk  or 
superior  mesenterii:.  or  buth.  may  be  prescnt,  and  an  accessuO'  stem  may  aris«  from  tbe  aorta. 
Great  variation  iiccurs  in  the  point  at  which  the  artery  divides  iiito  its  lwa  terminal 
branches.  This  division  may  occur  as  low  down  as  the  urigin  of  the  ^astro-duodcnal  branch. 
so  that  in  its  course  up  the  free  edge  uf  ihe  lesser  omentum  the  arlery  may  be  represented  by 
two  parallel  stems  which  pass  respectivel^  to  the  right  and  left  lobes  of  the  Vivct.  Indeed.  not 
only  iiiay  there  be  a  precocious  division  into  the  two  lermitul  branches.  bul  each  of  these  tnav 
again  divide,  almost  at  their  oriKJn,  into  two  or  more  stems.  so  that  a  number  of  parali«!  vessels, 
one  of  whicli  U5ually  represents  the  cystic  branch,  ascend  to  the  liver.  Occastonally  the  cy-5tic 
branch  or  an  accessory  cystic  branch  arises  from  the  gastro-duodenal,  and  this  latter  vessel  mav 
arise  from  the  corliac  axis,  while  the  liver  and  gall-bladder  are  supplied  by  a  stem  u*hich  ariseš 
from  the  superior  mesenteric  ( Brewer). 

(c)  The  Splenic  Artery. — The  splenic  artery  (a.  lienalis)  (Figs.  720,  721) 
is  the  largest  branch  of  the  cGeliac  axis.  It  passes  in  a  more  or  less  tortuous  course 
over  the  left  cnis  of  the  diaphragm  and  along  the  upper  border  of  the  pancreas,  U-ing 
tiehind  the  posterior  wall  of  the  lesser  sac  of  the  peritoneum.     It  crosses  the  anterior 


siirface  of  the  left  siiprarenal  capsule  and  the  iipper  part  of  thc  left  kidnev.  ani 
pa.s.sing  betwe(.'n  the  tw<j  layers  of  thc  lienorenal  ligament,  reaches  the  hilum  of  tf 
-splecn,  where  it  breaks  up  into  a  number  (if  branches  which  pass  to  the  substance  ^     < 
that  orj^an. 

Branches.— I  la )  Pancteatic  branches  ( rami  pancrtatici )  are  given  off  from  the  ^plenic  artf^^rc 
throUKhiml  the  eniirt  t.Menl  of  its  course  along  Ilu--  up[>fr  border  of  thc  pancreas  and  si^>|»— ^ 
thiit  orcan.     Une  branch.  much  larger  Ihan  the  utliers  (a  paocrtatlca  magiu),  arises  al  ab^^M 
the  junclion  <if  Ihe  middle  anil  left  thirds  of  the  arter>-  and   entering  the  substance  of  ihe  ffiarmd 
obliqiie]v.  piisses  from  left  to  rii,'ht  iilrm«  with  the  jiancrealic  ilucl. 

I  M)  Short  gastric  branches  (na  aafilricae  brevenl  variable  in  number,  are  given  oft  cilh«" 
from  ihf  ti-rmiiial  iionion  c)f  the  arterv  or  from  some  nf  its  terminal  branches  Thej'  p»» 
bi-tiA.-i'i>  ih.-  livcrsof  Ihe  naslni-siik-iiiir  r.mentiim  ti.  the  leit  end  of  the  Rreater  curvalureof*« 
stoniinli,  and,  i)iissiMj;  iiinm  ibe  siirf:irfs ot  thal  or^an,  stippiv  11,  and  anastomose  Hith  ihecarcb« 
branches  i.f  the  K^i-^lric  :irtery  and  vvilh  ihe  br^inches  of  Ihe  left  gasUo-epiploiC. 


THE   VISCERAL    BRANCHES. 


Soi 


(rf)  Theleft  gastro-epiploic  Brteiy  (a.  KsstrMpiploica  Blajstra)arisescl()sc  lothe  tiTnimation 
o(  the  spleiiic  and  )>asses  between  the  ]ayers  of  ihe  gastroKpIenic  omentum  lo  the  Rreater  curvature 
o(  the stomach,  alun^  »hich  it  runs  beiween  the  layers  of  the  greater omentum.  and  terminates  by 
inosculaling  with  the  riRl«  Hii^tro-epipUiii-  branch  of  the  hepatjc  arterj'.  Throughout  its  eoursc  it 
gives  o(f  numerous  branches  which  pass,  on  ihe  one  hand.  upvvard  upon  bolh  snrfaces  of  ihe 
stomach  to  anastomose  wiih  branches  of  ihe  K^^stric  arterj'.  and,  on  the  other  hand,  downward 
into  the  grealer  omentum, 

Variations. — The  splenic  is  remarkablv  con^tant  in  its  course  and  brnnches.  It  may  arise 
directlv  from  the  aorta,  and  it  has  been  observed  to  }cive  off  the  K^slric  arler>',  a  large  branch 
to  ihe  left  lobe  of  ihe  liver.  and  the  middie  colic  arterj-. 

2.  The  Superior  Mesenteric  Artery. — The  supcrior  nicsenteric  artery 
(a.  mescnterica  superior)  (Figs.  721,  722)  arises  Irom  the  imierior  surface  of  the 
abdominal  aorta,  about  1.5  cm.  below  the  coeliac  asis.  It  Vics  at  first  behind  the 
pancreas,  l>ut,  passing  (lownward  and  fonvard,  it  emernes  l)etween  that  organ  and 
the  iipper  border  of  the  third  ponion  of  the  duodenum  and  enters  the  mesentery. 


It  pas,ses  downw:ird  lK-t«ei 
towards  the  rif,'ht,  and  ti-rni 
anastomosiiij;  "ilh  its  imn  i 
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with  the  exception  of  iht-  iipi«.- 
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It  passes  dounnard  and  to  the  left.  beneath  ihe  pvritoiieum  and  rt-sting  u(khi  ihc 
left  psoas  musclc,  and.  after  having  crossed  the  left  comnion  iliac,  it  terminates  iipon 
the  iippcr  portioii  ni  tlie  rectuni  ihis  tL-rminiil  jx)rtinn  lx;ing  called  iht;  suficrior  kcm- 
orrhoidal  artt-rv. 

BnnchcB.— |()l  The  left  colic  artery  (>.  collo)  filoiMra)  JirLst 
the  artM>-  and  passcs  upuard  and  to  thv  left.  It  dividtrs  liitii  an 
branch,  the  fonner  dI  which  [klsscs  betnet-n  the  tuo  layers  irf  the  traiisversf  niesuciilon  to  Inos- 
culate  wilh  the  middie  cotic  branch  of  the  superior  mcsenteric,  \\hi1f  thf  ik'scending  branch. 
cnteriitK  the  si^nnoid  mesocolon,  aiiastumuses  wtth  the  siKmoid  artiTies.  Kruiti  the  arches  thus 
formed  branches  pass  to  thc'  left  portiunof  the  transversecolimand  l<i  the  uliole  iif  thedescend- 
ing  colon. 

{b)  The  sigmoid  branch««  (aa.  sigmoldcBc ),  twu  ur  ihree  in  uiiiniKT.  are  Kiti-ii  oll  .-ls  tlie 
inferior  iiiesenteric  crosses  the  left  commcin  iliac.     The\'  ran  ilmvimanl  and  ti)  the  leit  over  tlii: 


SU|wrior  «1 


.iKimiid  nn-siK<ilon.  Kivi-ofi 
tiiothtr  and  »ith  the  kft  C 
iiin  «Uii-h  l>rani'hes  jkiss  ti> 


left  ]>sua.s  inus<:le  and,  |uissin>;  lielnten  llic  tnii  lavi-rs  iif  ihe 
cendingand  desct-ndin);  liranHu-s  nhidi  ana>li)niiise  ivilh  one 
and  superior  hem<)rrhoidal  arliTii-s,  liirniinu  uitli  llii-ni  archi-i  f 
luginoid  colun. 

[f)  Tht'  superior  hemorthoidal  anei^  la.  hncmnrrhnlil.-iliH  »uiKrior  1  is  Ihi-  terminal  (Mirtiitn 
oftiie  inferior  niestntt-rir.  It  (lisivmis  inti>  tla'  |M-lvis  IvinulK^luii^n  lin-  tolils  of  ihe  niesenlerv 
<rf Ihe  pelvir  piirtion  of  thr  ■olnn,  and  ,il  iliv  junniim  of  ihe  i-olon  and  rirtiini  divides  into  twii 
branches  u-hicli  omlinui-  <lr>uii  ilu-  sulis  nf  ihc  nirtum.  su|>iilyinK  tlial  vis<-ns  and  makiiif;  ana.t- 
lOcnoseM  with  th<.'  iniddli-  lieniorrhoidal  froin  the  internal  iliac  aiidu-ilh  the  inferior  hemorrhoidal 
from  the  intemal  piidic. 
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Variations. — The  iiiferior  inesenteric  arter>'  niay  be-uanting,  its  plače  betng  supplied  by 
branches  froni  the  superior  mesenleric.  ll  occasionally  gives  rise  lo  tne  middie  colic  arterv  i»r 
to  an  accessory  renal  vessel. 

4.  The    Inferior    Phrenic   Arteries. — The   inferior    phrenic   arteries    (aa. 
phrenicae  inferiores)  (Fig.  718)  most  frequently  arise  from  the  abdominal  aorta,  cither 
singly  or  by  a  common  trunk,  immediatcly  beneath  the  aortic  opening  of  the  dia- 
phragni  and  above  the  cceliac  axis.     They  are  directed  upward  and  laterally  over  -, 
the  crura  of  the  diaphragm,  to  \vhich  thev  supply  branches,  and  in  ihis  portion  oi  ^, 
their  course  they  also  give  ofT  superior  suprarenal  branches  (rami  suprarenales  ^^ 
superiores )  to  the  suprarenal  bodies.     Over  the  region  where  the  crura  pass  into  the  -^j, 
diaphragm    proper,   each  inferior  phrenic  divides  into  an  internal  and  an  extemal  f  ^ 
branch.     The  former  is  the  smaller  of  the  t\v(),  and  passes  inward  touards  the  ceso-  _^ 
phageal  opening  of  the  diaphragm,  \vhere  it  anastomoses  with  its  fellow  of  the  oppo-  _^. 
site  side  lo  form  an  arterial  ring  from  which  branches  descend  up>on  the  oesophagus.  ^  ^ 
supplying  the  lower  portion  of  that  structure  and  anastomosing  with  the  cesophageal  f  ^J 
branches  of  the  gastric  artery. 

The  external  branches  are  directed  laterally  upon  the  under  surface  of  the  dia-  _  j. 

phragm,  supplying  it.     They  pass  as  far  forward  as  the  costal  and  sternal  origins  oi  i^/ 

the  diaphragm,   anastomosing  with   the  musculo-phrenic,   superior  epigastric,   and 
superior  phrenic  branches  of  the  internal  mammary  arteries,  while  other  branches 
ramify  over  the  lateral  portions  of  the  diai)hragm.  anastomosing  with  the  lower  inter-        — 
costals  and  perforating  the  central  tendon  to  anastomose  with  the  pericardial  arteries       ,ii-— 
and  with  the  diaphragmatic  branches  of  the  thoracic  aorta. 

Variations? — The   inferior  phrenic  arteries  are  verv  variable   in   their  origin.      One  fre-  —  - 

quently  takes  its  origin  from  the  c(eliac  axis  or  from  one  of  its  branches,  or  bolh  may  arise  from  ^^:i 

the  axis.     They  ha  ve  also  been  obser\'ed  lo  arise  from  the  superior  niesenteric  or  the  renal.  or  ^^r 

from  the  abdominal  aorta  below  the  superior  niesenteric.     They  also  var>'  considerab]y  in  volume.  _  . 

5.  The  Suprarenal  Arteries. — The  suprarenal  arteries,  sometimes  temied  the  rr^ 
middie  suprarenais  (aa  suprarenales  mediae)  (Fig.  718)  to  distinguish  them  from  the 
suprarenal  branches  of  the  inferior  phrenic  and  renal  arteries,  are  a  pair  of  small  M'  l\ 

but  constant  branches  which  arise  from  the  sides  of  the  aMominal  aorta,  almost  oppo- - 

site  the  origin  of  the  superior  mesenleric  artery.     They  pass  outuard  and  slightl) — -^5»* 

upward  over  the  crura  of  the  diaphragm  to  the  suprarenal  bodies,  where  they  anasto «- 

mose  with  the  other  suprarenal  branches. 

6.  The  Renal  Arteries.— The  renal  arteries  (aa.  renales)  (Figs.  718,  1591!?^  ) 
are  two  large  stems  \vhich  arise  from  the  sides  of  the  abdominal  aorta  a  little  beleči-- 
the  origin  of  the  superior  mesenleric.  l'sua]ly  the  lwo  arteries  are  opposite  eaci 
other,  bul  frec)uenlly  that  of  the  right  side  arises  a  lillle  lower  down  than  that  ot 
the  left  side.  They  are  directed  outward  and  slightly  downward  towards  the  kidnevs,^ 
each  arterv,  before  reaching  the  hilum,  dividing  into  from  three  to  five  branches,«. 
which  enter  the  substance  of  the  kidney  independenllv  al  the  hilum. 

Relations. — In  their  course  towards  the  kidnevs  the  renal  arteric*s  restupon  tht-^  ^^^' 
lower  portions  of  the  crura  of  the  diaphragm  and  more  lalerally  ui)on  the  upper  partot^^^^^^ 
the  psoas  nuisck^.  The  right  arterv  is  someuhat  longer  than  the  left,  owing  to  tht-a^  ^^^ 
position  of  ihe  alnlominal  aorta  a  little  lo  the  left  of  the  median  line,  and  it  passes  behind-^  ^^ 
the  inferior  vena  ca\'a.  Holh  vessels  are  almost  concealed  beneath  the  correspondinjj5-*lE.  ■K 
renal  veins,  and  at  the  hilum  of  the  kidnev  the  majority  of  the  terminal  branches  pa.sft 
in  front  of  the  u|)per  portion  of  the  ureler,  onlv  one  or  lwo  passing  behind  it. 

Branches. — NVar  its  tennination  t-acii  arttTv  ^ives  oflF  branches  which  pass  to  the  adipci 
tissue  surroundinj;  the  kidnev.  and  a  ureteral  branch  \vhich  supplies  the  upper  part  of  the  ureter. 
anastomosinj^  with  the  ureteral  branch  of  the  spennatic  (or  ovarian)  arter>'.     More  proximalh 
it  >2:ives  origin  to  an  inferior  suprarenal  branch    (a   sii|)r<irenaliH  inferior)  which  passes  upward  ti 
the  louer  part  of  the  suprarenal  IhkIv  .ind  anastomoses  \vith  the  other  branches  which  p»  t« 
that  stnirture. 

Variations.— Not  iiifn-iiiK-ntlv  the-  division  of  the  n-nal  arteries  into  their  terminal  hranche^ 
takes  plao-  rariv.  soiiKtimes  ininiediatdv  at  their  orijjin.  several  stems  ari.sing  directly  from  iht" 
aorta  and  passing  outuard  to  tlie  kidnev.     Ac«  t-ssorv  renal  !>ranches  may  arise  from  theabckiini' 
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nal  iiorta  or  froni  tht  niiddk*  sacral,  the  comnion  iliac,  ihu  internal  iliac.  or  ihe  inferior  niescn- 
leric,  and  occasionall)-  ihe  renal  arten*  proper  niay  be  lackin^  and  ils  plače  taken  by  a  vessel 
from  one  or  other  of  these  orijjins.  These  accessory  arteries  fre(|uc'ntly  enter  the  suJ)siance  of 
the  kidney  elseu'here  than  at  the  hilum. 

The  two  renal  arteries  niay  arise  by  a  coninion  trunk  froni  the  anterior  surface  of  the  aorta, 
;md  they  occasionallj-  jjive  of!  branches  which  are  either  accessory  to  or  replace  vessels  nonnalIy 
arising  elseuhere.  rhus  they  have  been  observed  to  give  rise  to  the  inferior  phrenics,  the  right 
branch  of  the  hepatic.  the  sj^ermatics.  branches  to  the  pancreits  iind  colon,  and  one  or  more  of 
the  lumbar  arteries. 

-J a.  The  Spermatic  Arteries. — The  spennatic  arteries  (aa.  spcrmaticae  intcrnac) 
(Figs.  718,  1 59 i)  are  two  slender  vessels  which  arise  from  the  anterior  surface  of  the 
aorta  a  little  below  the  renals.  They  are  directed  downward,  and  slij>^htly  outward  and 
fonvard,  towards  the  lovver  part  of  the  anterior  abdominal  wan,  and  as  they  approach 
this  each  vessel  cur\'es  in\vard  towards  the  median  line  to  reach  the  internal  abdominal 
ring.  Here  it  comes  into  relation  with  the  v;is  deferens  and  becomes  enclosed  with 
It  in  the  spermatic  cord.  Kmbedde<l  in  this  structure,  it  traverses  the  inguinal  canal 
and  jjasses  into  the  scrotum,  terminating  just  above  the  testis  by  dividing  into 
branches  vvhich  p)ass  to  that  organ  and  to  the  epididymis. 

Relations. — In  its  course  through  the  abdomen  the  left  spermatic  artery  lies 
behind  the  peritoneum  and  rests  upon  the  psoas  muscle.  About  the  middle  of  this 
portion  of  its  course  it  crosses  obliquely  in  front  of  the  ureter,  and  lovver  down  has 
resting  upon  it  the  sigmoid  colon.  The  right  arterv  at  tirst  lies  in  the  root  of  the 
mesentery  ;  it  descends  obliquely  upon  the  anterior  surface  of  the  inferior  vena  cava 
arid  then,  crossing  the  ureter  obliquely,  comes  to  lie  behind  the  terminal  portion  of 
the  ileum  and  frequently  behind  the  vermiform  appendix. 

In  the  pelvic  and  inguinal  portions  of  their  course  the  relations  hi  lx)th  arteries 
are  the  same.  The  vessels  rest  upon  the  psoits  muscle  to  the  outer  side  of  the  ex- 
temal  iliac  artery,  and  cross  the  lower  part  of  that  \essel  and  the  accompanying  vein 
to  reach  the  internal  abdominal  ring.  In  their  course  dovvn  the  spermatic  cord  the 
arteries  lie  behind  the  anterior  group  of  the  spermatic  \eins  and  in  front  of  the  vas 
deferens. 

Branches. — In  addition  to  the  terminal  \a)  testicular  and  \h\  epididymal  branches,  each 
spermatic  arter>'  ji^ives  ofT — 

(c)  An  ureteral  branch  vvhich  is  distributed  to  the  middle  |K>rtion  of  that  duct,  ančLstomosing: 
with  the  ureteral  branch  of  the  renal  arterv  alK)ve  and  vvith  l>ranches  from  the  mferior  vesical 
arter>'  below. 

(d)  Cremasteric  branches  are  given  <»fT  in  the  course  throiijjh  the  six*rniatic  cord  and  sup- 
ply  the  cremasler  muscle.  anastomosinjj:  vvith  the  cremasteric  branch  of  the  deep  epijjastric 
arter>'. 

Variations. — The  spermatic  arteries  occasionally  arise  bv  a  common  trunk,  or,  on  the 
other  hand,  they  may  arise  at  diflFerent  levels.  They  have  iK-en  t)bserved  to  arise  froni  the 
renals,  especially  the  left  one,  from  the  suprarenals,  or  from  the  suiK^rior  mesenteric  arterv*. 

7^.  The  Ovarian  Arteries. — The  ovarian  arteries  ( aa.  ovaricae)  (Fig.  726) 
corresf>ond  in  the  female  to  the  spermatic  arteries  of  the  male,  and  have  a  similar 
origin  and  similar  relations  in  the  ab<lominal  portion  of  their  course.  Arrived  at 
the  pelvis.  hovvever.  thev  cross  the  common  iliac  arteries  and  veins  and,  traversing 
the  suspensorv  ligament  of  the  ovarv.  pass  invvard  lK*t\veen  the  f(^lds  of  the  broad 
ligament  of  the  uterus.  termmating  InMieath  the  ovarv  by  inosculating  vvith  the  uterine 
arterv. 

Branches.— Like  the  spi*rmatic  arteries.  the  ovarian  jcive  ofF  1  a )  ureteral  branches.  In  ad- 
dition, thev  v:ive  rise  to  ib)  tubal  branches,  vvhich  pass  to  the  distal  |X)rtions  of  the  Fallopian 
tubes ;  (c)  ligamentous  branches,  vvhich  acrompanv  and  suppiv  the  round  ligament  of  the 
nterus  ;  and  (d  )  ovarian  branches,  \vhich  enter  the  hilum  of  the  ovarv-  and  are  distributed  to  its 
sul^tance. 

8.  The  Lumbar  Arteries. — The  lumbar  arteries  (aa.  lumbales")  (Fig.  7  iS)  are 
arranged  in  four  |)airs.  a\\(\  take  origin  from  the  sides  of  the  abdominal  aorta,  opposite 
the  four  upper  lumbar  vcrtehne.  Thev  are  directed  outvvard  upon  the  bodies  of  the 
vertehrae,  the  lumbar  |)ortion  of  the  svmpathetic  cord  descending  in  front  of  them,  and 


8oo 


HUMAN   ANATOMV. 


gastric  or  more  fre()uenily  uf  Ihe  supt;riur  nicsenteric  arl<;r>'.  It  has  aiso  been  described  ;i> 
arisin^  fruni  thi;  ri^ht  runul  artery.  Kurther.  by  the  enkrKeiiient  of  anastomoses,  associatcd 
with  a  )K:rsistt:iicc  of  the  noinial  mam  stem,  accessur)'  hcpatic  arteries  frum  th«:  gasiric  or 
superiur  tnesenleric,  or  bolh.  ni!Ly  be  preseni,  and  aii  accessorj'  steni  may  arise  from  the  aorta. 
Ureat  variatiuii  iiccurs  in  the  |>(>tm  at  which  the  arterj'  djvides  inio  jts  two  terminal 
branches.  This  divisiun  may  occur  as  1uw  d<>u'n  as  the  origin  ul  Ehe  );astru-duodena1  hranch. 
so  that  in  ils  course  u\>  the  frec  cdge  of  the  lesser  omenliim  Ihe  artcry  niay  be  represente<1  by 
two  parallel  siems  tvhich  pass  resnectivel^  le  ihe  right  and  left  lulies  of  Ihe  hver.  Indetij.  niit 
only  may  there  be  a  precocious  clivision  mto  the  two  terminal  branche!!.  bnt  each  of  these  mav 
again  divide,  almo.st  at  Iheir  oriKin.  inio  two  or  more  »tenis,  so  that  a  number  of  parallel  vessel^. 
one  of  which  usually  represenls  the  cystic  branch.  ascend  to  the  liver.  ()ccasionally  the  cjTtic 
branch  or  an  accessorj-  (.-ystic  hranch  arises  from  the  gaslru-duodenal,  and  this  lattervessel  n)ay 
arise  from  the  cceliac  axis,  tvhile  the  liver  and  ^all-bladder  are  supplied  by  a  stem  H*hich  ariNcs 
from  the  auperior  mesenleric  |.Brewer). 


{c)  The  Splenic  Artery. — The  splenic  artery  (a.  Uenalis)  (Figs.  720,  721 ) 
is  the  largest  branch  of  ihe  cceliac  axis.  It  passes  in  a  more  or  less  tortuous  courbe 
over  the  left  cnis  of  the  diaphragm  and  along  the  upper  border  of  the  pancreas,  l>i'njj 
behtnd  the  posterior  wail  of  the  lesser  sac  of  the  peritoneum.     It  crosses  the  anterior 
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surface  of  the  left  siiprarenal  capsiile  and  the  upper  part  of  the  left  kidney.  anc^ 
passing  betvveen  the  two  lavers  of  the  lieno-renal  liganient,  reaches  the  hilum  of  ti 
spleen,  »here  it  breaks  up  into  a  number  o(  braiiches  which  pass  to  the  substance  ^«= 
that  organ. 

Brancbes.— I  aa  1  P»ncre«tic  branchea  (rami  poacrcatldl  are  tfiven  olT  from  the  splenic  aiKT^ 
throuKbout  the  eniire  e.^iteut  of  ils  coiirse  alon«  tlie  iipper  border  of  the  pancreas.  and  suppl »' 
that  i)rn;iii      Une  branch.  nnich  laoier  than  tlic  othem  (a  paocnaika  mapia),  arises  at  abo«' 
Ihe  jiinctii.n<if  theniL<Ulle  and  left  thirils  of  Ihe  aner>-  and   entermR  the  substance  of  Ihe  ftUnd 
obliquely.  |i;i«ses  fnjni  left  to  rinht  alonj;  «ith  the  panrreatic  duct. 

(M)  Shorl  gastric  branches  Inn  e.iE>tricac  l.revesV  varinble  in  number.  are  given  oH  eithrf 
from  thi-  tfrniMi;il  portion  of  the  arli-rv  "t  from  some  "f  ns  lerminal  branches.  They  pass 
l>etwceTi  Ihe  lavcrs  of  the  Kastro-splcnic  onii-ntiini  lo  Ihe  k-lt  end  of  the  grealer  cur\ature  oi  the 
sloniarh.  and.  iiassMi«  n|mn  the  siirfacesol  lbatort;rin,  s«pply  it,  and  anastomose  with  the  and« 
branches  ,if  thv  j;astric  artery  and  with  ihe  braiiehes  cn'  the  left  gaslro-epiploic. 
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(cc)  Thelcft  g«Btro-epiploicaitery  (a.  nastrotpiplaica  sinli<tra)arisesclijs<;  tolhelerniinatiun 
oS  Otv  splehic  and  |Ki.sses  between  the  ]ayersof  ihe  (rastro-splcnic  otiientum  to  tht;  greatercurvalure 
of  the  stumach,  along  wliich  il  runs  betu-een  the  1ayers  of  the  greater  omenlum.  and  terminates  by 
inosculating  with  the  ri^ht  Rastro-epiploic  branch  of  the  hepatic  arteri'.  Throughout  its  course  it 
givi^  off  numerous  branches  uhich  pa.ss,  <in  Ihc  one  hand.  upu-ard  upon  bolh  surfaces  of  the 
stomach  to  anastotnose  with  branches  of  the  Kas'"^  artery,  and,  on  the  other  hand,  downward 
into  the  greater  omentum. 

Variations. — The  splentc  is  remarknbl)-  constant  in  its  course  and  branches.  It  mav  arise 
directiv  from  the  aorta,  and  it  has  been  observed  to  Rive  off  the  );astric  arterj-,  a  large  branch 
to  the  left  !obe  of  the  liver,  and  the  middie  colic  artery. 

2.  The  Superior  Mesenteric  Artery.  —  The  superior  mesenteric  artery 
(a,  mescnlerica  superior)  (Figs.  721,  722)  arises  from  the  anlerior  surface  of  the 
abdoniinal  aorta,  about  1.5  cm.  bclow  the  ccehac  axis.  It  hes  at  lirst  bc-hind  the 
pancreas.  but.  passiriK  downward  and  foiMard.  it  cmerges  betvvcen  that  organ  and 
the  upper  border  of  the  third  portion  of  the  duodenum  and  enters  the  mesentery. 

Fig.  7«. 


It   passes  doMtnv; 
towards  thi-  ^i^,'lu.  ^iiiil  icrn 
aniLStoninsin^;  «Lth  il^  n\v]i  ; 

BtanchcB.  "Hu'  sii|«'dc>r 
with  the  exceiili.m  oi  ilif  »['[». 
large  intestiiie,  iruImliiiK  thi.'  . 


s  of    the  Tnestiiti^Tv.   nradually  cur\'ing 
mcli.in  i>[  the  ikuiii  ttilh  the  c»cum  by 


esf  ntt- ric  ;irtery  stippli 
part  of  ihe  (lundvnmi 
■ciini  .in<l  iippfndis.  1 


■^ ihe  nhole  lfin,'th  of  the  small  ii 

.  anil  also  a  considerable  portion  of  the 

le  <Lscen<1int;  colon,  and  about  half  the 
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j^ansverse  colon.  The  lower  portions  of  the  duodenuin  and  ileum  and  the  large  intestine  are 
supplied  by  branches  given  off  froni  llie  concave  surface  of  the  arter>',  while  the  rest  crf  the  small 
intestine  receives  its  supp)y  froni  a  somewhat  variable  number  of  branches  which  arise  from 
the  convex  surface. 

{a)  The  inferior  pancreatico-duodenal  (a.  pnncreaticoduodenalis  inferior)  is  a  stnall  vessel 
which  usually  arises  from  ihe  sui>erior  mesenleric  just  as  it  emerges  from  beneath  the  pancreas. 
althoug:h  it  iKcasionally  is  given  oflF  by  the  up|)ermost  of  the  intestinal  branches.  It  passes  towards 
the  right  along  ihe  upper  l)or(ler  of  tlie  third  portion  of  the  duodeinim,  and  supplies  that  |X)rti<>n 
of  the  intestine,  as  well  as  the  neighboring  portions  of  the  pancreas.  and  anastomoses  with  the 
superior  pancreatico-duodenal  branch  of  the  hepatic  artery. 

{d)  The  intestinal  branches  (rami  intestinalcH),  aiso  called  Z'asa  inirsfitti  ienuis^  are  frtmi 
ten  to  sixteen  in  nunil)er,  and  arise  from  the  convex  surface  of  the  artery,  those  branches  \vhich 
arise  from  the  upiKT  |)ortion  of  the  parent  stem  iKMiig,  in  general,  larger  than  the  louer  one^. 
The  first  two  or  three  branches,  as  they  pass  touards  the  intestine  between  the  tuo  lavers  ai 
the  mesenterv.  divide  into  an  ascending  and  a  (lescending  branch,  and  these  branches  inosciilate 
to  form  a  series  of  j)rimary  arclies,  \vhich  run,  in  a  general  way,  parallel  wilh  the  intestine. 
Lower  do\vn,  in  addition  to  these  primary  arches,  secondary  ones  are  formed  by  the  inosculation 
of  branches  given  t>ff  pr()ximally  to  those  which  form  the  primary  arches  ;  stili  later,  tertiar>*  arches 
make  their  ap|K»arance,  and  finally  the  arrangement  liecomes  so  complicated  as  to  resemble 
a  net-work  rather  than  a  definite  series  of  arches.  From  the  convex  surfaces  of  the  primar\ 
arches  a  large  number  of  parallel  straight  branches  pass  to  the  intestine  and  are  distributed  to 
its  walls.  They  rarely  branch  in  their  course  ihrough  the  mesenterv,  and  are  usually  distributed 
to  one  side  of  the  intestine  and  then  to  the  olher  alternately.  The  rich  anastomosis  \vhich 
occurs  lK*t\veen  the  various  intestinal  branches,  and  which  varies  greatly  in  its  complexity,  serves 
to  equalize  the  supply  of  blood  to  the  enlire  length  of  the  intestine  and  to  jK-rmit  of  abundant 
and  rapidly  coUateral  circulation  to  any  portion  of  the  tract  from  \vhich  the  direcl  supplv  mav 
be  cut  off  by  pressure  exerted  during  i>erislalsis. 

(r)  The  ileo-colic  artcry  (a.  ileocolica)  arises  alKHit  half-uav  down  the  concave  surface  of 
the  .suj>erior  mesenteric  either  indei)endently  or  in  comnion  with  the  right  colic  branch.  It 
jKisses  downward  and  outward,  beneath  the  peritoneum,  touards  the  ileo-ciecal  junction,  giving 
ofT  branches  which  inosculate  with  the  right  colic  above,  with  the  tenninal  ]M>rtion  of  the  supe- 
rior mesenteric  below,  and,  in  the  interval,  \vith  one  another  to  form  a  series  of  arches  fn»m 
which  branches  are  supplied  to  the  terminal  portion  of  the  ileum,  to  the  Ciecum  and  the  vemii- 
form  appendix  (a.  appcndicularis)  and  to  the  lovver  third  of  the  ascending  colon. 

{d  )  The  right  colic  artcry  (a.  colica  dextra)  arises  from  the  concave  surface  of  the  sujK-rior 
mesenteric  either  a  short  distance  above  or  in  common  with  the  ileo-colic.  It  runs  touards  the 
right,  1>ehind  the  jK-ritoneum,  passing  over  the  right  psoas  muscie,  the  ureter,  and  the  sjxfnnatic 
(or  ovarian)  vessels,  and  as  it  approaches  the  ascending  colon  it  divides  into  an  ascvnding  «ind 
a  descending  branch.  These  inosculate  res|iectively  uith  the  middle  colic  and  the  ileo-colic  to 
form  arches,  from  which  branches  pass  to  the  up|)er  tuo-thirds  of  the  ascending  and  to  a  ix>rtion 
of  the  transverse  colon. 

{e)  The  middle  colic  artcry  (a.  colica  media)  arises  from  the  concave  surface  of  the  su|H'rior 
mesenteric  a  little  belour  the  origin  of  the  inferior  pancreatico-<luodenal  branch.  It  jiasses  for- 
uard  and  dounu'ard  betueen  the  lwo  lavers  of  the  transverse  mesocolon,  and  divides  into  a 
right  and  left  branch  which  inosculate  resi)ectively  uith  the  right  colic  and  wilh  the  left  colic 
branch  of  the  inferior  mesenteric  to  form  arches,  from  uhich  i)ranches  p;iss  to  the  tninsverse 
colon. 

Variations. — Considerable  vari«ition  occurs  in  the  numl>er  and  |)osili<m  of  the  branches  of 
the  sui>erior  mesenteric  artery  and  also  in  the  complexity  of  the  anastomoses  uhich  occur 
l)elween  these.  In  addition  to  those  usuallv  present,  branches  mav  l)e  sent  to  anv  <)f  the  neigh- 
lK>ring  organs,  such  as  the  liver,  stomach,  and  spleen,  and  the  arterv  may  give  rise  to  the  heiMtic. 
«is  already  |)ointed  out,  or  to  the  gastro- ducKlenal,  or  even  the  gastric  or  renal  arter\-.  It  has 
l)een  observed  to  supply  the  plače  of  the  inferior  mesenteric  arter>'  uhen  that  vessel  uas  lacking, 
giving  ofT  left  colic,  sigmoid,  and  sujK-rior  hemorrhoidal  branches. 

From  the  embrvological  stand-}x>int  the  sui)erior  mesenteric  represenls  the  intestinal 
branch  of  the  omphalo-niesenteric  artery.  uhich,  (luring  the  earlv  months  of  fcetal  life,  passes 
outuard  throngh  the  imibilicus  to  l)e  distributeti  ujMm  tlie  surface  Of  the  yolk-sac.  Usuallv  this 
arter>'  (lis;ip^)ears,  except  in  s<">  far  as  it  is  concemed  in  thtr  formation  of  the  suj^erior  mesenteric 
arterv;  tnil  il  has  l)een  observed  to  jH-rsist,  apin^aring  as  a  branch  of  the  su|)erior  meseiiteiir 
uhich  is  (X)ntinued  foru-ard  in  a  strand  «)f  coimective  tissue  from  the  ileum  to  the  umbiliciis 
where  it  anastomos«'S  uith  the  epigastric  artery  and  sends  a  branch  upuartl  along  uith  th 
round  ligament  of  the  liver. 

3.  The  Inferior  Mesenteric  Artery. — The  inferior  mesenteric  arter)'  ( 
mesentcrica  inferior)  TFij^.  723)  arises  from  the  anterior  surface  of  the  abdomir 
aorta  from  3-4  cm.  alK)vc  the  bifurcation  of  that  vessel  into  the  two  common  ifo 
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It  passes  downwar(l  and  to  the  k*ft,  bcneath  tht*  peritontuin  aml  rtsling  upon  thc 
left  psoas  muscle,  and.  after  liaving  cr<>ssi;d  the  Icft  coinmon  iliac,  it  termina  t«.":«  upon 
the  upper  [lortinn  nf  tht  rcctum  this  terminal  portion  iK-iii^  called  ihe  supcrior  hem- 
orrkoidal  arhn-. 

Branches.— lni  Tht-  lefi  colic  ■neiy  (a.  colin  HlnUira)  'irist^  sliiirllv  t>i.'luw  ihe  oriKin  uf 
the  arterv  nnd  |xiss(»  itpuHrd  and  to  the  li-ft.  It  dividi.-s  iiitu  aii  iLst-i-ndiii);  and  a  di-sct-ntlinK 
branch,  iht  fonner  t>t  which  passtrs  )x.-tu't.-tii  the  t»o  laj-trs  iif  llir  rraTWUTw.-  nitsi)Ci)iiin  to  inos- 
culate  ttith  ihe  nikldle  colic  hraiich  of  the  supcrior  int-seiitiTJc.  \\\\\\v  the  <k-scfndinK  l>rnnch, 
enterinf;  the  siKinuid  ineS(iO)lon.  anastutnuSL'^  »'ith  the  si);nioid  iirlcries.  Fnim  the  nrcht-s  thtis 
funned  branches  pass  lii  the  left  portiunoj  the  transversTCoIiin  an<i  In  llie  ttlmle  u(  thedcscenil- 


left  psiKi-i  miisi'k-  aml.  pas>iiiK  tntuii  11  tlir  t«i>  lavers  01  ilii 
cemlinKand  desiemlirij;  linmdit-s  mIikIi  aiiasluiiiiisi- ivilh  ime 
iind  superii>r  )iem<>rrh<>itl;i1  ^irlt-riis.  fnrinin};  wilh  theni  an'hi'S 
lUKinoitl  coliin. 

I1-)  Thi-  superioi  hemorrhoidal  arteiy  1  a.  hnemiirrhiiidalis 
of  Ihc  in(er= -■ "       '■   ' '    ■ 


»jfthe  pi-lvi<iK>ri 
hrandteN  uhich  1 
tumcHies  with  tlH-  iniilill 
from  the  intcnial  iniilii:. 


.f  tli,'  n 

IIIK-  d.>l 


niU  iiii"  ilii'  |)fKjs  I  vitij;  I  n'i  11 


iiih.' 

iit>rrhi»(lal  froni  iIil- 


•i  th.- 


i.ilher  aml  «ith  tlii-  Uit  colic 
m  uhicii  tiraiicli(-s  |iass  tii  the 

itrior  I  is  tlit'  ti-niiinal  |K>rtioi) 

.-t-11  llii-  t.iUis  ni  the  ntesenten' 


ertuni.  sii|i]>1>  iii);  ihat  \i-icii-^  and  makinK  anas- 
tnlcnial  iHac  anit  uitli  t1ie  inferior  bemoirhnidal 
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Variations. — The  iiifcrior  inesenteric  arter>'  may  l)e  u  anting,  its  place  beiiij^  supplied  bv 
branches  froni  ihe  superior  niesenleric.  ll  occasionally  g^ves  rise  to  the  middle  colic  arter>  ur 
lo  an  accessory  reiial  vessel. 

4.  The  Inferior  Phrenic  Arteries. — The  inferior  phrenic  arteries  (aa. 
phrenicae  inferiores)  (Fig.  718)  most  frequently  arise  from  the  abdominal  aorta,  either 
singly  or  by  a  common  trunk,  immediately  beneath  the  aortic  opening  of  the  dia- 
phragm  and  above  the  ca,*Hac  axis.  They  are  directed  upward  and  laterally  over 
the  crura  of  the  diaphragin,  to  \vhich  they  supply  branches,  and  in  this  portion  of 
their  course  they  also  give  ofT  superior  suprarenal  branches  (rami  suprarenales 
superiores )  to  the  suprarenal  bodies.  Over  the  region  where  the  cnira  pass  into  the 
tliaphragm  proper,  each  inferior  phrenic  divides  into  an  internal  and  an  external 
branch.  The  former  is  the  smaller  of  the  two,  and  passes  inward  towards  the  oeso  -  .<> 
phageal  opening  of  the  diaphragni,  \vhere  it  anastomoses  with  its  fellow  of  the  oppo-  —  <>. 
site  side  to  form  an  arterial  ring  from  which  branches  descend  uf>on  the  oesophagus.  ^  ^, 
supplying  the  lower  portion  of  that  structurc  and  anastomosing  with  the  cesophageal  ^  m^ 
branches  of  the  gastric  artery. 

The  external  branches  are  directed  laterally  upon  the  under  surface  of  the  dia-   —  m- 
phragni,  supplying  it.     They  pass  as  far  for\vard  as  the  costal  and  stemal  origins  of  ^^ni 
the  diaphragm,   anastomosing  with   the  musculo-phrenic,   superior  epigastric,   and  ^L^ 
superior  phrenic  branches  of  the  internal  mammary  arteries,  whilc  other  branches  j^  s^^s 
ramify  over  the  lateral  portions  of  the  diaphragm.  anastomosing  with  the  lower  intcr-  —  ~- 
costals  and  perforating  the  central  tendon  to  anastomose  with  the  pericardial  arterie.H^   -=-:> 
and  \vith  the  diaphragmatic  branches  of  the  thoracic  aorta. 


Variations?— The   inferior  phrenic  arteries  are  very  variable   in   their  origin.      One  frc -- 

quently  takes  its  origin  from  the  cceliac  axis  or  from  one  of  its  bninches,  or  both  may  arise  from^r^  m 
tne  axis.  They  have  also  lx;en  obser\ed  to  arise  from  the  superior  niesenteric  or  the  renal.  or-^»^  r 
from  the  abdominal  aorta  beIow  the  superior  niesenteric.     They  also  var>'  constderably  in  volume ■• 


5.  The  Suprarenal  Arteries. — The  suprarenal  arteries,  sometimes  termed  tht=:^ 
middle  supr arenah  (aa  suprarenales  mediac)  (Fig.  718)  to  distinguish  them  from  th 


suprarenal  branches  of  the  inferior  phrenic  and  renal  arteries,  are  a  pair  of  small 
but  constant  branches  which  arise  from  the  sides  of  the  aMominal  aorta,  almost  opfK)- 
site  the  origin  of  the  superior  niesenteric  artery.     They  pass  outuard  and  slightl)""  -^^ 

upward  over  the  crura  of  the  diaphragm  to  the  suprarenal  bodies,  where  they  anasto •* 

mose  with  the  other  suprarenal  branches. 

6.  The  Renal  Arteries. — The  renal  arteries  (aa.  renales)  (Figs.  718,  1591^^^  ) 
are  two  large  stems  \vhich  arise  from  the  sides  of  the  abdominal  aorta  a  little  beloi*'-^^^' 
the  origin  of  the  superior  niesenteric.  l'siially  the  t\vo  arteries  are  opposite  each^"""^", 
other,  but  frcquently  that  of  the  right  side  arises  a  little  lower  down  than  that  oit  ^"  ^^ 
the  left  side.  They  are  directed  out\var(l  and  slightly  dovvnuard  towards  the  kidncvs.  -.  ^' 
each  arterv,  before  reaching  the  hilum,  dividing  into  from  three  to  five  branches.  -.  -^^^ 
which  enter  the  substance  of  the  kidney  independentlv  at  the  hilum. 

Relations. — In  their  course  towards  the  kidnevs  the  renal  arteries  rest  up)on  iht— — ^  '^' 
lower  portions  of  the  crura  of  the  diaphnigm  and  more  laterally  upon  the  upper  j>art  of^  ^^ 
the  psoas  musck^.     The  right  arterv  is  .somewhat  longer  than  the  left,  owing  to  ihe^— *■** 
position  of  the  alulominal  ac^rta  a  little  to  the  left  of  the  median  line,  and  it  passes  behind  •  — ^ 
the  inferior  vena  ca\a.      Both  vessels  are  almost  concealed  beneath  the  correspondinj» 
renal  veins,  and  at  the  hilum  of  the  kidnev  the  majority  of  the  terminal  branches  pass- 
in  front  of  the  u|)per  portion  of  the  ureter,  onlv  one  or  t\vo  passing  behind  it. 

Branches. — Near  its  temiination  eacli  arterv  j^ives  off  branches  which  paf^s  to  the  adipuM* 
tissue  surroundinjj:  the  kidiiev.  and  a  ureteral  branch  \vhich  supplies  the  upper  part  of  the  urt-ter, 
anastomosinjj  with  the  ureteral  !)ran('li  of  the  spcrmatic  (or  ovarian)  arter>\  More  proximally 
it  jjives  «>rij::in  to  an  inferior  suprarenal  branch  (a  siiprarenaliH  inferior)  which  passes  upUiirtJ  l«» 
the  loutT  |)art  of  the  suprarenal  IhhIv  and  anastomoses  \vith  the  other  branches  which  pr»  l«» 
that  stnicture. 

Variations.— Not  infre<|uently  the  division  of  the  renal  arteries  into  their  terminal  branchts 
takes  plarc  carlv.  sometimes  ininiediately  at  their  oripn.  several  stems  arisin^  directly  from  th«* 
aorta  and  passing  t  lutuard  to  the  kidnev.     Accessor\  renal  branches  may  arise  from  the  ahdomi- 
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nal  aorta  or  froni  tht  middlc  sacral,  ihe  comnion  iliac,  the  intenial  iliac,  or  ihe  inferior  niesen- 
teric.  and  cx:casionally  Ihc  renal  arterj*  proper  inay  bc  lackin}^  and  its  plače  taken  by  a  vessel 
from  one  or  other  of  ihese  origins  These  accessor>'  arterifs  freciuenlly  enter  ihe  substance  of 
the  ki(lney  elsewhere  than  at  the  hilum. 

The  two  renal  arteries  niay  arise  by  a  common  trunk  troni  the  anlerior  surface  of  the  aorta, 
and  they  occasionallv  ^ive  ofF  branches  uhich  are  either  accessory  to  or  replace  vessels  nonnally 
arising  elseuhere.  'rhiis  they  have  been  obser\'ed  to  jfive  rise  to  the  inferior  phrenics,  the  right 
brancn  of  the  hepatic.  the  siK^rmatics.  branches  to  the  pancreiis  and  colon,  and  one  or  more  of 
the  lumbar  artenes. 

"ja,  The  Spermatic  Artenes. — The  spemiatic  artenes  (aa.  spcrmaticae  intcrnae) 
(Figs.  718,  1 59 i)  are  two  slender  vessels  which  arise  from  the  anterior  surface  of  the 
aorta  a  little  below  the  renals.  They  are  directed  d<>wnward,  and  slijj;htly  outward  and 
forward,  towards  the  lower  jjart  of  the  anterior  abdoniinal  wall,  and  as  they  approach 
this  each  vessel  cur\'es  inward  towards  the  median  line  to  reach  the  intemal  abdominal 
ring.  Here  it  comes  into  relation  with  the  vas  deferens  and  becomes  enclosed  with 
it  in  the  spermatic  cord.  Embedded  in  this  structure,  it  traverses  the  inguinal  canal 
and  passes  into  the  scrotum,  temiinating  just  above  the  testis  by  dividing  into 
branches  which  pass  to  that  organ  and  to  the  epididymis. 

Relations. — In  its  course  through  the  abdomen  the  left  spennatic  artery  lies 
behind  the  peritoneum  and  rests  upon  the  psoas  muscle.  About  the  middle  of  this 
portion  of  its  course  it  crosses  obliquely  in  front  c>f  the  iireter,  and  lower  down  has 
resting  upon  it  the  sigmoid  colon.  The  right  artery  at  hrst  lies  in  the  root  of  the 
mesentery  ;  it  descends  obliquely  upon  the  anterior  surface  of  the  inferior  vena  cava 
and  then,  crossing  the  ureter  obliquely,  comes  to  lie  behind  the  terminal  portion  of 
the  ileum  and  frequently  behind  the  vermiform  appendix. 

In  the  pelvic  and  inguinal  portions  of  their  course  the  relations  ^)f  l)oth  arteries 
are  the  same.  The  vessels  rest  upon  the  psoas  muscle  to  the  outer  side  of  the  ex- 
temal  iliac  artery,  and  cross  the  lower  part  of  that  vessel  and  the  accompanving  vein 
to  reach  the  internal  abdominal  ring.  In  their  course  down  the  spermatic  cord  the 
arteries  lie  behind  the  anterior  group  of  the  s[)ermatic  veins  and  in  front  of  the  vas 
deferens. 

Branches. — In  addition  to  the  terminal  i a )  testicular  and  \b)  epididymal  branches,  each 
spennatic  arter>'  jj^ives  ofF — 

(c)  An  ureteral  branch  uhich  is distribiited  to  the  middle  iX)rtion  of  that  diict,  anastomosinj? 
with  the  ureteral  branch  of  the  renal  arter>'  alK)ve  and  \\ith  branches  from  the  inferior  vesical 
arter>'  below. 

(d)  Cremasteric  branches  are  ji^iven  off  in  the  course  throiij^h  the  spermatic  cord  and  sup- 
ply  the  creniiLster  nniscle.  anitstonKisin^  \vith  the  cremasteric  branch  of  the  deep  epi^^stric 
arter>'. 

Variations. — The  s|)ermatic  arteries  occasionalK*  anse  by  a  common  trunk,  or,  on  the 
other  hand,  thev  may  arise  at  different  levels.  They  have  l)een  observed  to  arise  from  the 
renals»  especially  the  left  one,  from  the  suprarenals,  or  from  the  superior  mesenteric  arter\'. 

^b.  The  Ovarian  Arteries. — The  ovarian  arteries  ( aa.  ovaricae)  (Fig.  726) 
correspond  in  the  feinale  to  the  spermatic  arteries  of  the  male,  and  have  a  similar 
origin  and  similar  relations  in  the  abdominal  portion  of  their  course.  Arrived  at 
the  pehis,  houever.  thev  cross  the  common  iliac  arteries  and  veins  and,  traversing 
the  suspensorv  ligament  of  the  ovarv.  pass  in\var(l  bi»tween  the  folds  of  the  broad 
ligament  of  the  uterus,  termniating  lxMieath  the  ovar>-  by  inosculating  \vith  the  uterine 
arterv. 

Branches.— Like  the  s|x-nnatic  arteries.  the  ovarian  }(ive  ofT  \ a\  ureteral  branches.  In  ad- 
dition, thev  ji^ive  rise  to  (b)  tubal  branches,  \vhich  pass  to  the  distal  p*irtions  of  the  Fallopian 
tubes ;  (c)  ligamentous  branches,  uhich  accompanv  and  siipplv  the  roiind  ligament  of  the 
uterus  ;  and  ( c/  )  ovarian  branches,  \vhich  enter  the  hilum  of  the  ovarv  and  are  distributed  to  its 
substance. 

8.  The  Lumbar  Artenes. — The  lumbar  arteries  f  aa.  lumbales")  (  Fig.  7  iS)  are 
arranged  in  fonr  |)airs.  and  take  origin  from  the  sides  of  the  abdominal  aorta,  opposite 
the  four  upper  hinihar  \ t-rtebra*.  Thev  are  directed  outuard  upon  the  !:K)dies  of  the 
vertebne.  the  him!>ar  portion  of  the  svmpathetic  cord  descending  in  front  of  them,  and 
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those  of  the  right  side  also  pass  beneath  the  inferior  vena  cava,  while  the  tuo  upper 
ones  of  the  same  side  pass  beneath  the  reccptaculuni  chyH.  They  then  pass  beneath 
the  psoas  muscle  and  the  branches  of  the  lumbar  plexus,  the  two  upper  ones  also 
passing  beneath  the  crura  of  the  diaphragm  ;  and  then,  farther  out,  they  pass  beneath 
the  quadratus  lumborum,  except  in  the  čase  of  the  last  pair,  which  lies  upon  the  ante- 
rior  surface  of  that  muscle.  At  the  outer  border  of  the  quadratus  they  pass  betueen 
the  transversalis  and  the  internal  oblique  muscles  of  the  abdomen,  and  are  continued 
onward  in  the  abdominal  \vall,  eventuallv  piercing  the  internal  <^blique  and  reaching 
the  rectus  muscle. 

Branches. — The  lunibar  arleries  are  to  be  regarded  as  continuations  of  the  series  of  inter- 
costal  vessels,  and,  like  the  thoracic  members  of  the  series,  each  }i:ives  off  a  dorsal  brancb  (ramiis 
dorsalis).  This  arises  \vhen  the  vessel  lies  behind  the  psojLs  niu.scle  and  is  directed  posteriorly, 
soon  dividin^  into  (a)  a  spinal  branch  (ramus  spinalis),  uhich  enters  the  spinal  canal  through 
the  intervertel)ral  ft)ramen  and  anastomoses  with  the  anterior  and  jKisterior  spinal  arteries ;  and 
(^)  a  muscular  branch,  \vhich  is  distributed  to  the  muscles  and  skin  of  the  t)ack.  In  addition. 
each  lumbar  arterv  jcives  oflf  niimerous  branches  to  the  nuiscies  with  which  it  comes  into  relation. 

Variations. — One  or  more  of  the  himl)ar  arteries  mav  l)e  uantinjj  and  two  or  more  of  them 
niav  arise  by  a  common  steni 

9.  The  Middle  Sacral  Artery. — The  middle  sacral  artery  (a.  sacralis  media) 
(Fig.  718),  wliich  is  to  be  regarded  as  the  continuation  of  the  abdominal  aorta,  is 
a  small  vc^ssel  arising  from  the  posterior  surface  of  the  aorta  immediately  above  its 
bifurcation  into  the  two  common  iliacs.  It  passes  downward  in  the  median  line  over 
the  last  two  lumbar,  the  sacral  and  the  c<)ccygeal  \ertebne.  and  terminates  opposite 
the  tip  of  the  coccyx  by  sending  branches  to  the  coccygeal  bodyor  Luschka*s  gland 
( Klomus  co€cygcum). 

Branches. — It  sometinies  jjives  rise  to  a  tifth  pair  of  lumbar  arteries  (aa.  lambales  ioiae),  and 
louer  down  it  sends  ofT  sniall  lateral  branches  \vhich  seiid  branches  invvard  to  the  spinal  canal 
throujj:li  the  anterior  sacral  foranuna  and  anastomose  uitli  the  lateral  sacral  branches  of  the 
internal  iliac  arter>',  These  lateral  branches  appear  to  represent  a  continuation  of  the  inter- 
costal  and  lumbar  series  of  arteries,  the  branches  uhich  enter  the  anterior  sacral  foramina  cor- 
resiMindinji:  to  the  dorsal  branches  of  those  vessels 

Variations. — The  middle  sacral  occiLsionallv  arises  from  one  or  other  of  the  common  iliac 
arteries,  and  it  may  ^ive  orig^in  to  an  accessor>'  reiial  arter>'. 

Practical  Considerations. — Some  of  the  branches  of  the  abdominai  aorta, 
including  the  splenic,  hepatic,  renal,  superior  and  inferior  mesenteric,  and  the  ovarian, 
have  been  the  subject  of  aneurism. 

These  aneurisms  do  not  usually  attain  any  great  bulk,  seldom  exceeding  the 
sizeof  a  hen's  ^^.  They  are  apt  to  be  round  or  oval  in  shape.  Occasionally — espe- 
cially  in  the  aneurisms  of  the  renal  artery — they  may  almost  fill  the  abdominal 
cavity.  Except  when  connected  with  the  hepatic.  the  renal,  or  the  coeliac  axis,  thev 
are  movable.  changing  their  position  in  the  various  movements  of  the  body.  Thev 
may  possess  also  the  characteristics  of  pulsation  and  bruit.  When  the  cceliac 
artery  is  afifected  the  disease  cannot  be  distinguished  from  aneurism  of  the  parent 
trunk. 

In  cases  of  implication  of  the  hepatic  artery.  the  pressure-efifects  of  the  tumor 
give  rise  to  pain  in  the  right  side  and  to  jaundice  from  ol>struction  of  the  hepatic. 
c\'Stic,  and  common  bile-ducts  (Agnew). 

The  renal  arterv  has  been  foimd  to  be  aneurismal  in  a  small  number  of  instances, 
the  majoritv  being  of  traimiatic  origin.  The  chief  symptoms  have  been:  {a)  tumor. 
varving  in  size,  situated  in  the  region  of  the  kidney,  immovable  with  respiration  or 
with  change  of  postu re,  and  almost  always  w  ithout  impulse  or  bruit,  on  account  prob- 
ably  of  the  usual  disproportion,  in  renal  aneurisms,  between  the  large  aneurismal 
cavity  and  the  size  of  the  vessel  involved  ;  i  d)  hutmaturia  often  but  not  in\'ariably 
present  ;  (c)  pain  elicited  by  pressure,  or  felt  in  the  loin  or  extending  to  the  genitalia, 
and  sometinies  accomi>anied  by  retraction  of  the  testis. 
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These  abdominal  aneurisms  are  not  uncommonly  unsuspected  until  they  have 
reached  a  late  stage,  and  may  even  rupture  and  cause  death  from  hemorrhage  with- 
out  having  caused  more  than  trifling  inconvenience.  In  a  niimber  of  cases  the  pain 
— especially  apt  to  be  felt  in  the  back — has  been  the  only  syniptom  complained  of. 
If  a  pulsating  tumor,  or  one  with  a  bruit,  can  be  felt,  it  would  be  proper  to  approach 
the  region  by  an  intraperitoneal  or — in  the  čase  of  the  renals — possibly  an  extra- 
peritoneal  incision,  and  ligate  the  artery  on  the  cardiac  and  distal  sides  of  the  sac. 

THE   COMMON   ILIAC   ARTERIES. 

The  common  iliac  arteries  (aa.  iliacae  communes)  ( Figs.  724,  726)  are  usually 
regarded  as  the  terminal  branches  of  the  abdominal  aorta,  although  in  reality  the 
middle  sacral  artery  forms  the  morphological  continuation  of  that  vessel,  the  common 
iliacs  being  lateral  segmental  branches  comparable  to  a  pair  of  liimbar  or  intercostal 
arteries.  They  arise  opposite  the  body  of  the  fourth  lumbar  vertebra  and  |>ass 
obliquely  outward,  downward,  and  for\vard  to  about  the  level  of  the  sacro-iliac  articu- 
lation,  where  they  terminate  by  dividing  into  the  internal  and  external  iliac  arteries. 

The  two  common  iliacs  diverge  from  each  other  a  t  an  angle  of  from  6o°-65°  in 
the  male  and  somewhat  more  (68^-75°  )  in  the  female.  On  account  of  the  position  of 
the  abdominal  aorta  being  slightlv  to  the  left  of  the  median  line,  the  right  artery  is 
slightly  longer  than  the  left,  and  is  inclined  to  the  median  line  at  a  slightly  greater  angle. 

Relations. — ^The  common  iliac  arteries  are  covered  by  peritoneum,  which  sepa- 
rates  them  on  the  right  from  the  terminal  portion  of  the  ileum  and  on  the  left  from 
the  sigmoid  colon.  Anteriorly,  each  artery  is  crossed  by  the  ureter,  and  in  the  female 
by  the  ovarian  arterv  and  vein,  and  by  the  branches  of  the  svmpathetic  cord  which 
pass  do\vnward  to  the  hvpogastric  plexus.  The  left  common  iliac  is,  in  addition, 
crossed  by  the  superior  hemorrhoidal  branch  of  the  inferior  mesenteric  artery. 
Behind,  the  vc^sel  of  the  left  side  rests  iipon  the  bodies  of  the  fourth  and  fifth 
lumbar  vertebrre,  that  of  the  right  side  being  separated  from  them  by  the  right 
common  iliac  vein  and  by  the  upper  end  of  the  corresponding  vein  of  the  left  side. 
Lower  both  vessels  rest  upon  the  psoas  muscle.  Latcrallv,  thev  are  also  in  relation 
with  the  psoas  and  with  the  spermatic  arterv  in  the  male  and,  in  the  čase  of  the 
vessel  of  the  right  side,  with  the  upper  part  of  the  right  common  iliac  vein. 
Mediaiiv,  are  the  common  iliac  veins  and  the  hvpogastric  plexus. 

Branches. — The  common  iliac  arterit*s  terminate  by  dividing  into  the  external 
and  ifitemal  iliac  arteries.  In  addition,  they  give  rise  only  to  small  vessels  which 
pass  to  the  subjacent  psoas  muscles  and  to  the  neighboring  peritoneum  and  lymph- 
nodes  and  the  ureters. 

Variations. — A  certain  aniount  of  varialion  occiirs  in  the  len^th  of  the  coninioii  iliac  arte- 
ries, dependinj^  larjjelv  iijx)n  the  level  al  \vhich  the  hifiircalion  otlhe  alxloniinal  aorta  occurs. 
One  or  other  vessel  niav  jj^ve  rise  to  the  middle  sacral  arter>-  or  to  an  accessor>-  renal  arter>*. 

Practical  Considerations. — The  common  iliac  arterv  is  ver\'  rarely  the  sub- 
ject  of  aneurism.  Direct  compression  of  the  arter\'  may  be  made  by  either  of  the 
plans  described  as  applicable  to  the  abdominal  aorta,  and  should  be  applied  about 
one  inch  belo\v  and  a  half  inch  to  the  right  or  left  of  the  umbilicus.  \Vhile  it  is 
easier  to  get  rid  of  the  in  testi  nes,  as  the  vessel  is  placed  more  laterally,  it  is  not 
always  easy  to  avoid  compression  of  the  aorta  itself. 

Li^aiiofi  of  the  common  iliac  may  be  required  for  aneurism  lo\ver  down,  espe- 
cially  of  the  upper  part  of  the  external  iliac,  or  for  wound,  or  as  a  preliminary  to  or 
part  of  the  procedure  in  the  rrmoval  of  pelvic  growths. 

It  may  be  eflectcd  l)y  either  :  Ci)  The  transperitoneal  method,  or  ^2)  the  extra- 
peritoneal  method.  i.  A  median  incision  from  umbilicus  to  svmphvsis,  opening  the 
peritoneal  cavitv,  the  intestines  lx*ing  kept  in  the  upper  segment  of  the  abdomen  by 
pads  or  by  placing  the  patient  in  the  Trendelenhurg  position,  will  give  easy  access 
to  the  vessel.  On  each  side  it  lies  directly  beneath  the  peritoneum,  but  there  are 
anatomical  (liffcrencrs  to  \vhich  Makins  has  called  attention.  On  the  right  side 
the  vessel  is  uncovered  hv  anv  structure  of  importance,  and  mav  1k*  reached  by 
dividing  the    perit(.neum  directK'  over  it  verticallv.     On  this  side  the  vena  cava 
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■itetiei.    The  portions  oi  tlie  arlerics  which  reniain  palenl  iiirni  the  nia 
iliaci,  the  h)-pogčtstric  A\ei  and  thc  superior  vesical  .-irterit-s  ;  what  are 
sttftns  of  Ihe  anterior  divisioas  of  the  intemal  iliacs  are  reiilly  Ihe 
the  sciatic  and  interna)  pudic  arteries  arjse  frum  the  hjpoRasti ' 


tninks  by  which 


iliac  branches.  Lcaving  out  of  cunsidei 
tvpe  is  that  in  which  luo  lar};e  t^u^k^ 
tne  gluteal  and  the 


for  ihe  prtseiit  Ihe  smaller  branches,  the  firat 

(roni  the  h\i>OB*siric,  the  posterior  one  beinK 

trunk  uhich  divides  intu  the  pudic  and  sciatic.     The  adult 


o  divisi 

The  aecond  iype  is  ihat  in  ivliiih  liu-  ihrit-  lar^e  vessels  arise  iiKJejtendentlv  froiii  the  hvix>- 
KHStnc,  Ihe  n-siiUinj;  adiilt  nmdilliin  cliMclv  resenihlinK  that  [mnUia-d  (n)ni  tlie  iirsl  tvi>e.  ex'cept 
that  Ihe  hy|)nKastrii-  iixis  si-enis  lo  iirise  iuim  the  intemal  |Hidic.  Ihe  s(.-|>iiratit>n  iif  the  nnterii>r 
divLsion  into  its  i\vi)  iiTininal  liraiiches  <)ccurrinjr  high  up. 

The  ihird  type  is  that  in  which  the  nluleal  and  sciatic  arterii-s  ariM,-  liv  a  cuninion  tniiik 
fnim  the  h\iH.castrii-,  llie  i.iidii-  remaininj;  .listin<t.  In  the  aduh.  in  surh  cases.  tiie  antericr 
div-tsiiin  Kives  ri-ie  li.  Ihe  hv|)..j;;Lsiric  axis  and  liie  internai  pudic.  ihe  scialic  arisinj;  irom  the 


.r  di\is 


Fourth  type, 
aiul  a  |>iisteriiir  di\isii 


.hidii~ 
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with  the  other  spinal  arteries.  The  inferior  arter>'  passes  at  first  inward  and  then 
downward  upon  the  surface  of  the  sacrum,  paraliel  to  the  middle  sacral  artery,  with 
which  it  anastomoses  at  the  tip  of  the  coccyx  and  also,  by  delicate  transverse  branches, 
opposite  each  sacral  vertebra.  Opposite  each  anterior  sacral  foramen  that  it  passes  j 
— f.^.,  opposite  the  second,  third,  and  fourth — it  gives  of!  a  branch  (ramus  spinalis)  ' 
which  enters  the  foramen  and  behaves  like  the  spinal  branch  of  the  superior  artery. 
In  its  downward  course  the  inferior  lateral  sacral  lies  to  the  outer  side  of  the  sacral 
portion  of  the  sympathetic  cord  and  crosses  the  slips  of  origin  of  the  pyriformis 
muscle. 

Variations. — \'er\'  freguently  the  two  lateral  sacral  arteries  arise  by  a  comnion  steni,  and 
<Mx:asional1y  the  brancn  which  enters  the  second  anterior  sacral  foramen  arLst^s  independently. 
In  ali  probabilitv  the  lonj^itudinal  stem  of  the  inferior  arterv  is  to  Ik*  rejjarded  as  having  been 
formed  by  the  direct  anastomosis  of  ascending  and  descending  tuies  froni  the  lateral  branches 
of  the  middle  sacral,  each  of  which  is  serially  nomologous  with  the  luinbar  and  intercostal  arte- 
ries. The  process  Ls  similar  to  uhat  has  occurred  in  the  fomiation  of  the  vertebral  artery 
(paj«:e72i). 

3.  The  Gluteal  Artcry. — The  gluteal  artery  (a.  glutaea  superior)  (Fig.  727)  is 
the  continuation  of  the  posterior  division  of  the  internal  iliac.  It  is  the  largest  of  ali 
the  branches  of  that  vessel,  and  passc^s  l)ackward  between  the  lumbo-sacral  cord  and 
the  first  sacral  ner\-e  to  the  upper  border  of  the  great  sacro-sciatic  foramen.  It  passes 
through  the  foramen,  in  company  with  the  superior  gluteal  ner\'e,  above  the  pyriformis 
muscle,  and  soon  after  making  its  exit  from  the  jjelvis  divides  into  a  superficial  and  a 
deep  branch. 

Branches. — (a)  The  superficial  branch  (ramus  superior)  s(X)n  divides  into  a  nuniber  of 
branches  which  enter  the  upj>er  [X)rtion  of  the  gluteiis  niaxinius,  some  siipplving  that  muscle, 
while  others  traverse  it  to  supply  the  skin  over  the  upi>er  part  of  the  gluteal  region.  One 
branch,  l.irger  than  the  others,  passes  outuard  along  the  upjK-r  border  of  the  origin  of  the 
gluteus  medius  almost  to  the  anterior  su|x;rior  spine  of  the  ilium,  anastomosing  with  branches  of 
the  extemal  circumflex  iliac  artery. 

(d)  The  deep  branch  (ramus  inferior)  soon  divides  into  two  branches.  (aa)  The  superior 
branch  passes  outuard  along  the  upper  border  of  the  gluteus  minimus  almost  to  the  anterior 
inferior  spine  of  the  ilium,  \vhere,  under  cover  of  the  tensor  vaginie  femoris,  it  anastomoses 
with  the  descending  branch  of  the  eNtemjil  circumflex  iliac  ;  it  sends  branches  to  l>olh  the  glu- 
teus medius  and  minimus.  (bb)  T\\^  inferior  branch  passes  outuard  and  dounuard,  over  the 
surface  of  the  gluteus  medius,  touards  the  greater  trochanter  of  the  femur,  and  gives  branches 
to  both  the  gluteus  medius  and  minimas  and  to  the  hip-joint. 

4.  The  Superior  Vcsical  Artcry. — The  superior  vesical  artery  (a.  umbilicalis) 
(Fig.  724)  represents  the  original  main  stem  of  the  fcetal  hyjx)gastric  artery,  and 
consequently  takes  its  origin  from  the  hypogastric  a-\is  and  is  continuous  anteriorly 
with  the  fibrous  cord  which  represents  the  obliterated  hypogastric  artery  (Fig.  728). 
It  passes  foruMrd,  lx?neath  the  peritoneum,  towards  the  urinar>'  bladder,  and  as  it 
approaches  that  structure  gives  ofi  branches  to  it  (aa.  vesicales  superiores)  which  ramify 
over  its  surface  and  sides  and  supplv  its  upper  and  middle  portions.  Thev  anasto- 
mose  below  with  branches  of  the  prostatic  and  inferior  vesical  arteries. 

Variations. — Not  infrequently  an  .iccesson**  branch  arising  from  the  superior  vesical  is  dis- 
tributed  to  the  micklle  and  louer  portions  of  the  bladder,  forming  uhat  has  been  tenned  the 
middle  vesical  artery  (Fig.  724) . 

'  5.  The  Inferior  Vesical  Artcry. — ^The  inferior  vesical  arterv  (a.  vesicalis 
inferior)  (Fig.  724)  may  arise  from  the  hypogastric  a-\is,  from  the  anterior  division  of 
the  internal  iliac  belou-  the  axis,  from  the  middle  hemorrhoidal,  or  quite  frequently 
from  the  prostatic.  It  descends  touards  the  lower  portion  of  the  bladder,  supplying 
the  base  and  neck  of  that  structure,  and  also  sending  bninches  to  the  prostate  gland 
and  the  seminal  vesides  in  the  male.  It  anastomoses  with  brancht^  of  the  prostatic 
and  superior  vesical  arterit^. 

Variations.-- The  inferior  vesical  is  usuall\ 'a  rather  slender  branch,  and  may  lx!  replaced 
by  vesical  branches  from  the  prostatic  or  by  branches  of  the  su[K*rior  vesical. 


y{.. 


THE   INTERNAL   ILIAC   ARTERV.  813 

along  the  base  of  the  broad  ligament  towards  the  neck  of  the  uterus.  J  ust  !xffore 
reaching  the  uterus,  usually  about  2  cm.  ( ^  in.  )  from  it,  the  artery  crosses  in  front 
of  the  ureter  and  then  bends  upward  between  the  two  lavers  of  the  broad  ligament 
along  the  side  of  the  uterus.  Arrived  at  the  junction  of  the  Fallopian  tube  with  the 
uterus,  it  bends  out\vard  along  the  lower  border  of  the  tul)e,  and  then,  passing 
bencath  the  hiluni  of  the  ovary,  terminates  by  inosculating  \vith  the  ovarian  arterj'. 
In  its  course  between  the  layers  of  the  broad  ligament  the  artery  is  accompanied 
by  the  large  uterine  veins,  which  almost  conceal  it,  and  both  artery  and  veins  are 
enclosed  in  a  rather  dense  sheath  of  areolar  tissue.  During  pregnancy  the  arter\' 
becomes  much  enlarged,  and  its  course,  as  vvell  as  that  of  its  branches,  l:)ecomes 
exceedingly  sinuous  and  even  spiral. 

Branches. — {a)  As  the  uterine  arter>*  crosses  the  renal  duct,  a  ureteral  branch  is  supplied 
to  the  ureter.     On  reaching  the  sides  of  the  uterus,  it  gives  ofF— 

(d)  One  or  several  cenrical  branches.  These  pass  to  the  cer\'ix  and  divide  into  numerous 
branches  which  supplv  that  portion  of  the  uterus  and  the  upper  part  of  the  vagina.  They  are 
relatively  long  and  tortuous,  and  anastomose  below  with  the  branches  of  the  vaginal  arteries. 
Throughout  the  rest  of  its  course  along  the  sides  of  the  uterus  it  gives  ofF  numerous — 

(r)  Uterine  branches,  which,  although  tortuous,  vet  diflfer  from  the  cer\ical  branches  in 
being  rather  short.  They  pass  to  both  the  anterior  and  ix)sterior  surtaces  of  the  uterus  and 
supplv  its  body  and  fundus,  and  it  is  to  be  remarked  that  ix)th  these  branclies  and  the  cer\'ical 
ones  diminlsh  rapidly  in  calibre  as  they  branch  upon  the  surtace  of  the  utenis,  so  that  at  the 
middle  line  of  the  organ  on!y  exceedingly  minute  t\\i^  are  to  l)e  found. 

From  the  p)ortion  of  the  artery  that  nms  outuard  along  the  lovver  lK)r(ler  of  the  Fallopian 
tube — 

(d)  Tubal  branches  (rami  tubarii)  are  given  off.  One  of  these,  much  stronger  than  the 
others,  arises  just  l)efore  the  uterine  inosculates  with  the  ovarian  arter>-.  and  i)asses  outward 
along  the  tulx*  to  its  fimbriated  extremity,  sending  branches  to  it  tlirougli  its  entire  course. 

(r)  Ovarian  branches  (rami  ovarii )  to  the  ovar>' are  tinallv  given  ofF  from  the  uterine 
arter>'  in  the  vicinitv  of  its  anastomosis  with  the  ovarian. 

8.  The  Middle  Hcmorrhoidal  Artery. — The  middle  hemorrhoidal  artery 
(a.  haemorrhoidalis  media)  (Fig.  726)  is  somewhat  variahle  lx)th  in  its  origin  and  in 
its  size.  It  arises  either  from  the  anterior  division  of  the  internal  iliac,  below  the 
hypogastric  arterv,  or,  as  frequently  happens,  from  the  inferior  vesical  or  occasionally 
from  the  internal  pudic.  It  passes  along  the  lateral  surface  of  the  middle  portion  of 
the  rectum,  giving  of!  bninches  \vhich,  in  addition  to  aiding  in  supplying  the  vagina 
and  communicating  with  the  vaginal  arteries,  anastomose  alx)ve  \vith  the  superior 
hemorrhoid.1l  from  the  inferior  mesenteric  and  belo\v  \vith  the  inferior  hcmorrhoidal 
from  the  internal  pudic. 

9.  The  Obturator  Artcry. — The  obturator  arterv  (a.  obturatoria)  (Fig.  724) 
arises  from  the  anterior  division  of  the  internal  iliac,  l)elo\v  the  hvpogastric  axis.  It 
passes  for\vard  along  the  lateral  \vall  of  the  peKis,  resting  upt)n  the  pelvic  fascia 
\vhich  covers  the  upi)er  portion  of  the  internal  obturator  muscle,  and  having  the 
obturator  nerve  immediatelv  above  it  and  the  vein  lx4<)w.  Just  before  reaching  the 
anterior  \vall  of  the  pelvis  it  is  crossed  by  the  vas  deferens  in  the  male,  as  it  paases 
down\vard  from  the  internal  abdominal  ring,  and  then  it  pierces  the  pelvic  fascia  and 
makes  its  exit  from  the  pelvic  cavitv  through  the  obturator  canal,  on  emerging  from 
which  it  divides  into  t\v<)  terminal  branches,  an  internal  and  an  e.xternal. 

Branches. —  Ulfhin  the  pelvis  the  obturator  arter>-  gives  ofT  several  sniall  l^ranches.  of 
which  the  more  iinportaiU  are — 

Ka)  An  ihac  branch,  \vhich  is  given  off  near  the  origin  of  the  obturator  and  pcisses  up  to 
the  iliac  fossa,  supplving  the  ilio-psoas  nuisrle,  giving  nutrient  branches  to  the  iliiiin  andanasto- 
mosing  with  the  iliac  branch  of  the  ih'o-hnnbar  arterv. 

{b\  Muscular  branches,  vvhich  are  di^tributed  to  the  obturator  interniisand  thelevator  ani. 

(ri  Vesical  branches,  uhich  pass  to  the  bladder  lH*neath  the  false  lateral  ligament  and 
anastomose  vvith  l)ran(  hes  from  the  su|>erior  vesical  ;  and 

(c/i  .\  pubic  branch  ( ramiis  piil>icu»  Vvhich  arises  just  before  the  arterv  enters  the  obtu- 
r.itor  canal  and  ascends  iipon  the  ix)sterior  surfa(V  of  the  os  pubis  to  anastomose  alK)ve  \vith  the 
pubic  branch  r^f  the  fleej)  epigastric  arterv. 

(hiisidf  the  prhi  s  the  obturator  arter>  divides  into  an  extemal  and  an  internal  branch. 
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{e)  The  extemal  branch  passes  around  the  extemal  l>order  of  the  oblurator  forainen, 
beneath  the  external  oblurator  niuscle,  ;uid  terniinales  by  aiiastomosing  with  the  intenial  branch 
and  with  the  internal  circumflex  from  the  deep  fenioral.     Near  its  origin  it  jjives  off — 

{aa)  An  iptiernai bratich,  which  passes  downward  on  the  posterior  surface  of  the  oblurator 
membrane,  under  cover  of  the  internal  oblurator  muscle,  to  the  tuberosily  of  the  ischium.  and 
it  aiso  j^ves  rise  to — 

{bb)  An  acetabular  branch  (ramua  acetabuli),  uhich  passes  through  the  cotyloid  notch  and 
supplies  the  fatty  tissue  occupying  the  botlom  of  the  acetabulum. 

{f)  The  internal  branch  nins  around  the  inner  border  of  the  oblurator  foramen.  l>eneath 
the  extemal  oblurator  muscle,  and  terminales  by  anastomosing:  wilh  the  exlemal  branch. 

Variations. — The  oblurator  anery  varies  j^eatly  in  its  orijfin,  and  these  variations  niav  l»e 
divided  inlo  two  j^roups,  according  as  the  orij^in  is  from  the  internal  or  the  external  iliac  sj-stem 
of  arleries.  \Vhile  the  orijjin  of  the  vessel  from  the  anlerior  division  of  the  internal  iliac  is  the 
most  frequenl,  yet,  when  compared  with  aH  the  variations  laken  tojjelher,  it  occurs  in  sonie- 
\vhat  less  than  50  i)er  cent.  of  ciises.  Of  olher  orij^ns  from  the  syslem  of  the  internal  iliac  there 
mav  Ih.*  mentioned  ihose  from  the  main  steni  of  the  iliac  before  its  division,  from  its  nosterior 
division,  and  frt)m  the  jj^luteal  arter>'.  Purthermore,  its  orijjin  may  (K'cur  from  either  ine  sciatic 
or  the  internal  pudic  artery,  althou}<h  such  cases  are  rare. 

More  frequent  and  of  greater  importance  from  the  praclical  stand-point  is  the  origin 
from  the  exlemal  iliac  svslem,  uhich  (x:curs  in  al)out  30  per  cent.  of  cases.  In  the  immensc 
majorily  of  such  cases— in  al  most  t\venty-nine  out  of  every  thirty — the  origin  is  from  the  deep 
epigastric  arterj',  being  in  the  remaining  cases  from  the  extemal  iliac  distal  to  the  deep  epij^as- 
trie  or  from  the  up|KT  part  of  the  common  femoral  artery.  Undoubtedly  the  primar>-  relations 
of  the  oblurator  arler>-  are  wilh  the  internal  iliac  svslem  of  vessels,  and  the  origin  from  the  ex- 
lemal  iliac  syslem  is  to  be  regarde<l  as  dne  to  ihesecondarv  enlargemenl  of  an  ana.stomosis  nor- 
mally  presenl  and  the  diminulion  or  inhibiiion  of  the  original  stem  of  the  oblunilor.  Possibilities 
for  such  a  process  are  furnished  by  ihe  normal  anastomosis  betueen  the  pubic  branches  of  the 
oblurator  and  the  exlemal  cirrumflex,  and  ali  gradalions  may  be  found  between  the  normal  ar- 
rangement  and  the  complete  replacemenl  of  the  original  inlraj>elvic  portion  of  the  oblurator  by 
the  pubic  anastomosis. 

The  origin  of  the  oblurator  from  the  deep  epigaslric  arterv  ^  Mg.  728)  becomes  of  importanct* 
from  the  facl  that,  in  order  to  reach  its  |>oinl  of  exil  from  the  pelvis,  the  oblurator  canal,  the 
vessel  must  come  inlo  intimale  relations  \vith  ihe  cmral  ring,  and  mav  thus  add  an  important 
complication  to  the  operalion  for  ihe  relief  of  femoral  hernia  (P^gc  1775).  There  are  three  possi- 
ble  courses  for  the  vessel  in  relalion  to  the  ring  :  ( i)  it  may  pa.ss  inward  from  its  origin  over  the 
upper  lx)rder  of  the  ring  and  ihen  curve  dounuard  and  inuard  along  the  free  boraer  of  Gim> 
bemat's  li^«iment  to  reach  the  oblurator  canal ;  (2)  it  may  beiid  downward  abruptlyat  its  origin 
and  p.^ss  in  an  almosl  direct  course  to  the  oblurator  canal,  passing  over  the  mner  surface  of 
the  extenial  iliac  vein,  and  iherefore  down  the  ouler  lK>rder  of  the  crural  ring ;  or  (3)  it  mav 
pass  directly  across  the  ring.  As  regards  Ihe  relalive  frequency  of  each  of  these  courses  it  Is 
interesting  to  note  that,  according  to  obser\alions  made  by  ]a.sischinski,  the  course  along  the 
ouler  lx)rder  of  the  ring  is  much  the  most  frequenl,  occurring  in  60  per  cent.  of  ca.ses,  and  being 
more  frequent  in  females  Ihan  in  males.  The  course  across  the  ring  occurs  in  about  22.5  f)er 
cent.  of  cases,  and  is  again  more  frecjuenl  in  females  Ihan  in  males  ;  while  the  course  along  the 
free  edge  of  Gimlxfmal*s  ligamenl  occurs  in  only  17,5  per  cent.  of  ca.ses,  and  is  more  common 
in  males  Ihan  in  females.  'fhe  difTerences  in  the  l\vo  sexes  are  a.ssociated  with  the  diflFerences  in 
the  form  of  the  |)elvis  and  of  Ihe  oblurator  foramen. 

Practical  Considerations. — The  j^lutcal  and  sciatic  arteries  have  not  uncom- 
monlv  beeii  afFccteil  hy  aiieurisin  \vhich  has  shoun  ilself  as  a  pulsatinjj  compressible 
tumor  in  the  j^lulcal  rej^ion,  oflcn  wilh  a  bruil,  and  usuallv  causingf  pain  over  the 
natcs,  extendinj.;;  doun  the  posterior  aspecl  of  the  thif»;h — from  pressure  on  the  sciatic 
ner\'e — and  causinj^  lameness. 

The  jifliitcal  aneurisni  is  situated  someuhat  farlher  back  in  the  buttock  than  the 
sciatic,  which  is  apt  to  be  farlher  f()r\vard  and  do\vn\vard,  near  the  j^luteo-femoral 
crease  (AgTicw). 

Eilher  of  these  vessels  or  the  internal  pudic  mav  rcquire  liji^ature  on  accoiint  of 
stab-w(ninds.  Serious  heniorrhaj^e  from  a  \vound  in  the  upper  part  of  the  i^^luteus 
maximiis.  /.r. ,  a  lillle  belovv  a  line  from  the  posterior  superior  iliac  spine  to  the  top 
of  the  j^reat  trochanter,  is  likelv  to  proceed  from  the  j^^luteal  arter\'.  Lower,  nearer 
to  the  fohi  of  ihe  buttock,  it  mav  come  from  the  sciatic.  The  gluteal  niay  be  tied 
through  an  incision  made  alonj^  the  line  just  mentioned,  from  the  posterior  superior 
spine  to  the  trochanter.  With  the  ihi^h  in  in\vard  roUition,  the  junction  of  the  middle 
wilh  the  upper  ihird  of  that  line  indicales  al)out  the  point  where  the  gluteal  artery 
comes  out  throujrh  the  sciatic  nolch.  The  fibres  of  the  g^luteus  maximus  are  sepa- 
rated,  the  muscle  is  relaxcd  by  full  exlensi()n  of  the  thijrh,  and  the  upper  bony  margtn 
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of  the  sciatic  notch  is  felt  for  with  the  finger  through  the  interspace  between  the  pyri- 
formis  and  the  gluteus  medius.  The  artery  may  be  found  as  it  turns  over  the  bony 
tip  of  the  sacro-sciatic  foramen  towards  the  dorsum  ilii.  The  sciatic  artery  may  be 
reached  through  the  same  incision,  the  finger  then  being  carried  below  the  pyriformis 
muscle,  when  the  spine  of  the  ischium  and  the  sharp  edge  of  the  sacro-sciatic  liganient 
will  serve  as  landmarks. 

The  point  of  emergence  of  both  the  sciatic  and  internal  pudic  artcries  is  indicated 
with  sufficient  accuracy  by  the  junction  of  the  lower  and  middle  thirds  of  a  line  drawn 
from  the  tuberosity  of  the  ischium  to  the  posterior  superior  spine  of  the  iliuni.  The 
incision  employed  should  follow  the  direction  of  the  fibres  of  the  greater  gluteal 
muscle. 

10.  The  Sciatic  Artcry. — The  sciatic  artery  (a.  glutaea  inferior)  (Fig.  727)  is 
one  of  the  two  terminal  branches  of  the  anterior  division  of  the  internal  iliac.  It  lies 
at  first  internal  and  posterior  to  the  internal  pudic  arterj-,  and  is  directed  down\vard 
and  backward  towards  the  lower  part  of  the  great  sacro-sciatic  foramen,  passing  usu- 
ally  below  the  fourth  sacral  nerve.  It  makes  its  exit  from  the  pelvis  through  the  great 
sacro-sciatic  foramen,  beiow  the  pyriformis  muscle,  and  bends  do\vnward  beneath 
the  gluteus  maximus.  It  crosses  the  internal  pudic  artery  at  about  the  le\el  of  the 
spine  of  the  ischium,  and  in  the  rest  ot  its  course  lies  to  the  inner  side  of  the  great 
sciatic  nerve.  It  descends  u{X)n  the  gemelli,  the  internal  obturator,  and  the  quad- 
ratus  femoris,  and,  after  giving  off  its  principal  branches,  is  continued  do\vn  the  leg 
as  a  slender  vessel,  the  comes  nervi  ischiadici. 

Branches. —  IHihin  the  pehns  the  sciatic  arter>'  gives  off  some  small  and  inconstant  branches 
to  the  internal  obturator  and  pyriformis  muscles  and  to  the  trunks  of  the  sacral  pelvis. 

Outside  the  pelvis  it  gpves  rise  to  several  larger  branches. 

(a)  The  coccygeal  branch  passes  inward  and  pierces  the  jjreat  sacro-sciatic  liganient  and 
the  gluteus  maxinius  near  its  origin,  terminating  in  the  tissues  over  the  loNver  part  of  the  sacnim 
and  coccyx. 

(^)  Muscular  branches,  variable  in  number,  p.iss  to  the  neighlx)ring  muscles,  some  of 
them  being  continued  beneath  the  quadratus  femoris  to  reach  tlie  capsule  of  the  hip-joint. 
One  branch  somevvhat  larger  than  the  rest  can  frequently  l>e  seen  enteriug  the  deep  surface  of 
the  gluteus  maximus  in  company  with  the  inferior  gluteal  nerve  ;  it  supplies  the  muscle  and 
forms  anastomoses  with  the  gluteal  artery. 

(r)  An  anastomotic  branch  passes  transversely  out\vard.  usuallv  l)eneath  the  great  sciatic 
nerve,  towards  the  greater  trochanter  of  the  femur.  It  gives  l\\  igs  to  the  gemelli  muscles,  and 
in  the  neighborhood  of  the  trochanter  anastomoses  with  the  terminal  branch  of  the  internal  cir- 
cumflex,  with  the  transverse  branch  of  the  extemal  circumflex.  and,  l)elo\v,  with  the  first  per- 
forating  arter>',  completing  \vhat  is  termed  the  cruciai  anastomosis. 

{d )  Cutaneous  branches,  variable  in  number,  wind  around  the  lo\ver  lx)rder  of  the  gluteus 
maximus  in  company  \vith  branches  of  the  small  sciatic  nerve,  and  supply  the  integument  over 
the  lower  part  of  the  gluteal  region. 

(e)  The  a.  comes  nervi  ischiadici  is  the  continuation  of  the  sciatic  artery.  It  is  a  long, 
slender  branch  \vhich  passes  do\vnward  ui>on  or  in  the  substance  of  the  great  sciatic  nerve,  supn 
pl>nng  it  and  anastomosing  with  the  perforating  branches  of  the  profunda  femoris. 

Variations. — The  occasional  origin  of  the  sciatic  from  the  gluteal  arter>-  or  from  the 
hypogastric  axis  has  already  iK^en  described  in  connection  \vith  the  variations  of  the  internal 
iliac  (page  80S).  Occasionallv  it  has  a  double  origin  from  both  the  gluteal  and  the  anterior 
division  of  the  internal  iliac.  or  it  mav  l>e  double,  owing  to  the  existence  of  stems  from  each  of 
these  vessels  \vhich  pursue  independent  courses. 

In  addition  to  its  normal  branches,  it  mav  give  origin  to  the  lateral  sacral.  the  inferior 
vesical,  and  the  uterine  or  the  middle  hemorrhoidal.  Esj>ecial  intert*st  attaches  to  the  comes 
nervi  ischiadici,  \vhich  occasionallv  traverses  the  entire  length  of  the  thigh  to  unite  l>elo\v  uith 
the  popliteal  arter>-.  It  reprttsents  the  original  main  stem  of  the  sciatic  arter>-.  of  \vhich  the 
popliteal  was  primarilv  the  continuation,  the  connection  of  that  arter\-  \vith  the  femoral,  and  the 
subsequent  diminution  of  the  sciatic  l)eing  secondar>'  arrangements  (page  S24). 

11.  The  Internal  Pudic  Arterjr. — ^The  internal  pudic  arterv  (a.  pudenda 
interna)  (Fig.  727  )  is  the  other  terminal  branch  of  the  anterior  division  of  the  internal 
iliac.  It  is  directed  d()wn\vard  in  front  of  the  sciatic  arterv  to  the  lower  portion  of  the 
great  sacro-sciatic  foramen,  \vhere  it  makes  its  exit  from  the  pelvis,  passing  between 
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the  pyriformis  and  coccygeus  muscles.  It  then  bends  forivard,  under  cover  of  thc 
gluteus  maximus,  and,  curving  beneath  the  spine  of  the  ischium,  passes  through  the 
lesser  sacro-sciatic  notch  to  enter  the  ischio-rectal  fossa.  Its  course  is  then  forvvard 
along  the  lateral  wall  of  the  fossa,  lying  with  its  accompanying  vein  and  the  pudic 
ner\'e  in  a  fibrous  canal  known  as  Alcock  s  canal^  formed  by  a  splitting  of  the  obtu- 
rator  fascia  near  its  lovver  border.  At  the  anterior  portion  of  the  ischio-rectal  fossa 
the  artery  perforates  the  triangular  ligament  of  the  perineum  and  passes  forw'ard 
between  the  two  layers  composing  that  structure,  finally  perforating  the  superficial 
layer  and  becoming  the  dorsal  artery  of  the  penis  (or  clitoris). 

Branches. — In  the  pelvic  and  gluteal  portions  of  its  course  the  intemal  pudic,  as  a  nile, 
gives  ofF  only  slender  muscular  branches  to  the  neighboring  muscles.  In  its  ischio-rectal  por- 
tion its  branches  are  more  important. 

(a)  The  inferior  hemorrhoidal  arteries  (aa.  haemorrhoidales  inferiores),  usually  two  in  num- 
ber,  but  frequently  onIy  one,  which  early  divides  into  two  or  three  slems,  arise  from  the  intemal 
pudic.  just  after  it  has  traversed  the  lesser  sacro-sciatic  foramen.  They  perforate  the  inner  wall 
of  Alcock's  canal  and  pass  through  the  fat-tissue  which  occupies  the  ischio-rectal  fossa  towards 
the  lower  part  of  the  rectum.  They  give  branches  to  the  ischio-rectal  fat-tissue,  to  the  sphincter 
and  levator  ani,  to  the  gluteus  maximus,  to  the  skin  over  the  ischio-rectal  and  anal  regions,  and 
to  the  lower  part  of  the  rectum,  anastomosing  above  wilh  the  middle  hemorrhoidal  branches  of 
the  intemal  iliac. 

(b)  The  superficial  perineal  artery  (a.  perinei)  arises  just  before  the  intemal  pudic  entersthe 
space  between  the  layers  of  the  triangular  ligament  of  the  perineum.  It  is  at  first  directed 
aJmost  vertically  dovvnvvard,  bul  quickly  bending  around  the  posterior  border  of  the  superficial 
transverse  muscle  of  the  perineum,  near  its  origin  from  the  ischial  tul)erosity,  it  is  directed  for- 
ward  and  inward  in  the  inter\'al  bet\veen  the  ischio-cavemosus  and  bulbo-cavemosus  muscles. 
In  this  portion  of  its  course  it  is  covered  only  by  the  superficial  perineal  fascia  and  the  integu- 
ment,  and  passes  foruard  to  l)e  distributed  to  the  jx)Sterior  portion  of  the  scrotum  in  the  male 
and  to  the  labia  majora  in  the  female.  In  its  course  it  gives  ofT  numerous  cutaneous  branches 
as  well  as  branches  to  the  neighboring  muscles.  One  of  these  latter,  usually  somewhat  larger 
than  the  rest  passes  inuard  towards  the  median  line,  beneath  the  superiicial  transverse  muscle 
of  the  perineum,  which  it  supplies,  as  also  the  bulbo-cavemosus  and  extemal  sphincter  ani. 
This  is  what  has  been  termed  \\\t^  transverse  ariery  of  the  perineum.  It  anastomoses  at  the 
central  point  of  the  perineum  \vith  its  fello\v  of  the  opposite  side,  with  other  branches  from  the 
superficial  perineal  arter\'  anteriorly  and  \vith  branches  of  the  inferior  hemorrhoidals  posteriorly. 

In  its  perineal  portion  also  the  intemal  pudic  gives  ofT  imi>ortant  branches. 

(r)  The  artery  to  the  bulb  (a.  bulbi  urethrae  or  a.  bulbi  vestibuli)  arises  from  the  intemal 
pudic  a  short  distance  after  it  has  entered  the  deep  perineal  interspace.  It  is  a  relatively 
large  vessel  in  the  male,  and  passes  almost  horizontallv  inuard  towards  the  median  line. 
Before  reaching  this  however,  it  i>eriorates  the  superficial  laver  of  the  triangular  ligament. 
enters  the  substance  of  the  bulbus  urethra?  about  15  mm.  in  front  of  its  posterior  e.xtremity. 
and  is  distributed  to  that  stmcture  and  to  the  posterior  third  of  the  corpus  spongiosum  and 
urethra.  In  the  female  it  is  of  a  lesser  calibre  than  in  the  male,  and  is  distributed  to  the  bulbus 
vestibuli. 

(</ )  The  urethral  artery  (a.  urethralis)  arises  usually  some  distance  anteriorly  to  the  arter>' 
of  the  bulb,  and,  like  it.  is  directed  mediallv,  and  penetrates  the  superficial  laver  of  the  tri- 
angular ligament  to  enter  the  substance  of  the  corpus  spongiosum.  It  reaches  the  corpus 
spongiosum  just  behind  the  svmphvsis  pubis,  \vhere  the  tuo  corpora  cavemosa  come  together 
to  form  the  penis,  and  is  continued  foruard  in  the  spongiosum  to  the  glans.  It  is  a  somevvhat 
inconstant  branch,  and  is  quite  small  in  the  female. 

{(t)  The  artcry  of  the  corpus  cavemosum  fa.  profunda  penis  s.  ditoridis)  arises  from  the 
intemal  pudic.  just  |>osterior  to  the  lo\ver  bt:)rder  of  the  symph>'sis  pubis.  and  is  directed 
outward  touards  the  bone.  It  penetrates  the  su|>erficial  laver  of  the  triangular  ligament 
close  to  Its  attac  hment  to  the  [>ubic  rannis,  and  enters  the  corpus  cavemosum  at  about  the 
junction  of  its  middle  and  ix>sterior  thirds.  It  [>asses  to  the  centre  (^f  the  corpus  and  there 
divides  into  a  iM)strrior  branch  uhirh  supplies  blood  to  the  |)osterior  third  of  that  stmcture, 
and  an  anterior  one  \vhich  distributes  to  its  anterior  two-thirds.  It  is  nuich  smaller  in  the 
female  than  in  the  male. 

(/)  The  dorsal  artery  of  the  penis  or  clitoris  (a.  dorsalis  penis  s.  ditoridis)  is  the  continu«i- 
tion  of  the  maiii  sicm  nt  ihi-  inlirnal  pudic  bevond  the  origin  of  the  arler\'  to  the  corpus  cav- 
emosum. It  piinlrales  ihe  siiiH-rfu  ial  laver  of  the  triangular  lij^ameiit  near  its  apex.  and  passes 
upward  in  \\\v  suspmsorv  lii^ament  of  the  jH-nis  or  clitoris  to  the  dorsal  surface  of  that  organ, 
along  vvhich  it  passrs  Ivin;,^  to  tlu-  side  of  the  median  line  and  separated  from  its  fellow  of  the 
opposite  side  by  the  single  median  dorsal  vein.     Laterally  to  it  is  situated  the  dorsal  ner\'e  of 
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the  penis  (or  clitoris),  and  stili  more  lalerally  the  deep  external  pudic  branch  of  the  common 
femoral  arter>-.  On  reaching  the  glans,  it  fornis  an  anastomolic  circle  around  the  base  of  that 
structure,  uniting  with  its  fellow  of  the  opposite  side.  Throughout  itscourse  it  gives  branches  lo 
the  corpus  cavemosum  and  the  integument  of  the  penis  or  tlie  prepuce  of  the  clitoris 

Variations. — The  occasional  origin  froni  the  internal  pudic  of  the  inferior  vesical.  mtddie 
hemorrhoidal,  and  uterine  arteries  has  already  been  noted.  The  internal  pudic,  instead  of 
passing  out  of  the  i)elvis  by  the  great  sacro-sciatic  foranien,  may  be  directed  loruard  upon  the 
noor  of  the  pelvis  and  nass  out  l)eneath  the  pubic  syniphysis  to  l)econie  the  dorsal  arter>'  of  the 
penis.  More  fre(|uently  this  course  is  taken  by  an  accessory  internal  pudic  uhich  arises  fr*.»ni 
the  nudic  in  cases  uhere  this  vessel  appears  to  arise  from  the  hypogastric  axis,  a  condition 
whicn  results  in  the  early  division  of  the  common  stem  from  which  the  sciatic  and  internal 
pudic  arteries  normally  arise. 

The  artery  of  the  bulb  niay  arise  opposite  the  ischial  tuberosity  and  pass  obliquely  fon%-ard 
and  medially  across  the  ischio-rectal  fossa,  and  in  some  cases  it  passes  at  first  directJy  across 
touards  the  anus  and  then  bends  forward  to  reach  the  bulb. 

The  dorsal  arter>'  of  the  penis  or  clitoris  occasionally  unites  with  its  fellow  of  the  opposite 
side  to  form  a  single  median  artery,  or  the  two  arteries  of  opposite  sides  may  be  united  by  trans- 
verse  anastomoses.  Sometimes  a  third  vessel  arises  either  directlv  from  the  anterior  division 
of  the  internal  iliac  or  from  the  obturator,  even  uhen  this  vessel  takes  its  origin  from  the  deep 
epigastric. 

Anastomoses  of  the  Internal  Iliac. — The  internal  iliac  makes  anastomoses 
with  branches  of  the  abdoininal  aorta  and  of  the  external  iliac,  and  with  its  fellow  of 
the  opposite  side,  and  it  is  through  these  connections  that  the  collateral  circulation 
may  be  established. 

Of  branches  communicating  with  the  abdominal  aortic  system  there  are  the 
hemorrhoidal  branches  which  anastomose  with  the  superior  hemorrhoidal  from  the 
inferior  mesenteric,  the  uterine  which  anastomoses  with  the  ovarian,  and  the  lateral 
sacrals  \vhich  anastomose  with  the  middle  sacral.  Communications  with  the  system 
of  the  external  iliac  are  through  the  sciatic  \vith  branches  of  the  profunda  femoris, 
through  the  ilio-lumbar  and  gkiteal  with  the  external  and  internal  circiimfiex  iliacs. 
and  through  the  obturator  with  the  deep  epigastric  through  the  pubic  branches.  The 
anastomoses  across  the  middle  line  occur  between  the  vesical,  prostatic  (vaginal), 
obturator,  and  internal  pudic  branches. 

THE  f:xtp:rnal  iliac  arterv. 

The  external  iliac  arterv  (a.  iliaca  externa)  (Figs.  724,  728)  extends  from  the 
bifurcation  of  the  common  iliac,  opposite  the  sacro-iliac  articulation,  to  a  point  beneath 
Poupart's  ligament  midway  betvveen  the  anterior  superior  spine  of  the  iliuni  and  the 
symphysis  pubis.  It  there  l)ecomes  the  femoral  artery.  In  the  adult  the  extemal 
iliac  is  usually  larger  than  the  internal  and  is  directed  more  nearly  in  the  line  of  the 
common  iliac,  downward,  fon\ard,  and  outuard  along  the  brim  of  the  trne  pelvis. 

Relations. — Anteriorlv,  the  artery  is  covered  by  peritoneum  and  is  endosed, 
together  with  the  vein,  in  a  moderately  dense  sheath  deri  ved  from  the  subf>eritonea] 
tissue  and  termed  Abernethv  s  fascia.  Hy  the  peritoneum  it  is  separated  on  the 
right  side  from  the  tenm*nal  portion  of  the  ileum  and  sometimes  from  the  vermiform 
appendix,  and  on  the  left  from  the  sigmoid  colon.  Near  its  origin  it  is  crossed  by 
the  ovarian  vessels  in  the  female  and  sometimes  by  the  ureter  ;  near  its  lower  end  it 
is  crossed  obliquely  by  the  genital  branch  of  the  genito-crural  ner\'e  and  by  the  deep 
epigastric  vein.  5k>me  Ivmph-nodes  are  also  found  resting  upon  its  anterior  surface. 
Posten'orh\  it  rests  upon  the  iliac  fascia.  which  separates  it  from  the  psoas  muscie  . 
medialh\  it  is  crossed  near  its  lower  end  hv  the  vas  deferens  in  the  male  and  the 
round  ligament  of  the  utcrus  in  the  female.  and  is  accompanied  throughout  its 
course  by  the  external  iliac  vein.  \vhich  lies,  however,  on  a  slightly  posterior  plane. 
Lattralh\  it  is  in  relation  to  the  genito-crural  ner\'e. 

Branches. — In  addition  to  some  small  twigs  to  the  psoas  muscie  and  to  the 
neighboring  Ivmphatic  glands,  the  external  iliac  gives  origin  to  (i)  the  deep  epigastric 
and  i  2  )  the  dnp  circutnfle.v  iHac  arteries. 

Variations. — The  exlernal  iliac  varies  considerablv  in  length,  according  to  the  level  at 
vvhirh  the  alnlominal  aorta  and  the  conimon  iliac  bifurcate.  Independently  of  this.  hou*ever, 
and  es|K*cially  in  aged  individuals,  it  is  frec|uently  longer  than  is  necessar>'  to  reach  in  a  dinrct 
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line  from  thc  common  iliac  to  beneath  Poupart's  li^ament,  and  in  such  cases  it  niiikes  a  more 
or  less  pronounced  i>end  which  may  dip  belou*  the  brim  of  the  pelvis.  In  the  embryo  it  is  a 
comparativelv  small  vessel,  the  main  supply  of  the  lower  linib  lx;injjj:  throu^h  the  sciatic,  which 
is  continuous  below  with  the  popliteal  (page  823).  Occasionally  this  condition  is  retained»  the 
artery  ihen  terminatin^  by  becominj?  the  deep  instead  of  the  common  femoral. 

In  addition  to  the  usual  branches  it  may  give  ofF  the  obturator  (pajce  814),  or  an  accessor\' 
deep  epigastric  or  deep  circumflex  iliac.  Or  branches  usually  arisinjc  trom  the  common  femoral, 
such  as  the  superficial  extemal  pudic  or  even  the  profunda  femoris,  may  arise  from  it. 

Practical  Considerations. — The  external  iliac  artery  is  occiisionally  the  seat 
of  aneurism,  and  such  tumors  IfsLve  been  mistaken  for  malignant  growths  or  for 
abscess.  A  swelling  with  expansile  pulsation  and  bruit  can  usiially  l)e  foiind  in  the 
line  of  the  vessel  near  the  brim  of  the  pelvis,  and  the  patient  \\  ill  be  unable  to  extend 
freely  the  thig^h  or  the  trunk,  and  will  lean  fonvard  in  walking  or  standing  to  relieve 
the  ilio-psoas  from  pressure.  There  is  apt  to  be  pain  in  the  groin  and  down  the  front 
of  the  thigh  from  pressure  on  the  anterior  crural  ner\e,  or  on  the  crural  branch 
of  the  genito-crural. 

It  may  be  imperfectly  compressed  just  above  its  termination  at  the  middle  of 
Poupart\s  ligament,  but,  as  is  the  čase  \vith  the  common  and  internal  iliacs,  the 
circulation  through  it  is  better  controlled  by  pressure  on  the  abdominal  aorta.  The 
line  of  the  vessel  extends  from  a  ix)int  half-way  between  the  pubic  symphysis  and  the 
anterior  superior  spinous  process  to  a  point  a  little  l>elow  and  to  the  left  of  the 
umbilicus.  The  course  of  the  external  iliac  corresponds  to  the  l()wer  third  of  this 
line,  the  upper  two-thirds  representing  the  line  of  the  common  iliac. 

Ligaiion  of  the  \'essel  has  been  done  for  aneurism  of  the  common  femoral,  for 
hemorrhage,  and  as  a  palliative  in  malignant  grovvths  or  in  elephantiasis  of  the 
extremity. 

Like  the  other  iliacs,  it  may  be  approached  by  either:  ( i  )  the  intraperitoneal; 
or  (2)  the  extraperitoneal  route. 

1.  The  incision  should  be  made  in  the  semilunar  line,  and  \vill  thus  cross  the 
line  of  the  vessel  obliquely.  Its  lower  end  should  rcach  Poupart's  ligament.  Its 
length  will  vary  (with  the  thickness  of  the  abdominal  wall )  from  three  inches  to  four 
inches.  The  superficial  circumflex  ilii  and  the  deep  epigastric  arteries  may  require 
ligation.  The  intestines  are  displaced  upward.  At  the  left  side  the  sigmoid  fiexure, 
and  on  the  right  the  termination  of  the  ileum,  may  be  found  in  close  relation  to  the 
vessel.  On  both  sides  the  spermatic  \essels  cross  it,  and  their  distention  (analogous 
to  that  of  the  mesenteric  vessels  spoken  of  in  connection  with  ligation  of  the  left 
common  iliac)  (page  808),  when  deprived  of  their  peritoneal  support,  has  been  noted 
(Makins). 

The  peritoneum  over  the  vessel— on  the  left  side  possil)ly  a  part  of  the  sigmoid 
mesocolon — is  divided  parallel  with  the  long  axis  of  tlie  artery,  and  the  needle  is 
passed  from  the  vein. 

2.  Ligation  by  the  extraperitoneal  method — stili  preferred  by  many  surgeons  in 
the  čase  of  this  vessel — is  done  through  an  incision  parallel  with  Poupart's  ligament, 
but  slightly  c<mvex  down\vard,  l>eginning  one  inch  above  the  anterior  superior  spinous 
process  of  the  ilium  and  ending  at  the  outer  pillar  of  the  extenial  abdominal  ring. 
After  dividing  the  abdominal  muscles  and  the  transversalis  fascia,  the  separation  of 
the  peritoneum  from  tlie  iliac  fascia  is  begim  near  the  outer  extremity  of  the  \vound, 
where  the  subperitoneal  areolar  tissue  is  more  abundant  and  the  connection  of  the 
peritoneum  and  th(»  fascia  less  intimate.  After  the  detachment  has  been  effected 
(chiefly  by  means  of  a  fniger),  the  vessel  is  ex|x>sed  \vith  the  vein  Iving  behind 
it  above  and  to  the  inncr  side  near  Poupart's  ligiiment,  and  the  anterior  cniral 
nerve  some  distance  to  the  outer  side.  The  needle  should  be  passed  from  within 
outward. 

The  collateral  circulation  is  carried  on  from  al>ove  the  ligature  !>y  ( a  )  the  lumkir: 
{h)  the  obturator:  u)  llu*  sciatic:  (d)  the  gluteal:  (e)  the  internal  pudic:  and  (  /' ) 
the  internal  mammarv  and  lo\ver  intercostals  anastomosing  respectivelv  with  \a)  the 
deep  circumtlex  iliar:  (b)  the  internal  circumflex:  (r)  the  perforating  (profunda); 
(</)  the  exteriinl  rircumrtex;  (<- )  the  external  pudic  (femoral);  and  (7")  the  deep 
epigastric  from  below. 
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1.  The  Deep  Epigastric  Artery. — The  dccp  epigastric  artery  (a.  epiiiaslrica 
inferiorj  (Fig.  728)  arises  from  the  antcrior  surface  of  the  CKtcrnal  iliac,  a  short 
dislaiicc  abovc  uheri;  it  |>ass(.-s  benealh  Foupart's  ligaiiieiit.  Imnifdiatdj-  aftc-r  its 
origiii  it  boiids  do\inward  and  medially  to  pasa  the  lowtr  border  of  ihe  intcmal 
abdumiiiiil  ring.  being  crossed  in  this situation  by  the  \us  deferens  in  the  mak-  and  tht 
rouiid  ligaiHcnt  of  the  uterus  in  the  lemale.  It  then  curves  upward  and  niodially 
alon^  the  inethal  border  of  the  internal  alxlominal  riiig  and  ascends  along  the  outer 
border  of  Hesselbach's  triangle  (page  526),  of  uhich  it  forms  tlie  lateral  bouiidan'. 
Throughout  this  portion  ul  its  course  it  lies  bctween  the  peritoneuin  and  the  trans- 
versalis  fascia,  biit  at  about  the  level  of  the  fold  of  Uouglas,  in  the  posterior  surface 
of  the  sheath  of  the  rectus  abdominis,  it  piercen  the  fascia  and  ascends  betwcen  the 
muscle  and  the  posterior  layer  of  its  sheath,  eventually  enteriiig  the  substance  of  the 
musclc,  where  it  terminates  by  anastumosing  with  the  superior  epigastric  branch  of 
the  internal  niunimary  artery. 

BranchCB. — Tliroughuut  its  courselhedeep  epigastric  aiterj-^vts oda  numberof  branchc& 

(ii)  The  cremBatcric  branch  (a.  npcrmatka  »tema  m  the  male,  a.  Ilpmeali  lerelis  in  the 

femalc)  is  givcn  uff  a  short  distance  beyund  the  origin  uf  the  deep  epigastric  and  accompanies 


the  siiemiatic  ctird  i>r  nmnd  ligament  o(  the  utenis  ihrou^h  the  Jnguinal  canal.  In  the  male  it 
supplies  the  (Teniaster  muscle  an4  the  spermaljc  cord.  anaslomosing  with  the  spermatic  and 
<k-fereiitial  arteries,  and  in  the  feinale.  in  w,hiih  it  is  sniall.  it  stii>{^ies  Ihe  lower  part  of  the 
roinid  ItKanient  and  tt-rminalcs  in  ihe  labia  niajora  l>y  aiiaKtomosing  nilh  hranches  of  the  super- 
ticiiil  ix'riitcal  arten,-. 

lAi  Tlu- pubič  branch  Iramirn  piihicu«)  arises  a  sliort  dislance  lx-)ond  the  cremasltric  aiid, 
l>a>sing  eillu-r  al>ii\'e  "r  l)el»iM-  lin-  (enmral  ring,  i>asses  tl<i«ii«ard  and  inward  ii|Min  the  posterii.>r 
siiriaci-  c.(  tile  .IS  (Hiliis.  HhiT<-  it  niav  anasloinose  ivilli  tlu-  piibic  branch  of  ihe  obluratur.  It  i* 
liv  lile  iiiiiisliHiiosis  anil  iiilartrenient  i>(  lliis  arlerj-  jliuI  ilie  [luhic  branch  of  the  obturator 
llial  ihv  laller  vess.1  icims  l.i  iitise  vo  lr(i|iieiilly  fr<ini  lin-  deip  epitraslric  (page  M14).  And 
iv.ii  uli.-ii  ihr  ijljliiratiir  li.is  if;  nonii.il  ori^-iri,  Ilic  :iii:isH)iiii>sis  niav  render  the  piihic  t>ranch  ot 
iIk'  dii-])  <'pi^:isirir  <if  iiiiisidinihli-  iiii  porini  mi-  in  tlit-  <iperati(>n  for  the  relief  of  femoral  hcmia. 

1 1- 1  MuHCular  branches,  v;iriiil)U-  in  niiiiilK-r.  iirt-  jiiven  otT.  fur  the  most  part.  from  the 
..liter  -.id^  ..I  lil.-  ^irl.rv  aiui  sii|i]>lv  il.e  mihmI.s  ..[  tli,-  abdcimiiial  wii!ls.  Thev  anastomose  »ith 
liranilii-i  ..I  lliv  l,.w,r  iiil.n<.-.Ml  iinil  liinih.ir  iirt.ri.s. 

•  '/  1  Cutaneous  branches,  aKn  vari;iMv  in  (iiiihIht.  pierce  ihe 
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Variations.— The  deep  epigastric  may  arise  froni  tlie  external  iliac  higher  up  Ihan  usual, — 
as  high,  indeed,  as  a  point  6  cm.  (2f^  in.)  above  Poupart's  hgiimenl.  In  such  cases  it  passes 
downward  and  forvvard  upon  thc  anterior  surface  of  the  external  iliac  to  reach  the  ab>doniinal 
wall.  It  may  aiso  arise  helou'  its  usual  jK^silion, — that  is  to  sav.  from  the  common  femoral 
arter>', — and  it  niay  be  given  ofF  from  A.  trunk  common  to  it  and  the  deep  circumriex  iliac. 

In  addition  to  being  ire(iuently  the  origin  of  the  obturator  (page  814),  it  may  l)e  given  oflf 
from  that  artery  as  a  result  of  the  enlargement  of  the  anasl«:)mosis  of  the  pubic  branches  of  the 
two  arteries  and  the  subsec|uent  degeneration  of  the  proximal  iK)rtion  ot  the  deep  epigastric. 
Occasionallv  it  gives  origin  to  the  dorsal  artery  of  the  j>enis  or  clitoris,  an  arrangement  which 
also  results  from  its  relation  to  the  obturator,  from  vvhich  this  artery  sometimes  arises. 

2.  The  Deep  Circumflex  Iliac  Artery. — The  deep  circumflex  iliac  arterv  (a. 
circumflesa  ilium  profunda)  (Fig.  728)  arises  from  the  outer  surface  of  the  external 
iliac,  a  little  below  the  deep  epigastric.  It  passes  outuard  along  the  lo\ver  border 
of  Poupart's  ligament,  enclosed  in  a  sheath  formed  by  the  iliac  fascia,  and  opposite  the 
anterior  superior  spine  of  the  ilium,  or  it  may  be  a  little  bevond  it,  divides  into  an 
ascending  and  a  horizontal  branch. 

Branches.— In  its  course  it  gives  branches  to  the  muscles  of  the  abdominal  wall  and,  at 
the  .interior  sup)erior  spine  of  the  ilium,  to  the  upper  part  of  the  sartorius  and  to  the  tensor 
vaginae  femoris. 

{a)  The  ascending  branch  pierces  the  transversalis  muscle  and  ascends  directly  upuard 
between  that  muscle  and  the  intemal  oblique.  It  sends  branches  lo  both  these  muscles,  i\s  well 
as  to  the  extemal  oblique  and  the  integument,  and  terminates  by  anastomosing  with  the  lumbar 
arteries  and  with  the  tenth  aortic  intercostal  (subcostal). 

{d)  The  horizontal  branch  continues  the  course  of  the  main  stem.  It  lies  at  first  a  little 
below  the  crest  of  the  ilium,  but  later  ascends  and  perforates  the  transversalis  muscle,  passing 
onward  upon  the  crest  of  the  ilium  between  that  muscle  and  the  internal  oblique.  It  gives  oft 
branches  vvhich  supply  the  abdominal  muscles  and  anastomose  \vith  the  lumbar  arteries,  and 
terminates  by  anastomosing  with  the  lumbar  branches  of  the  ilio-lumbar. 

Variations. — The  deep  circumflex  iliac  arter>'  may  ari.se  from  a  common  stem  .vilh  the  deep 
epigastric  or  from  the  upper  part  of  the  common  femoral  artery.  Not  infre(iuently  it  gives  rise 
to  a  branch,  shortly  after  its  origin,  uhich  passes  upuard  u|X)n  the  anterior  abdominal  vvall,  un- 
demeath  the  transversalis  fascia,  paral lel  and  lateral  to  the  deep  epigastric.  This /a/era/ epi- 
gaslric  artery,  as  it  has  been  termed,  is  occasionally  of  consicferable  size,  in  uhich  čase  the 
ascending  branch  of  the  circumflex  iliac  may  l)e  more  or  less  reduced.  It  may  ascend  to  the 
level  of  the  umbilicus  or  even  above  that  point,  sending  branches  to  the  muscles  of  the  aMom- 
inal  wall. 

Anastomoses  of  thc  £xternal  Iliac. — Opportunities  for  the  development  of 
a  coilateral  circulation  after  ligation  of  the  external  iliac  arterv  are  aflorded  by  the 
anastomoses  of  its  deep  epigastric  branch  with  the  superior  epigastric  branch  of  the 
internal  mammarv,  with  the  louer  aortic  intercostals,  and  with  the  lumbar  arteries. 
The  deep  circumflex  iliac  also  makes  connections  \vitli  the  lumbar  arteries  by  its 
ascending  and  lateral  epigastric  branches,  and,  furtherniore,  anastomoses  with  the 
ilio-lumbar  and  gluteal  branches  of  the  internal  iliac.  Another  connection  vvith  the 
intemal  iliac  systein  is  niade  hy  the  anastomoses  of  the  pubic  branches  of  the  deep 
epigastric  and  obturator  arteries. 

Anastomoses  between  branches  of  the  internal  ili^ic  and  the  femoral  arteries  are 
also  of  importance  in  this  connection,  but  will  be  described  in  connection  \vith  the 
femoral  artery  (page  831). 

THE   FEMORAL   ARTERV. 

The  femoral  arterv  (a.  fcmoralis)  ( Figs.  729,  732)  is  the  continuation  of  the 
external  iliac  hel()\v  Pou|)art's  ligament.  Its  course  is  almost  verticallv  dounuard, 
with  a  slight  inclination  inuard  and  hackuard.  and  miv  he  indicated  hv  a  line  dra\vn 
from  a  |H)int  in  l*«ni|)art's  ligament  miduav  het\veen  the  svmjjhvsis  pubis  and  the 
anterior  sujK-rior  s|)in<.*  <>f  thc  ilium  to  the  adductor  tubercle  u|)on  the  inner  condvle 
of  the  fcinur,  \vlu*n  th(*  thigh  is  flexe(l  upon  the  pelvis  aiul  rotated  out\vard.  It  ter- 
minates at  ahout  tlu-  junction  of  the  middle  and  lower  thinls  of  the  thigh,  where  it 
passes  through  thr  aclductor  magnus  muscle.  close  to  the  inner  surface  of  the  femur, 
to  become  the  popliteal  artery. 
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tiia  of  Ironl  ol  thigh  i  (upcrficial  dinccllan 
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Relations. — In  its  uppermost  part,  for  a  distance  of  about  3  cm.  (i  J^  in. )•  the 
femoral  artery,  together  with  the  acconipanying  vein,  is  encloseci  within  a  sheath 
formed  by  a  prolongation  of  the  transversalis  and  iliac  fascia?  Ik»1ow  Pou|>art's  liga- 
ment.  This /emorai  sheath  is  funnel-shaped  and  is  divide<i  by  partitions  into  three 
compartments,  the  most  lateral  of  which  contains  the  artery,  the  middle  one  the 
femoral  vein,  while  the  medial  one  forms  what  is  termed  tht^ /i'w o ra/  or  crural  canal 
(page  625).  Belo\v,  the  walls  of  the  sheath  gradually  pass  over  into  the  con- 
nective  tissue  which  invests  the  vessels. 

In  the  upi>er  half  of  its  course  the  femoral  arterj'  lies  in  Scarpa's  triangle  (page 
639).  while  in  its.louer  half  it  is  contained  within  a  space  known  as  Hiinter' s  canal, 
situated  bet\veen  the  adductor  magnus  and  vastus  medialis  muscles  and  covered  in 
by  the  sartorius. 

In  Scarpa's  triangle  the  relations  of  the  artery  are  as  follous.  Anteriorly,  it 
is  covered  by  the  integiunent,  the  superficial  fascia,  and  the  fascia  lata,  the  inner 
margin  of  the  attenuated  portion  of  the  latter  fascia,  \vhich  is  known  as  the  cribriform 
fascia,  overlapping  it  at  about  the  junction  of  its  upper  and  middle  thirds.  Superficial 
to  the  fascia  lata  are  some  of  the  superficial  inguinal  lymphatic  nodes  and  the  superfi- 
cial circumflex  iliac  vein,  \vhile  deeper  and  resting  upon  the  up|)er  part  of  the  artery  is 
the  crural  branch  of  the  genito-crural  nerve,  and  to\vards  the  apex  of  the  triangle  the 
intemal  cutaneous  nerse.  Poster iorl\\  the  artcrv  rests  upon  the  tendon  of  the  ilio- 
|>soas  muscle,  \vhich  separates  it  from  the  ca|)sule  of  the  hip-joint,  and  louer  down  it 
lies  upon  the  pectineus  muscle.  Throughout  the  l()\ver  part  of  the  triangle  it  is  sep- 
arated  from  the  adductor  h^igus  muscle  by  the  femoral  vein  and  by  the  deep  femoral 
artery  and  vein.  Mediall\\  it  is  in  relation  above  with  the  femoral  vein  and  below 
with  the  adductor  longus;  laterall\\  \vith  the  ilio-psoits  muscle  and  the  leash  of 
nerses  formed  from  the  anterior  crural  nerve. 

In  Hunter's  canal  the  artery  lies  l)eneath  the  sartorius  nuisde  and  is  crossed 
obliquely  from  without  in\vard  by  the  long  saphenous  nerve.  Posterwrly  it  rests  upon 
the  adductor  longus  and  the  adductor  magnus,  and  also  u|>on  the  femoral  vein  which, 
below.  comes  to  lie  someuhat  laterallv  as  \vell  as  posterior  to  it  and  is  firmly  united 
to  the  arterv  by  dense  connective  tissue.  To  the  inner  side  of  the  arter>'  is  the  ad- 
ductor longus  alxne  and  tlie  adductor  magnus  Ik*1o\v,  \vhile  to  its  outer  side,  and 
j>artly  overlapping  it.  is  the  vastus  internus. 

Branches. — In  Scarpa*s  triangle  the  femoral  arterv  gives  of!  f  i)  the  super- 
ficial epigastric,  ( 2 )  the  superjieial  circumflex  iliac,  ( 3 )  the  superficial  extemal 
pudic,  (4)  the  dcep  external  pudie.  (5)  \\\^  profunda  feniotis,  and  (6)  muscular 
branches.  In  Hunter's  canal  it  gives  ofif  additional  muscular  branches  and,  just 
before  perforating  the  adductor  muscle,  ( 7)  the  anastomotiea  majhna. 

The  profunda  femoris  so  much  surpiLssc»s  in  size  the  other  branches  of  the  femoral 
that  the  latter  arterv  is  frequently  regarded  as  bifurcating  at  the  point  where  this 
vessel  arises.  The  portion  of  the  artery  above  the  bifurcatii^n  is  then  termed  the 
co  m  man  femoral,  \vhile  its  continuation  through  Scarpa's  triangle  and  Hunter's  canal 
is  known  as  the  superficial  femoral. 

Variations. — A  ct)inparativi-  sludv  of  the  arteries  of  the  \\\\^\  reveals  the  fact  that  the  exist- 
ence  of  a  \vell-<leveK>|H*cl  femoral  arter\'  formin^  the  main  !)l(KKl-rhannel  for  the  lejj:  is  a  condi- 
tion  charaoteristic  of  the  nianinialia.  In  the  louer  vertebrate  jn^oims  the  soialic  is  the  principal 
arter>'  of  the  thi^h.  exten(linj^  ihroii^hout  the  \vhole  leng^h  of  its  tiexor  surface  and  beconiing 
continuous  l)elo\v  \vith  the  |M)|)liteal  arter>',  the  femoral  arter\'  lx^in^  comparativelv  insi^nificant 
and  tenninalinj^  as  the  profuiula  fenu)ris.  The  jH-ciiliar  coiirse  of  the  mammalian  femoral,  start- 
injj,  as  it  cKk»s,  as  an  arler>  of  the  exiensor  siirfaoe  of  the  limb  and  later  jx*rforatinji:  the  adductor 
majniiis  to  lx.*come  (ontimious  \vilh  the  )x)pliteal  upon  the  flexor  siirtace,  is  to  lx;  regarded. 
therefi>re,  «is  a  serondarv  arranjjement.  and  its  historv  is  si>mewhat  as  ft)llo\vs. 

\Vhile  the  sciatic  is  stili  the  princij)al  vessel  of  the  thijjh  and  retains  its  o>nnection  \vilh  the 
po|)liteal  Ik^Ionv,  a  branch  is  jjiven  off  trom  the  femoral  whi(:h  accompanies  the  lonjj  siiphenous 
ner\'e  thn)U^h  Hunter's  ranal  and  down  the  inner  snrface  of  the  cms.  havinji:  in  this  lo\ver  por- 
tion of  its  course  a  suiHTtioial  |K)sition  corresjxinding:  with  that  of  the  ner\e.  Necir  the  lower 
part  of  Hunter's  <  anal  this  vessel.  \vhich  is  known  as  the  saphenous  artery\  >»ivesoflf  a  branch 
which  j>erforates  the  adductor  majjnus  an<l  unites  \vith  the  sciatic.  prtnlucinj^  an  arranjjement 
which,  in  various  dej^rees  of  <leveK)pment.  mav  l)e  rejjarded  as  characteristic  of  the  mamm.ilia 
as  a  Rjoiip.  In  man,  houever.  the  process  jjoes  a  step  further  in  that.  correhativelv  with  an 
eniarjcement  of  the  anastt>mosis  lH'tween  the  saphenous  and  the  sciatic.  there  is  a  diminution  of 
the  main  stem  of  the  latter  vessel,  so  that  eventua!ly  it  l)ecomeb  reduced  to  the  slender  a.  cotnes 
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ischiadici  which  loses,  as  a  nile,  its  continuity  with  the  popliteal.    That  artery  now  appt'ars 

the  contilluation  of  tlie  saphenous  (femoral),  sincc  therc  uccurs  a  dcKeneration  of  tht 

nous  lx;U)w  the  i)oint  whcre  the  anastoniosinf;  hranch  is  jnveii  off.     These  chanipes  are 

n  diajo^anniiaticnllv  in  Kig.  74S,  (}>age  S49)  froni  which  it  will  !)e  seen  that  the  femoralarten' 

M  the  ori}^in  of  the  protunda  is  the  upper  part  of  the  oripnal  a.  saphena,  the  continuation  lif 

vessel  down  the  crus  l)ein};  represented  only  by  the  superticiaJ  branch  of  the  anastomoHca 

na. 

The  principal  variations  uliioh  are  shoun  by  the  fenioral  arter>'  are  associtited  with  ihesi-    -  .. 
.nges  \vhich  it  hits  passed  throuj;h  in  its  develoj)ment,  and  represent  a  cessation  of  Ihe  devel-  — 
nient  at  one  stajje  or  other  of  its  projjress.     Thus,  as  already  pointed  out  (|>a^e  S15).  the — = 
mrs  nervi  ischiadici  niay  reniain  the  principal  vessel  of  the  thigh,  the  fenioral  temiinatinj;  in  ^ 
e  profunda  femoris.     (^r  the  developnient  may  proceed  to  the  fomiation  of  the  a.  s«'iphena.   ^ 
hich  niay  arise  either  imniediatelv  alK)ve  the  profunda  femoris.  in  such  čase  the  sniterficial  M.  - 
.'moral  lx:in^  wantin>^  and  the  comes  ner\i  ischiadici  stili  well  develo|K*d,  or  else from  the kmei — m 
lart  of  the  fenioral,  jiist  !)efore  it  pierces  the  adductor  muscle.     From  this  point  the  vessel.  • 
A'hen  fullv  develojK-d,  is  continued  onward  with  the  lonj;  saphenous  ner\-e  l>et\veen  the  addmnoi — m 
maj^ius  and  the  viistus  medialis,  and  l)elow  the  knee-joint  |K*rforates  the  crural  fascia  and  v:^  •s 
continued  superticially  down  the  inner  side  of  the  crus,  accompanying  the  lonjj  saphenous  ner\e— r.^ 
and  vefn  to  the  intemal  malleolus,  where  it  makes  connections  with  the  |H>sterior  tit)ial  arterv-  ^ 
and  may  sometimes  nersist  as  a  branch  of  that  vessel. 

In  addition  to  these  anomalies,  the  femoral  arter>*  frecjuentlv  jf^ves  off  branches  which  nor 

mallv  arise  from  other  vessels.     Thus  it  mav  jjive  rise  to  the  deep  epijjastric  or  the  deep  cir 

cumflex  iliac,  normally  branches  of  the  external  iliac,  or  to  the  extemal  or  intemal  circumflex.  — 
nonnally  branches  of  the  profunda  femoris.  It  has  also  been  obser\ed  to  pve  origin  to  the  ilio-  — 
lumbar  arter>'. 

Practical  Considerations. — The  femoral  artery  is  more  often  wounded  than 
the  brachial  on  account  of  the  position  of  its  iipper  half — in  Scarpa's  triangle— on 
the  anterior  surface  of  the  limb,  and  of  its  relativelv  more  intimate  relation  to  the 
bone  at  its  lower  end.  In  the  latter  region  it  has  been  opcned  by  spicules  of  necrotic 
bone.  Next  to  the  popliteal,  it  is  more  frcquently  the  subject  of  aneurism  than  any 
other  extemal  arterial  trunk.  On  account  of  the  close  relation  of  the  Ivmphatic 
)^lands  in  and  near  the  groin,  the  vessel  has  becn  opened  by  ulceration  and  sloughing 
in  bubo  or  in«carcinoma,  and  has  been  involved  in  sarcomatous  gro\vths.  The  s;ime 
relation  has  caused  the  aneurism  to  be  mistaken  for  a  glandiilar  abscess,  an  error 
which  has  occurred  oftener  in  connection  with  this  vessel  than  with  any  other. 

Cotnpression  of  the  femoral  artery  has  yieldeil  vcry  satisfactory  results  in  the 
treatment  of  popliteal  aneurism.  The  pressure  is  best  applied  in  a  direction  backward 
and  outward  just  below  the  inferior  edge  of  Poupart's  ligament  where  the  vessel  can 
l)e  flattened  against  the  brim  of  the  pelvis — the  upper  margin  of  the  acetabulum — 
just  outside  the  ilio-pectineal  eminence,  only  a  vcrv  thin  ix)rtion  of  the  i]io-|)soas 
muscle  intervening.  A  little  lower,  a  more  fleshv  portion  of  that  muscle  separates  it 
from  the  head  of  the  femiir,  and  yet  lower  the  artery  has  back  of  it  the  stili  less 
resistant  mass  of  the  pectineus  and  adductor  hrevis  muscles,  and  more  force  will  be 
required  to  obliterate  its  himen.  A  t  the  aj)ex  of  Scaq>a*s  triangle  the  pressure  mtist 
be  directed  backward  and  some\vhat  more  outuard,  and  a  httle  lower  stili  more 
directly  out\vard,  the  arterv  at  these  places  lx'ing  compressed  against  the  femur,  the 
vastus  internus  intervening. 

Extreme  flexi()n  of  the  thigh  ujX)n  the  trunk  uill  occlude  the  femoral.  and  has 
l)een  used  siiccessfully  in  the  cure  of  ix)pliteal  aneurism  and  for  the  temjK)rary  arrest 
of  hemorrhage. 

Ligation  of  the  vessel  may  be  done:   i.    Bct\vcen   Pouj)art's  ligament  and  th 
origin  of  the  profunda — the  common  femoral  {vide  supra).     2.  At  the  apex 
Scarpa\s  triangle.     3.   In  Hunter*s  canal. 

I.   The  common  femoral  is  rarely  ligated  except  as  a  preliminary  to  some  for 
of  hip-joint  amputations.  or  for  the  relief  (^f  hemorrhage.     In  aneurism  of  the  up 
portion  of  the  superficial  femoral  the  external  iliac  is  ordinarily  preferred  becaus 
i  a  )  the  {)ossibility  of  a  high  origin  of  the  profunda.     The  connnon  femoral  is  nonr 
onlv  alnuit  one  and  a  half  inches  in  length.      If  its  bifurcation  occurs  above  the  \ 
Irvel — the    most    comnion   varialion     tlu-   ligaturc  wfuil(i   Ik-   in   dangerouslv 
j>n>xiniity  to  so  larm*  a  trunk.      '  b  1  Tlie  pn-scnce  of  a  nuniluT  of  smaller  branc^ 
the  deep  epigastrjc  and  deep  circutnHc.v  iliac  coniing  otf  imniediatelv  above  Pou 
ligament,   tlie  suj)iTricial  epit;astri(  \   <  in  iniiHtx   iliar.   and  exlernal   jnidic,  th< 
external  |)n(ii<'.  and  ocrasionallv  oneof  the  cirounil]e.\  arleries  (  especiallv  thcint 
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arising  froni  the  femoral.  This  circumstance  likewisc  interferes  with  thc  tirmness and 
securiiy  of  thc  clut  formalion  after  lijpture.  (c)  The  fact  ihat  Hgaturc  of  the 
common  femoral  cuts  off  the  chief  blou(l-supply  to  the  lower  Hmb  aiso  niihtates 
^;ainst  its  »election  aiid  leads  to  the  chuicc  of  the  siiperhcial  femoral  whenever  |x>b- 
sible,  so  as  to  permit  thu  profuiKla  an<l  its  branches  tu  maintain  a  sufhcieiit  \-ascular 
current.  The  incisioii  should  be  begun  on  the  abdomen  a  littk-  abuve  l'<mpart's 
ligament,  midway  belweeii  the  aiitcriur  superior  spine  and  the  syniphysis  pubis,  and 
extend  downward  to  aboiit  two  inches  below  the  ligament  in  the  line  of  the  vcssel — 
f/rfc  mpra.  The  stnictures  to  be  avoided  in  a|>proaching  jhe  artery  are  thc  f^lunds 
and  veiiis  ihat  he  in  the  fat  ovcr  the  cribriform  fascia,  the  su[>erticial  epigastric  artcry 
and,  when  the  sheath  is  e.\|x>sed,  the  crural  branch  of  the  genito-crural  nene  lying 
upon  it  near  its  outer  side.  The  vein  is  in  closc  contact  vvith  the  inner  side  of  the 
artery.     The  needle  should  be  passed  from  within  oulward. 

The  coUatera!  circulation  \\\\\  be  carried  on  from  above  the  Hgature  by  {a)  the 


iternal  iliac);  {b)  the  gluteal  an<l  sciatic  (from  the  same 


internat  pudic  (from  thc 
vessel);  (f)  thc  deep  cir* 
cumflex  iliac,  from  the 
extemal  iliac  1  (rf)theob- 
turator,  and(c)  thecomes 
nervi  ischiadici,  anasto- 
mosing  respcctively  with 
(a)  the  superficial  and 
deep  external  pudic :  (*) 
the  circumfle.v  and  per- 
forating  arteries  ;  (r )  the 
external  circumfle\  :  (rf) 
the  internal  circumflex  ; 
and  (e)  the  perforating,  aH 
h^m  either  the  common, 
superficial,  or  deep  fem- 
oral. 

2.  At  the  apex  nf 
Scarpa's  triangle  an  inci- 
Mon  with  its  centre  at  the 
apex  of  the  triangle  is 
made  on  the  line  of  the 
vessel,  the  ihigh  l>eing  ab- 
ducted  and  rolated  out- 
ward,  the  hip  a  lillle 
flesed,  the  knee  well 
flexed,  and  the  leg  resting 
on  its  outer  surface.  Be- 
iore  reaching  the  deep 
fascia.  the  Ione  saphemm.i 

vein  or  the  external  siip.-r-  Superfic.i  rf.s«.^.,.,,  „.^s«n«Mj^nK     showin, 

ficial  femoral  vein.  iiiav  be 

met  with  and  should  Ik-  avnided.  After  o|>ening  the  deep  fascia  the  fibres  oi  the 
inner  edge  of  the  sirtorius  shi.mld  Ik-  exposed,  and  mav  l)e  recognizcd  bv  their  ol>lique 
course.  Tbat  niuscle  shnuld  be  displaced  outward,  the  vascular  groove  containing 
the  vessel  and  some  fallv  arei>lar  tissne  identilied,  and  the  sheath  exposed.  The 
internal  cutanvi>tLs  branch  of  thc  anlerior  crural  nerve  in  friint.  and  thc  nervo  to  the 
vastus  internu;*  and  thi'  lung  suphenons  nerve  externally,  ^hoiild  Ik.-  avoi<led.  and  the 
sheath  i>j>ened.  Th<>  needle  shimid  l>e  |>assed  from  nithoui  lUHaril  to  avoiil  the  vein. 
which  herc  lics  biliind  and  t.i  thc  outer  side  of  the  arterv. 

,1-  To  rearii  ilu-  vrssci  in  Hunter's  canal,  the  limb  In-ing  in  the  positiim  al>ove 
descrik-d,  an  in.isicn  is  made  on  the  line  of  the  vessel  extending  from  the  a|>ex  of  the 
triangle  to  about  thri'<'  inches  al>ove  the  internal  cnndvle.  Tlie  Irmg  s^iphenons  vein 
should  l>e  avnided.  The  deep  fascia  is  openiil,  aud  the  outer  edge  of  the  s;irtorius 
idcntificd.      The  only  slruciure  ihat  could  be  mislaken  for  it  is  the  vastus  internus. 
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(aa)  The  firsi  ur  superior  peiforating  •rtery  (■.  pcrfunia«  prlma)  i><  ](ener>Jly  Ine  taTKCSt  of 
the  three,  and  ariseH  just  as  thc  prufundu  passt^s  bcliind  thc  adductur  lungv-s.  Il  cithL-r  passes 
through  the  adductor  brevis  or  betwi^ii  ihat  niuscie  and  tht  |>eclineus  and  piurct-i  the  adductor 


maKniLS,  md  du-n  dividi-s  inin  an  ascvmlint:  ^iiuhidi-si-cndinBhnni.  h.  thc  laiit-r  <>f  nhirhaniLsto- 
moscs  ttilh  thf  Hsi.viiiliii^'  1)ran(li  i)f  thi-  second  iicrioriitint;  ivhrlv  tht-  fomier  assistK  in  the  for- 
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{dd)  The  second  or  middle  perforating  artery  (a.  perforans  secunda)  arises  a  little  below  tht^^ 

first  and,  after  piercing  the  adductor  brevis  and  the  adductor  magnus,  divides  into  an  asctrndin} 

and  a  descending  branch  which  anastomose  respectively  wilh  the  descending  branch  of  Ihe  firs*.^ 

and  the  ascending  branch  of  the  third  perforating.     A  nutrient  artery  to  the  femur  b»  usuall^^  C  ^\\\ 

given  off  froni  this  vessel,  although  frequently  it  comes  from  the  third  perforating. 

[tr)  The  third  or  inferior  perforating  artery  (a.  perforans  teriia)  arises  usually  on  a  lev«r-=a»  --^^d 
with  the  loNver  border  of  the  adductor  brevis.  It  pierces  the  adductor  magnus  and  terminatesa~*  ^^.es 
like  the  other  f)erforating  arteries,  by  dividing  into  an  ascending  and  a  descending  branch.  Th*«-^ — -^ 
ascending  branch  anastonioses  with  the  descending  branch  of  the  second  perforating,  while  th'a-C9the 
descending  one  anastonioses  with  branches  from  the  terminal  portion  of  the  profunda.  Th «  ^  jh«. 
nutrient  arter>'  to  the  femur  Ls  frequently  given  off  by  this  branch. 

Variations. — The  vanations  of  the  nrofunda  and  its  branches  are  somewhat  numerous,  anr^v  .^Rnd 
to  a  very  considerable  extent  are  largely  associated  with  one  another.  In  other  words.  thei«'^^=^.tTe 
may  be  more  or  less  dissociation  of  the  various  vessels  of  the  profunda  comptex,  one  or  oth^  ■"tfher 
of  them  having  an  independent  origin  from  the  femoral,  and,  indeed,  this  process  may  occur  r  -  to 

such  an  extent  that  a  profunda  femoris  as  a  definite  vessel  can  hardly  be  said  to  exist. 

The  point  of  origin  of  the  profunda  from  the  femoral  is  stated  to  be  usua!!y  about  4  ui  m^ m. 

distant  from  Poupart's  ligament,  but  the  figure  must  be  taken  as  a  general  average  from  whi(^  ^  iBich 
there  may  be  wide  departures.  Thus,  in  430  limbs  Quain  found  that  the  distance  from  PoupaiLB  ^n's 
ligament  of  the  origin  of  the  profunda  uas  betueen  2.5  and  5.1  cm.  in  6S  p>er  cent.,  and  ■  oC 

this  numl)er  it  Ucis  l>etween  2.5  and  3  8  cm.  in  42.6  per  cent.     It  was  distant  less  than  2.5  cm.  —  -  in 

24.6  per  cent.  of  the  limbs  and  more  than  5.1  cm.  m  only  7.4  p>er  cent.     Quain\s  figures  are  t 
fotlows : 

Origin  at  Poupart's  ligament 7  cases. 

0-1.3  cm.  belovv  roupart's  ligament 13  cases. 

1.3-2.5  cm.  bel6\v  Poupart' s  ligament ' 86  cases. 

2.5-3.8  cm.  below  Pouparl's  ligament 183  cases. 

3.8-5. 1  cm.  l)elow  Pouparts  ligament 109  cases. 

5. 1-6.3  cm.  below  Poupart* s  ligament 19  cases. 

6.3-7.6  cm.  belo\v  Poupart's  ligament 12  cases. 

116  cm.  beIo\v  Poupart' s  ligament i  čase. 

Essentially  similar  results  have  been  obtained  by  Srb  and  other  observers,  and  it  seeir  -^ 
evident  from  the  slatislics  ihal  the  origin  of  the  profunda  is  more  apt  to  be  above  than  beloi^  th«'"^   "^ 
point  taken  as  ihe  average. 

One  or  other  of  the  circumflex  arteries  may  arise  independentiv  from  the  femoral,  this  _.. 
dition  occurring  someuhat  more  frequently  in  the  čase  of  tne  tntenial  circumflex  than  in  that '  ^     ^ 

the  outer  one.  and  the  point  of  origin  of  the  in< 
Fig.  734.  pendent  vessel  mav  be  either  above  or  below 

Su    rficial  ^  ^^  ^^^  profunda.     \\'hen  it  is  the  interna!  cir< 

^^  circumflex  iliac— ^S  ^^^  uhich  is  the  independent  vessel,  its  origin  v        ^ 

~.w;  •  '"^^^  frequently  above  that  of  the  profunda;  or  pe^t'  '^' 

^"^SuSStric      ^^P^  ^^  would  be  more  correct  to  say  that  u*itn  a  ^^^f" 

inciependent  intemal  circumflex  the  origin  of  th-^^*^ 

profunda  is  apt  to  be  somewhat  below  the  t>picr-  -—■^l 

point.      With  a  high  origin  of  the  profunda,  th  -^'' 

^^       ^^  extemal  circumflex  may  be  represented  by  t^^-     ^ 

Extcrnai^^^^^^J^^^^^^j^^^^^j  vessels.  one  of  uhich   arises  from  the  protund^^^j 

iircumflex      while  the  accessor>-  one  springs  from  the  femora^^^^ 

louer  doun.      Occasionallv  both  circumflexes  ma_        -J 

^*i£ioratinK      ^"^  independently  from  the  femoral.  the  profundr      •■* 

in  such  cases  having  usually  a  low  origin,  and  on-^    ^* 

Middle  y^      •  ^B»  or  other  of  the  |)erforating  arteries  may  arise  " 

iierforatitiR:^  ^^B  ^^^  circumflexes.      An  extreme  čase  of  this  natui 

representing  an  almost  complete  dissociation  of  tl.^ 
.  ,    .        rf     t  ■  ^  profunda,  has  l>een  described  by  Ru^,  { Fig.  734  ' 

(profuncfiTfenSrisf 1   B  *"  which  the  superior  nerforating  anses  from  th 

intemal  circumflex  anci  the  middle  one  from  ti 
extemal  circumflex,  what  may  be  termed  the  , 
funda  arising  9.7   cm.    l)etow   Poupart's  ligamen         ' 
r»  i  I      .  I  .    1    ^;  .:^«        »iid  giving  oflF  onlv  the  inferior  perforating. 

Diairram  shovMiie  almost  comnlctc  dissociation  *%_,     ^.    ^  ,-'     .  «  i_         *^  ■_     ■- 

of  profunda  fcnioris.    KRugr^.  The  intemal  circumflex  may  be  ycry  mucr"^ 

reduced  in  size  or  even  absent,  its  territory  hmfiST 
supniird  l>y  brancht-s  from  the  t)l)turator  artery.     Occasionally,  although  rarely.  one  or  othcT' 
of  ihf  ptrforating  branches  arises  directlv  from  the  femoral.  and  a  similar  origin  has  aiso  heer» 
obsi-rvi-d  t<»r  tht-  drscending  branch  of  the  i'xtemal  circiimf1ex. 

6.   The  Muscular  Branches. — The  muscular  branches  (rami  mnsculares )  of 

the  femoral  artirv  are  rathcr  nununms  and  are  distributed  to  ali  the  musdes  U}x>n  the 
front  of  tlu-  thiii^h.  Tliev  are  variable  in  numl)er  and  position  and  do  not  call  for  any 
special  description. 
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7.  The  Anastomotica  Magna. — ^The  anastomotica  magna  (a.  K^nu  suprema; 
'ig.  733)  arises  from  the  femoral,  just  before  it  passes  through  theadductor  magnus. 
passes  ciownward  a  short  distance  in  front  of  the  adductor  magnus  and  divides  into 
•o  branches,  a  superficial  and  a  deep. 

Brmnches. — (<i)  The  superficial  branch  (ramus  sapbenus)  folIows  the  course  of  the  loii^ 
phenous  nerve  and,  perforating  with  it  the  crural  fascia,  is  supplied  lo  the  integiinieiit  over  the 
ler  side  of  the  knee  and  the  upper  portion  of  the  leg.  It  amistomoses  \vilh  the  inferior  in- 
Tial  articular  branch  of  the  popliteal,  then  entering  into  the  formation  of  the  circumpatellar 
astomosis 

{d)  The  deep  branch  (ramus  muiiculo-articularis)  enters  the  substance  of  the  vastus  intenuis 
d  passes  downward  to  take  part  in  the  formation  of  the  circumpatellar  plexus,  also  sending 
anches  to  the  capsule  of  the  knee-joint. 

Variations.— The  anastomotica  majpia  is  occasionalIy  given  off  from  the  upi>er  |X)rtion  of  the 
»pliteal  artery.  OccasionaIIy  it  is  continued  some  distance  do\vn  the  lej^  \vilh  the  lonj^  siiphe- 
•us  nerve,  representing  in  such  cases  more  t>erfectly  the  orieinal  s^iphenous  artery  ( pajje  849 ) ; 
this  vessel  may  be  indicated  by  a  series  of  anastomoses  which  accompany  the  ner\e  and  vein 
d  begin  with  the  superficial  branch  of  the  anastomotica. 

Anastomoses  of  the  Femoral  Artery. — In  the  čase  of  oblitenition  of  the 
temal  iliac  artery,  blood  may  reach  the  femoral  by  means  of  the  anastomoses  of  the 
ac  arteries  already  noted  (page  821),  and,  in  addition,  by  way  of  the  anjistomoses 
'tween  the  superficial  and  deep  epigastrics  and  bet\veen  the  superficial  circumflex 
ac  artery  and  the  deep  vessel  of  the  same  name  and  the  gluteal.  The  anastomoses 
tween  the  extemal  and  intemal  pudics  would  also  assist. 

If  the  obliteration  of  the  femoral  artery  be  above  the  origin  of  the  profunda 
noriš,  a  collateral  circulation  may  he  established  by  the  union  of  the  branches  of  that 
ssel  with  the  sciatic  in  the  crucial  aniistomosis  and  also  l>y  the  communication  exist- 
^  between  the  external  circumflex  and  the  gluteal  and  the  deep  circumflex  iliac. 

If  the  obliteration  be  belo\v  the  origin  of  the  profunda,  circulation  will  be  main- 
ined  through  the  anastomoses  around  the  knee-joint,  in  \vhich  the  descending 
anch  of  the  extemal  circumflex  and  the  terminal  portion  of  the  profunda,  on  the 
le  hand,  and  the  anastomotica  magna,  on  the  other,  participate. 

THE   POPLITEAL   ARTERV. 

The  popliteal  artery  (a.  poplitea)  (Fig.  736)  is  the  continuation  of  the  femoral, 
td  extends  from  the  F)oint  where  the  latter  pierces  the  adductor  magnus  to  the  lower 
>rder  of  the  popliteus  muscle,  where  it  divides  into  the  anterior  and  j)osterior  tibial 
teries.  Its  course  is  at  first  downward  and  slightly  outv/ard,  but  it  soon  becomes 
most  vertical,  corresponding  practically  with  the  long  axis  of  the  popliteal  space. 

Relations. — Anterior/v^  the  popliteal  artery  is  in  relation  to  the  posterior  sur- 
:e  of  the  lower  part  of  the  femur,  from  which  it  is  separated,  however,  by  a  layer 
adipose  tissue.  Lower  clown  it  rests  upon  the  posterior  ligament  of  the  knee-joint, 
id  stili  lower  upon  the  fascia  covering  the  posterior  surface  of  the  j)opliteus  muscle. 
7steriorfy,  it  is  somewhat  overlapped  in  the  upper  part  of  its  course  by  the  border  of 
e  semimembranosus,  and  below  by  the  inner  head  of  the  gastrbcnemius.  In  its  f)as- 
ge  through  the  popliteal  space.  however,  it  is  covered  only  by  the  integument  and 
Knae,  beneath  \vhich  is  a  considerable  amount  of  fatty  tissue.  About  the  middle  of  its 
urse  it  is  crossed  ohliquely  from  without  inward  by  the  intemal  p)opliteal  ner\'e,  and 
roughout  its  entire  length  it  has  resting  upon  and  firmly  adherent  to  it  the  popliteal 
in,  which  lies,  however,  slightly  to  its  outer  .side  above  and  to  its  inner  side  belo\v. 
ternalh,  it  is  in  relation  from  al>ove  down\vard  \vith  the  semimembranosus,  the 
temal  condvle  of  the  femur,  the  intemal  jK^pliteal  nerve,  and  the  inner  head  of  the 
atrocnemius,  and  r.vternallv  with  the  intemal  popliteal  nerve,  the  extemal  condyle 
the  femur,  the  outer  head  of  the  gastrocnemius,  and  the  j)lantaris. 

Branches. — The  branches  \vhich  arise  from  the  popliteal  arter\'  are  ali  small 
.d  may  l)e  arranged  in  thret*  groups  :   Ci)  muscnlar,  (2)  articular,  (3)  cutaneous. 

Variations.  The  ix>plitoal  art<.'ry  o<'rasi(>nally  divides  into  the  tibial  arteries  alnive  the 
per  border  of  the  p<»plittns  nuisoU-.and  more  rarelv  the  division  is  delaveil  imtil  the  artery 
s  reached  a  ix>int  al  most  half-way  down  the  lej? 
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Practical  Considerations. — The  popliteal  artery  is  rarcly  uounded  *^"- —  -  ■  -f 
of  its  protoclud  position  on  the  posterior  aspoct  of  the  liinb  and  m  ihe  hollovi-  oi  th  ^t—^k 
hani.  Its  upper  portion  is  overlapped  by  tht  oulcr  border  o(  the  seinimcmbrancKtUK..v.us 
niuacle,  and  its  lower  porlion  by  ihe  inner  head  of  the  gastrocnemius  ;  the  inters  — ^t- 
niediate  portion,  covered  only  by  skin,  fascia,  and  areolo-(atty  tissuc,  is  ^erj-  deepl  t  «zply 
placed  and  is  not  more  than  an  inch  in  length.  It  may  be  tom  in  1uxation  oi  th«^  jjjt 
knee,  or  uounded  in  fracture  of  the  lower  cnd  of  the  feniur,  or  during  ccrtain  operiE^— «Ta~ 
tions,  as  osteotoiny  of  the  femur  ior  genu  valgum.  Laceration  or  wound  of  th£«-C_hi< 
vessel  is  more  dangerous  than  a  corresponding  injury  lo  the  brachial  at  the  bend  »  J  ©I 
the  elbow,  because  o(  the  greater  proximity — in  the  casc  of  the  popliteal — of  tirt  :athe 
branches  on  which  the  chief  anastomotic  supply  depends  ;  and  because  of  tir-*  .^the 
unyielding  character  of  the  walls  of  ihe  space  in  which  the  effused  blood  is  rnnfrnrr*  — iij 
Aneurism  of  the  popliteal  artery  comes  nest  in  frequency  to  aneurism  of  ti— i  3he 
thoracic  aorta.  This  is  due  (a)  to  the  frequent  minor  strmina  occurring  durinr-s  ing 
flexion  and  extension  of  the  knee.  If  extrenie,  the  former  movemenl  bends  tr£_2h; 
artery  at  such  an  acute  angle  that  the  tlow  of  blood  through  it  is  airested  ar~^.«nd 

the    pressure    above    iIk— i  his 
Ku;.  735.  point    greatiy    increaseč^*— si ; 

and  the  latter  inay  ^  so 
stretch  the  vessel  lon^^^  ^gi- 
tudinally  that  if  itselastici  x  "=ity 
"""  isatalldiiiiinishedbyath^^  ^er- 
omatous  changes  the  ini^r~^ner 
and  middle  coats  a  .^rnre 
thinned  or  niptured,  (-  ."!IX^) 
The  lack  of  muscular  su  ^ — iip- 

port  which  the  artcry — si ^  ur- 

rounded  by  loose  celluK  -alar 

tissue — receivcs  aiso  favci^^ore 

<.         the  development  of  aneL    ^ir- 

"'         ism.      (f)Thearter>-iss^E^aid 

"■'        to  be  unusually  liable  to  aLi^Wli- 

eromatous    degcneratio         n. 

'r".T      (i')  Jt  divides  a  shortd: is- 

tance     below     into    t^^^o 

vessels,  thus  increasing  t^^^c 

nnie      blood -pressure    above    t^B* 

bifurcation.      (^)  Its  cour  ^si 

is    curved    (like    that      -^ 

the  aortic  arch),  and  hen^e:^ 

the  pressure  is  irr^ulaf^V' 

distributed.     (/)  T^e  te^ei- 

EHMtcion  of  riKhi  pdpii,™i  rcpon,  ,howi„g  dinous     opening     in     ifc— » 

reiaiioii  oi  vtHKis  aiui  iitrvra.  adductof  magnus,  throu^^sK 

which  the  vessel  runs,  co^^' 

Stricts  it  slightly  at  each  pulse-beat  and  tends — as  in  the  čase  of  the  abdominal  aor- ta 

beIow  the  hiatiis  aorticus — to  prodiice  .1  Httle  dilatation  below  that  levcl.     As  bp-^^h 
tliese  vessels  have  been  saiti  to  be  especially  weak  in   these   regions,    it  may  ^W* 

possible  that  some  triffinjj  biit  oft-rcpeated   interference   with    the   vaša   vasoni "> 

favors  (k'(;;cntrative  chanpes  by  slightly  diminishing  the  blood-supply  to  the  \-ess-s,r=el 
walls. 

Ani-iirisni  niay  occnr  suddeniv,  with  a  sensation  resembling  that  produced  b)-~~  * 
blovv  «ith  a  wliip.  li  niav  d.-v.-Inp  sl(iwly,  and.  if  it  takes  a  fonvard  direction.  Vi-  th 
svnipiiinis  ^iiiiiilatinu  rheiinialisin  on  acconnt  nI  the  pres-sure  upon  the  posterk.  or 
lij-anifht  iif  ihi-  kncv-joint — i.r..  diill  ]»ain,  stiffncss,  semi-flexion  of  the  knee,  inabils  «>' 
to  i\t<nd  tlii;  j.iint  frcilv.  If  it  devilops  in  the  ii[)posite  direction.  the  absence  <^ 
rcsiM.iuic  iMiiscs  tlii-  larlv  np[jcarance  of  a  iharatteristic  pulsating  tumor  with  hru-'l 
and  ihi-  iiMial  si),'ns  nf  ani-iirisin.  It  shonid  not  Ih;  condiscd  »'ith  an  enlar^cd  bursa 
tpa^e  647  1,  tlu-  ^^llljo(■^  of  transinitti-d  piilsation,  or  with  tumor  or  abscess  ovcrl/ii" 
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the  artery  and  similarly  influenced.  Ultimately  there  is  apt  to  be  oedema  of  the  leg 
from  interference  with  the  venous  circulation,  or  erosioii  of  the  posterior  lovver  sur- 
faice  of  the  femur,  or  great  pain  with  weakness  of  the  leg  from  pressure  on  the  inter- 
nal  popliteal  ncrve,  or  even  moist  gangrene  if  the  aneurism  has  leaked  or  burst  and 
the  venous  current  has  been  cut  of!  by  the  pressure  of  the  effused  blood  confined  for 
a  tirne  within  narrow  limits  and  under  great  pressure  by  the  fascia  of  the  region 
(page  646). 

Compression  of  the  popliteal  may  be  ef!ected  direcdy  at  its  upper  end  by  pres- 
sure forward,  so  that  it  is  flattened  out  against  the  femur,  only  a  little  fatty  connective 
tissue  intervening.  It  is  almost  impossible,  however,  to  avoid  including  the  thick- 
wa]led  vein  which  is  nearer  the  surface  and  very  closely  attached  to  the  artery. 
Compression  is  therefore  almost  invariably  applied  to  the  common  femoral  (page 
824).  On  account  of  the  shortness  of  the  popliteal — and  the  consequent  proximity 
of  a  ligature  to  the  diseased  portion,  if  the  vessel  itself  is  tied — the  superiicial  femorjJ 
at  the  point  of  election — the  apex  of  Scarpa's  triangle — is  usually  selected  for  liga- 
tion  when  that  becomes  necessary. 

Ligation  of  the  popliteal  artery  is  effected  at  either  :  (i)  its  upper,  or  T 2)  its 
lower  third,  the  depth  of  the  middle  portion  and  the  density  of  the  lateral  fascial 
border  of  the  space  in  which  it  lies  rendering  it  unsuitable  for  operation. 

1.  The  patient  being  prone  with  the  leg  extended,  an  incision  is  made  along  the 
extemal  border  of  the  semimembranosus  muscle,  beginning  at  the  junction  of  the 
middle  and  lower  thirds  of  thie  thigh.  The  skin  and  fascia  and  some  fatty  tissue 
having  been  divided,  the  muscle  is  drawn  inward,  and  the  vessel  will  be  found  with 
the  internal  popliteal  ner\'e  extemal  to  it  and  much  more  superficial,  and  the  vein 
external  and  behind  it, — i.e.,  nearer  the  surface  of  the  popliteal  space — and  closely 
adherent.     The  needle  is  passed  from  without  inward. 

2.  An  incision  is  made  beginning  opposite  the  line  of  the  articulation  a  little 
extemal  to  the  middle  of  the  popliteal  space.  the  inner  head  of  the  gastrocnemius 
being  slighdy  larger  than  the  outer  head.  The  external  saphenous  vein  lying  in  the 
superficial  fascia  is  dravvn  to  one  side,  the  fascia  is  divided,  and  the  two  heads  of  the 
gastrocnemius  are  exposed  and  separated  with  the  finger,  the  knee  being  a  little 
flexed  so  as  to  relax  them.  At  the  bottom  of  the  inter\'al  !)etween  them  will  be  found 
the  nerve  and  vein  lying  to  the  inner  side  of  the  artery  and  somewhat  superficial  to  it. 
The  needle  is  passed  from  within  outward. 

The  collateral  circulation  is  carried  on  from  above  the  ligature  by  means  of  (a) 
the  superior  articulars  ;  {b)  the  anastomotica  magna  ;  fr)  the  descending  branch  of 
the  extemal  circumflex  and  the  terminal  portion  of  the  profunda  anastomosing 
respectively  with  («)  the  inferior  articulars  ;  (^)  the  tibial  recurrent  ;  and  (f)  the 
superior  fibular  and  branches  of  the  popliteal.  The  rete  patellae  takes  part  in  this 
anastomosis. 

1.  The  Muscular  Branches. — These  (Fig.  736)  arearranged  in  two  groups, 
and  are  supplied  to  the  muscles  which  bound  the  iK)pliteal  space.  The  superior  group 
consists  of  a  variable  nuinber  of  small  vessels  which  pass  to  the  biceps,  semimembra- 
nosus, and  semitendinosus,  while  the  inferior  group  is  composed  of  some  small 
branches  which  pass  to  the  popliteus  muscle,  and  t\vo  larger  vessels,  the  largest  of  ali 
the  vessels  which  arise  from  the  popliteal,  which  pass  respecti\'ely  to  the  inner  and 
outer  heads  of  the  gastrocnemius,  and  are  termed  the  sura/  arieries  (aa.  snralcs). 
They  arise  just  as  the  popliteal  is  passing  l>eneath  the  inner  head  of  the  gastrocnemius. 

2.  The  Articular  Branches. — These  (Fig.  736)  are  five  in  number,  four 
being  arranged  in  pairs,  t\vo  above  and  two  below,  while  the  fifth  is  unpaired  or 
azygos.  The  paired  branches  wind  around  the  femur  and  the  capsule  of  the  knee- 
joinf  towards  the  front,  \vhere  they  anastomose  with  one  another  and  with  adjacent 
vessels  to  form  a  rich  circumpatellar  anastomosis.  Thev  give  of!  branches  to  the 
capsule  of  the  knce-Joint  and  also  to  the  neighboring  muscles. 

{a  and  b)  Tlie  internal  and  extemal  superior  articular  branches  (aa.  f^ena  saperior  medlalis 
ct  lateralis)  arise  op|X)sitt'  i-ach  othtT  and  pass  transvcrsely  alH>vf  the  conresponding  heads  of  the 
gastrocnemius.     The  extema!  one  then  passes  l)eneath  the  biceps  and  wincLs  around  the  femur 
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above  its  external  condyle,  embedded  in  the  substance  of  the  vastus  extemus,  dividing;  finally 
into  branches  which  take  part  in  the  formation  of  the  circunipatellar  anastomos^s.  The  termi- 
nation  of  the  intemal  branch  is  similar.  and  its  course  is  beneath  the  semimembranosus  and 
through  the  tendon  of  the  adductor  nia^us  into  the  substance  of  the  vastus  intemus. 

(r)  The  intemal  inferior  articular  branch  (a.  genu  inferior  medialiH)  arises  about  opposite 
or  a  little  above  the  line  of  the  tibio-fenioral  articulation  and  courses  downward  and  inuard 
over  the  surface  of  the  ix)pliteal  niuscle,  lx'nealh  the  inner  head  of  the  KJistrocneniius.  It  |>assi-s.^=»>  —  ^ 
l)eneath  the  internal  lateral  li^.'unent  of  the  knee-joint  and  winds  around  the  tuberosily  of  the-rL-^^-ic- 
tibia  to  join  the  circunipatellar  anastomosis. 

{d  )  The  extemal  inferior  articular  branch  (a.  genu  inferior  lateralis )  anses a  little  lower  dou-nr-v  -.^a-n 
than  its  fellovv  and  passes  alniost  transvcrsely  outvvard,  at  first  beneath  the  extemal  head  of  the:^  r-M  he 
Kastrocnemius  and  the  plantaris,  and  uinds  around  the  (Hiter  tuberosity  of  the  tibia,  U-neathf  ^^iih 
the  long  intemal  lateral  ligament  K^i  the  knee-joint,  to  join  the  circunipatellar  anastomosis. 

(e)  The  suEygo8  articular  branch  (a.  genu  media )  is  the  sni.illest  of  ali  the  articular  branches.  ^=^—.1^  es. 
It  arises  either  from  the  anterior  surtace  of  the  iK>pliteal  or  froni  the  extemal  superior  articular  *  i  I"  ilar 
branch,  and  pierces  the  ix)sterior  ligament  of  the  knee-joint  to  Ik*  distributed  to  the  cmciiil  W  m  s.  iial, 
mucous,  and  alar  ligaments. 

The  circunipatellar  anastomosis  (rctc  patcllae)  (Fig.  732)  is  a  rich  net-uorl-f-i^jrk 
of  vessels  which  occurs  in  the  superficial  fascia  surroiinding  the  patella,  and  from  whichC  -o  «ich 
branches  are  sent  to  the  patella,  the  capsule  of  the  knee-joint,  and  the  neighhorinju^. «"'«  *"K 
muscles.  The  follo\ving  \'essels  take  part  in  its  fomiation.  F^rom  above,  the  anasto  <:  :>  -^  to- 
motica  magna  from  the  femoral  and  the  descending  branch  of  theextemal  circumflex  a*^-^x; 
from  the  sides,  the  internal  and  external  superior  and  the  internal  and  extemal  inferioi  *"  ^  ■^or 
articular  branches  of  the  popliteal  and  the  niuscular  branches  of  the  same  artery  ;  anc^  .c^  nd 
from  below,  the  anterior  tibial  recurrent. 

3.  The  Cutaneous  Branches. — These  are  variable  in  origin  and  number  ano^"^  nd 
are  distributed  to  the  integimient  covering  the  popliteal  space  and  the  upper  part  cx  :^  of 
the  calf  of  the  leg.  One  of  them  occasionally  attains  a  considerable  size  and  isi  is 
termed  the  posterior  saphnious  artery.  It  accompanies  the  short  saphenous  veii  ~  '~ 
down  the  back  of  the  crus,  sending  oflf  branches  to  the  adjacent  integument. 

The   Collateral    Circulation  of  the   Popliteal  Arterjr. — The  passage 
blood  to  the  leg  after  ligation  of  the  popliteal  artery  is  effected  by  means  of  the  ricV 
anastomosis  which  exists  around  the  knee-joint,  and  in  \vhich  the  branches  of  th^ 
popliteal  take  part.      In  addition  to  these,  houever,  it  also  receives  from  above  th^ 
anastomotica  magna,   the  descending  branch  of  the  external  circumfiex,   and  th^ 
terminal  p)ortion  of  the  profunda  arterv,  ubile  there  pass  to  it  from  below  the  superio 
fibular  and  the  anterior  and  posterior  tibial  recurrent  arteries. 

THE   POSTERIOR   TIBIAL   ARTP:RY. 

The  posterior  tibial  arterv  (a.  tibialis  posterior)  (Fig.  736)  is  the  direct  con 
tinnation  of  the  popliteal  down  the  posterior  surface  of  the  leg.  It  begins  at  th 
bifurcation  of  the  popliteal  at  the  lo\ver  border  of  the  popliteus  muscle  and 
almost  verticallv  down\var(l,  under  cover  of  the  more  superficial  muscles  of  the  calf 
to  the  groove  hetween  the  inner  malleolus  and  the  os  calcis,  where,  opposite  the  ti| 
of  the  malleolus,  it  terminates  by  dividing  into  the  internal  and  extemal  planta 
arteries.  Its  course  mav  bt?  indicated  by  a  line  (lrawn  from  the  centre  of  the  popli 
teal  space  to  a  point  nudway  lH'tween  the  inner  malleolus  and  the  os  calcis. 

Relations. — Anterioriv,  the  artery  rc^sts  in  succession,  from  above  downward 
upon  the  tibialis  posticus.  the  flexor  longus   digitorimi,  the  |X)sterior  surface  of  th 
louer  f)art  of  the  tibia,  and  the  intemal  lateral    ligament  of  the  ankle-joint.      It  i 
dosclv  l:K)und  (lown  to  the  nuiscles  upon  whicb  it  rests  by  the  layer  of  the  deep 
\vhich  covers  them,  the  thickness  and  density  of  this  fascia  increasing  towards  ther 
l()\vcr  part  of  the  leg.      Postcriorl\\  it  is  covered   by  the  soleus  and  gastrocnenliu&' 
throughout  the  greater  part  of  its  course,  but  in  the  lower  third  of  the  leg  it  is  super- 
ficial, hcing  covered  onlv  by  the  skin  and  fascia*,  except  just  before  its  termination, 
\vhcre  it  lies  beneath  the  internal  annular  ligament  and   the  origin  of  the  abductor 
halhicis.      A  shorl  distancc  1h'1o\v  its   comniencement  it  is  crossed  ohliquely.  from 
\vitliin  outuard.  hy  tht-  j^osterior  tibial  nerve.      I)iternall\\  it    is  in   relation  with  the 
|)ostfrior  tibial  lurve  for  a  short  distance  above,  and    in   the  malleolar  groove  it  has 
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I.  The  artery  is  best  approacheci  from  the  inner  side  of  ihe  leg.  The  leg  beiiig 
flexed,  the  hmb  is  laid  on  its  outer  side,  and  an  incision  three  and  a  half  or  fuur  Inches 
in    len|^h   is  made  along  the  inner  .. 

mai^n  of  the  tibia,  beginning  two 
and  a  half  inches  from  the  upper  end  of 
that  bone.  The  skin  being  divided, 
čare  must  be  exercised  in  opening 
the  superficial  fascia  not  to  injure  the 
interna)  saphenous  vein  or  nerve,  both 
o(  which  lie  directl/  in  the  track  of  the 
wound.  These  stmctures  being  dis- 
placed.  the  deep  fascia  must  be  slit  up 
to  the  (ull  extent  of  the  incision.  It 
should  also  be  cut  transversely.  so  as 
to  allow  a  freer  access  lo  the  interrnus- 
cular  parts.  The  ne.tt  step  consists 
in  detaching  the  origin  of  the  soleus 
muscle  from  the  tibia.  It  is  at  this 
stage  of  the  operation  that  one  of  two 
crrors  is  often  cominitted. — the  inter- 
muscular  space  betiveen  the  inner 
head  of  the  gastrocncniins  and  the 
soleus  muscle  is  opened,  or  al!  the 
muscular  tissue  is  separated  from  the 
bone,  the  tibialis  pnsticus  muscle  be- 
ing raised  along  with  the  5oleus. 
The  first  mistake  leads  the  operator 
above  the  vessel  and  the  second  leads 
him  undemeath.  There  is,  however, 
a  guide  which  witl  affonl  important  Diucctionoi 

assistance.      If    the  soleus   has  been      "[^^'iri*'"!-*™ 
proper]y   detached    and    raised.    its 
under  surface  will  present  a  »hite,   shining  sheet 
K.G.  738. 


bark  of  H^hl  Ick.  i1 


t  vid   u(^ 


•f  teiidinous  material,  beneath 
which  will  be  seen  a 
laver  of  fascia  (inter- 
miisciilar )  covering  the 
tibialis  posticus  muscle. 
If  search  Ls  now  made 
externally  and  toivards 
the  middle  of  the  leg. 
ihe  arttTy  will  be  fotmd 
covered  by  the  inter- 
nniscular  fascia.  the 
ner\'e  Ivinjj  to  its  outer 
side.  Afler  the  vessel 
has  lieen  separated 
from  the  invi-stinj^  con- 
nective  tissue  an<l  the 
accompanving  veins, 
the  needle  nnist  lx- 
passid  from  without 
inward  (Agnew,. 

2.  At  Ihe  middle 
third  the  arterv  is 
riMchi'.!  through  an 
incision  jiarallel  with 
the  inner  edjje  of  the 


iding  the  s;iphe 
H-ith    ils    (ihres    running    transven^eU 


[■.  the 
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ol  the  posierior  tibial  and  (»croneal  cunimunicating  branehes.  Coiiversely,  when  thelo«er  por- 
tion  o(  the  puiiKrior  libia)  is  naiiting.  it  may  be  replacod  by  the  pcroneal,  which  Ihen  gives  rise 
to  the  planlar  arteries.  Uccasional^'  the  perotieal  is  larger  than  usual,  and  may  ^ve  origin  to 
the  anierior  tibial  artery,  and  it  may  give  off  the  nutrient  nrtery  for  the  tibia. 

The  anterior  peroneal  ar(ery  is  sometimes  a1)sent,  but  more  frequently  it  is  larger  than 
usual  and  inosculatcs  wilh  the  anterior  tibial.  Occasionally  the  lower  portion  of  Ihis  latter  ves- 
sel  is  »antinK,  and  the  anterior  peroneal  may  then  take  its  plače,  being  rontinued  downward 
upon  the  dursum  uE  the  fuol  as  the  dorsalis  pedis  and  giving  off  the  hranches  which  normallv 
arise  from  that  vessel. 

3.  The  Comniunicating Artery. — Thecommunicatin(rartery(r.cominuaicans) 
(Fig.  736)  estends  transversely' outvvardacross  the  posteriorsurfaceof  the  tibia,  beneath 
the  tendon  of  the  flexor 

longus  hallucis  and  the  ^''C-  p^- 

tendo  Achillis,  and  an- 
astomoses  with  the 
comniunicating  branch 
of  the  peroneal. 

4.  The  Internal 
Halleolar  Artery. — 
The  internal  malleotiir 
artery  (a.  malleolaris 
posteriormedialis)'Fi)^. 
740)  passes  directlj-  in- 
ward,  beneath  the  ten- 
dons  of  the  flexor 
lon^s  digitorum  and 
tibiatis  posticus,  to 
raiT)ify  over  the  internal 
surface  of  the  iniier 
malleolus.  anastomos- 
ing  with  the  internal 
malleolar  branch  of  the 
anterior  tibial  artery. 

5.  The  Internal 
Calcaneal  Artery.— 
The  internal  calcaneal 
artcry  (ramus  calcand 
medialis)  (Fig.  736) 
arises  from  the  ]ower 
part  of  the  posterinr 
tibial.  just  before  it 
diiides  in  to  the  two 
plantar  vesscls.  It  is 
trequently  represenleti 
by  sevenil  hranches 
which  descend  alonn 
the  inner  side  of  the 
tuberosity  oi  the  os  eaJcis,  sitpphinjr  the  nc-ij;hborinn  parts  ()f  the  integiiment  and 
anastomosing  wilh  br;iiiches  of  the  internal  malleolar  and  ]x»storior  peroneal  arteries. 

6.  The  Internal  Plantar  Artery, — The  internal  plantar  artery  (a.  plantaris 
mcilialis)  (  Fig.  740)  is  the  sinaller  of  the  two  terminal  branches  of  the  pasterior  tibial. 
It  arises  in  the  groove  between  ihe  internal  malleolus  and  the  os  cnlcis  and  isdirected 


at  first  ^\^J\ 
along  the 
digitonnn.  lennin 
with  one  <ir  othc 
great  toe. 

BMnches.— In 
(leKor  hrt-\i';  ilij;it<ir 
and  arfifular  hrani: 


rd  and  for\vard,  nnder  cover  of  the  aMticlor  halhiois,  and  then  forward 
rdor  of  the  fiiot,  betneen  the  abductor  hallucis  and  the  flesor  brevis 
iting  oppnsite  tho  head  of  the  first  metatarsal  bone  hy  ana,stomosing 
r  of   the  two  branches  distributed    to  the    plantar  surfacc    of  the 

its  coursf  it  Ki\*ts  iiR  muacular  hramhes  to  the  abductor  hallucis  and  the 
um,  rutoHi-ous  hranches  to  iho  inteKument  "ver  the  inner  tvirder  o(  the  foot, 
i<M  tli  tliL'  ncinhliiirinK  tarsal  joinls.     In  additiiin,  it  usually  Rives  off  near  its 
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origin  a  larger  branch,  the  anasiomoiic  branch,  which  passes  beneath  the  abductor  hallucis  to 
gain  the  upper  border  of  that  muscle,  along  which  it  courses  forward,  giving  off  numcrous 
branches  to  the  abductor  and  the  adjacent  integument  and  anastomosing  with  the  tarsal  and 
metatarsal  branches  of  the  dorsalis  pedis.  More  distally  it  gives  off  from  its  outer  surface  a 
varying  number  of  slender  superficial  digital  branches,  which  pass  obliquely  forward  and  out- 
ward  across  the  šole  of  the  foot  to  anastomose  with  one  or  more  of  the  plantar  interosseous 
branches  from  the  plantar  arch. 

Variations. — Occasionally  the  superficial  digital  branches  of  the  interna!  plantar  arise  from 
a  common  stem  which  anastomoses  with  a  brancn  from  the  extemal  plantar  to  form  a  superfi- 
cial plantar  arch  beneath  the  superficiai  fascia.  This  is  the  equivalent  of  the  superficial  p^mar 
arch  of  the  hand. 

7.  The  £xternal  Plantar  Artcrjr. — ^The  external  plantar  artery  (a.  plantarift 
lateralis)  (Fig.  740)  is  the  larger  of  the  terminal  branches  of  the  posterior  tibial.  It 
passes  fonvard  and  outward  across  the  šole  of  the  foot,  at  first  between  the  flexor 
brevis  digitorum  and  the  flexor  accessorius,  and  then  in  the  interval  between  the  flexor 
brevis  digitorum  and  the  abductor  minimi  digiti.  Opposite  the  base  of  the  fifth  meta- 
tarsal bone  it  turns  somewhat  abruptly  inward  and  again  crosses  the  šole  of  the  foot. 
forming  the  plantar  arch  (arcus  plantaris),  which  terminates  at  the  proximal  end  of 
the  first  intermetatarsal  space  by  uniting  with  the  communicating  branch  from  the 
dorsalis  pedis. 

Relations. — In  the  first  part  of  its  course  the  external  plantar  lies  beneath  the 
abductor  hallucis  and  the  fiexor  brevis  digitorum,  but  as  it  approaches  the  fifth  meta- 
tarsal it  becomes  more  superficial,  being  covered  only  by  the  skin  and  the  superficial 
and  plantar  fascia?.  It  rests  upon  the  fiexor  accessorius  and  the  flexor  brevis  minimi 
digiti,  and  is  accompanied  by  the  extemal  plantar  nerve. 

The  plantar  arch,  on  the  contrary,  occupies  a  much  deeper  position.  It  passes 
beneath  the  tendons  of  the  fiexor  longiis  digitorum,  the  lumbricales,  and  the  oblique 
portion  of  the  adductor  hallucis,  resting  upon  the  proximal  ends  of  the  second,  third, 
and  fourth  metatarsals  and  upon  the  interosseous  muscles  which  occur  bet\i'een  those 
bones. 

Branches. — The  extemal  plantar  artery  gives  rise  to  (a)  numerous  muscular  tnanches 
which  supply  the  various  muscles  of  the  plantar  surface  of  the  foot,  and  in  its  first  part  to 

{b)  Cutaneous  branches  which  supply  the  skin  over  the  šole  and  outer  border  of  the  foot, 
some  of  them  forming  anastomoses  \vith  branches  of  the  tarsal  and  metatarsal  branches  of  the 
dorsalis  pedis.     In  addition,  there  are  given  oflF  from  the  first  portion  of  the  artery — 

(r)  Calcaneal  branches,  one  or  more  in  number,  which  arise  near  the  commencement  of 
the  extemal  plantar  and  ramify  over  the  inner  surface  of  the  os  calcis,  anastomosing  with  the 
intemal  calcaneal  branches  of  the  posterior  tibial. 

From  the  plantar  arch  a  number  of  vessels  are  given  off. 

( d )  The  articulating  branches  are  given  off  from  the  posterior  or  concave  surface  of  the 
arch  and  supply  the  tarsal  articulations. 

{e)  The  posterior  perforating  branches,  four  in  number,  arise  either  from  the  plantar  arch 
or  from  the  plantar  digital  branches  of  the  fourth  intermetatarsal  space.  They  ascend  in  the 
intermetarsal  spaces  between  the  heads  of  the  dorsal  interosseous  muscles  and  terminate  by  inos- 
culating  \vith  the  first,  second,  and  third  dorsal  interosseous  arteries.  The  branch  which  passes 
through  the  first  intermetatarsal  space  is  much  larger  Ihan  the  rest  and  inosculates  with  the  dor- 
salis j>edis  arter>' ;  it  is  sometimes  regarded  as  the  terminal  !)ranch  of  that  vessel. 

(/)  The  plantar  interosseous  arteries  (aa.  metatarMe  plantares)  are  five  in  number,  and  art- 
usually  numbcred  in  succession  from  the  outer  side  of  the  foot  inward. — that  is  to  sav,  in  the 
opposite  direction  to  the  intermetatarsal  spaces  in  which  thev  lie.  The  first  arises  just  where 
thi"  external  plantar  arter\'  is  bending  inuard  to  form  the  plantar  arch  and  passes  foruard 
along  the  inner  lxirder  of  the  abductor  minimi  digiti.  later  crossingover  the  flexor  brevis  minimi 
digiti  tn  reach  the  outer  surface  of  the  little  toe,  along  \vhich  it  nms. 

Tlu'  sccoftd,  third,  and  fourth  plantar  interosseous  arteries  arise  in  succession  from  the 
plantar  arch  as  it  crosses  the  fourth.  third.  and  second  intermetatarsal  spaces,  and  pass  for^ard. 
rrstin^  upon  the  interosseous  muscles  and  c<n'ered  by  the  tendons  of  the  flexorlongus  digitorum 
and  tlie  lunibriralt-s.  and  more  distallv  In'  the  transverse  adductor  of  the  great  toe.  Just  before 
narhini:  the  line  of  the  metatarso-phalangeal  articulations  each  arter>'  gives  off  an  anteriar  per- 
fnratinv:  branch,  \vhich  |)asses  dorsallv  to  communicate  \vith  the  corresponding  dorsal  interos- 
seous arterv.  and  then  divides  into  t\vo  plantar  dif^ital  branches,  which  pass  onward  upon  the 
adjacent  sides  of  neighboring  digits. 
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The^/AplantarinterosseousaneiT  is  considerablv  larger  than  the  others,  and  arises  froni 
Ibe  inner  end  of  the  plantar  arch,  opposite  the  communicating  branch  which  passes  bet«een  the 
plantar  arch  and  the  dorsalis  pedis.  It  nins  forward  at  first  along  ihe  first  intcrmetatareal  space 
and  then  upon  the  firsl  meCatarsal  bone,  and  gives  oS  a  difptal  branch  which  passes  to  the  inner 
surface  of  the  great  toe  and  continues  on  towaids  the  metatarso-phalangea)  joint  of  ihat  digit, 
Beiore  reaching  this,  however,  it  gives  off  an  anlerior  perfuraling  branch  and  Ihen  divides  into 
lwo  plantar  digital  branches,  which  supply  respeclively  the  inner  side  of  the  second  and  the 
outer  side  of  the  great  toe. 

Since  the  conimunicating  branch  which  traverses  the  first  intermelatarsal  space  is  sonie- 
■imes  regarded  as  the  lemiinal  portion  of  the  dorsalis  pedis  artery,  and  the  fifth  plantar  inter- 
osseous  arteo'  seenis  to  be,  upon  such  a  view,  the  branch  of  Ihe  communicaiing  vessel,  the  fifth 
plantar  has  been  de- 


scribed  as  a  branch  of 
Ihe  dorsalis  pedis  ar- 
tety,  under  the  name  of 
the  a.  princffis  fial/ucis. 
There  can  be  no  doubt, 
however,  that  both  the 
communicating  and 
the  princeps  are  equiv- 
alent  to  the  other  pos- 
terior  perforating  and 
plantar   interosseous 


Fig. 


Variationa.— The 
extema]  plantar  artep- 
may  be  (juite  sniall,  in 
which  čase  the  plantar 
arch  seenis  tu  be  a 
continuation  from  the 
anterior  tibial  arterj- 
through  the  posterior 
perforatinK  branch  of 
the  lirsE  intennetatar- 
sal  ^>ace.  The  arch 
b  occasionaIIy  douhle. 
oving  to  iLs  division 
at  its  origin  into  tuo 
stetns  nrhich  reunite 
opposite  the  ^rst  inler- 
metatarsal  space.  The 
firsi  plantar  interosse- 
ous  niay  arise  b>-  a 
common  slein  »'tth'lhe 
second.    and,     con- 

of  the  plantar  diKital 
branches  mav  lia\'e  an 
independent  orij;in 
(rom  the  arch, 

Anastomoses 
of  the  Posterior 
Tibial  Artery. — A 
colinteral  circitlution 

for  the  [)ostfric)r  tihial  afti-r  interruption  of  that  ' 
peroneal  mav  rtadilv  lx,'  •.•st^iblishetl  ihrou^h  the  -■ 
form  with  thosc  cif  tht'  (Krmncal  and  thosc  of  the  anlerior  tibial,  The  anasto- 
inoses  with  (he  jicn  iiieal  are  lx.'tween  the  comrnimicatinj;  t)ranche8  of  the  twi> 
arteries,  iK-tvveeri  tlie  anterior  |XToneal  an<i  the  esternal  plantar.  and  l>etween  the 
|x»steri<)r  iK-mneal  and  the  internal  calcaneal,  With  the  anterior  tibial  arterv  there 
is  comnninication  ihrniij;h  the  inalleolar  branches  of  the  t\vo  artorii.^s.  throujih  the 
anastnmntic  liranch  of  the  e\temal  plaaiar  and  the  tnrsal  and  metatarsal  branches 
of  the  (l(>rs;dis  pedis,  and  throuj^h  ihe  union  of  ant<'rinr  and  posleriur  pertnratinj; 
branchis  nf  the  plantar  arch  and  the  plantar  interosseous  arteries  »ith  the  dorsalis 
pe<iisandd..rsalinlernsseie. 


,  <A  pbnu,! 


t  u<  ri^hl  loM:  I 


^sel  beloi*-    ihe   ori);in    o(    the 
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iarely  thesubject  o!  aneurism.  Lisation  may  be  doncat  (  1)  the  upper;  (2)  thc  middie; 
or  ( 3 )  the  lowt;r  third.  The  line  of  the  artery  is  froiii  a  |»oint  iiiidway  belween  the  exter- 
nal  tibial  tuberosityand 
the  head  of  the  Abula  to 
the  middle  of  theanteri- 
or  intermalicolar  space. 
I.  When  throiigh 
an  incision  made  a  t 
this  line  the  deep  fascia 
is  reached  and  divided, 
the  interspace  in  which 
the  artery  Ues  should 
be  sought  for.  It  is 
that  between  the  tibi- 
alis  anticus  and  thc 
extensor  longus  digi- 
torum.  is  the  only  in- 
t«Tnuscular  interstice 
in  the  upper  anterior 
tibial  region,  is  ahoiit 
an  inch  or  an  inch  and 
a  qiiarter  external  to 
the  tibial  crest,  and  .1 
halt  to  three-qiiarter5 
of  an  inch  internal  to 
the  septum  which  di- 
vides  the  extensor  lon- 
gus from  the  peroneus 
longus.  This  septum 
is  often  marked  by  a 
white  line  viaible  before 
the  deep  fascia  is  di- 
vided ,  or  it  mav  be 
rect^fnized  by  slipping 
a  director  oiittt'ard  be- 
neath  the  aponeurosis 
until  its  point  is  firmi/ 
arrested,  The  inter- 
space containing  the 
anterior  tibial  arterv 
will  then  l>e  internal  to 
this  and  can  be  felt  as 
a  line  of  lesseiied  resist- 
ance  when  thc  fort- 
fingeris  pressed  lenirth 
wise  along  the  musclt^s 
(Treves).  On  ttu- 
other  hand,  thc  apon- 


the 


tween 
and  thc 
external  to  the  inter- 
space sought  [or  — 
resisls  and  vibralis 
under  the  |«iiiH  of  ihe 
directfir  or  tlic  fcm- 
finger  t  Karal  n 


the  bottoi 
membrane  t 


.f  Ihc 


■rspace  the  arterv  will  be  found  King  upon  the  interoaseous 
r  side  of  the  tibia  and  with  thc  ner\'e  extvrnal  to  it 
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THE  DORSAL  ARTERV. 


THE  DORSAL  ARTERV  OF  THE  FOOT. 

The  dorsal  artery  o!  the  foot  (a,  dorsalis  pedis)  (Fig.  743)  is  ihe  continuation  of 
the  anterior  tibial  beyond  the  ankle-joint.  It  extends  to  the  proxinial  portion  of  the 
firet  intermetatarsal  space,  where  it  receives  the  large  fourth  porforating  br.inch  of  the 
plantar  arch,  and  is  thence  continued  forward  along  the  intermetatarsal  space  as  the 
3.  dorsalis  hallucis. 

Relations. — The  dorsalis  pedis  is  covered  in  the  proximaI  portion  of  its  course  by 
the  anterior  annular  ligament,  and  is  crossed  just  before  it  reachcs  the  intermetatarsal 
space  by  the  tendon  of  the  exteiisor  bre\is  digitorum  which  passes  to  the  great  toe.  It 
rests  successively  upon 

the  anterior  ligament  of  ^""  '^^^• 

the  ankle-joint,  the  head 
of  the  astragalus,  the- 
astr^^o-scaphoid  liga- 
ment, the  dorsal  surface 
of  the  scaphoid  bone,  the 
dorsal  scapho-cuneiform 
ligament,  and  the  in- 
teren neiform  ligamenis 
which  extend  between 
the  middle  and  interna! 
cuneiform  bones.  E.c- 
lemally  it  is  separated 
from  the  innermost  ten- 
don of  the  extensor  lon- 
gus  digitorum  and  from 
the  extensor  brevis  digi- 
torum by  the  inner  termi- 
nal branch  of  the  anterior 
tibial  nerve.  and  inter- 
nally  it  is  in  relation  wilh 
the  tendon  of  the  exten- 
3or  halluds  proprius. 

Branches.  —  In 
addition  to  numerous  cu- 
taneous  branehes  to  the 
skin  of  the  dorsum  of 
the  foot  and  mitscular 
branches  to  the  cxtensor 
iM-evis  digitorum,  the 
dorsalis  pedis  gives  rise 
to  the  foilowing  vessels. 

1.  The  internal 
tarsal  branches  (aa. 
tarseae  medlale);)  are  <ine 
or  more  sinall  vessels  which  p;iss  over  the  outer  border  of  the  foot.  suppiying  the 
integument  and  ihe  tarsal  articulations  and  anastomosing  with  the  intemal  malleolai 
and  internal  plantar  arteries. 

2.  The  external  tarsal  branch  (a.  tarsea  lateralis)  arises  opposite  the  head 
of  the  aslragalus  and  passes  outvard  and  forward  over  the  scaphoid  and  cuboid 
bones,  under  co\'er  of  the  extensor  brevis  digitorum.  It  gives  branches  to  that 
muscle,  to  the  skin,  and  to  the  tarsal  articulations.  and  anastomoses  with  the  extemal 
malleolus  and  anterior  peroneal  arteries  above,  with  the  external  plantar  laterally,  and 
with  the  mctaiarsal  below. 

3.  The  metatarsal  branch  (a.  arcuata)  arises  over  the  internal  cuneiform  bone 
and  is  dirccled  at  lirst  laterally  forward  and  then  laterally  over  the  bases  of  the  four 
outer  metatarsal  l>i>nes  and  beneath  the  tenduns  of  the  extensor  longus  and  e 
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bfir.ia  di^lorum.  It  thus  forms  an  arch  upon  the  dorsal  surface  of  the  foot  corrcs- 
pfjrAin^  in  pKrsition  with  the  plantar  arch  below.  It  anastomoses  laterallv  with  the 
e.Ttemal  tarsal  and  with  the  extemal  plantar,  and  opposite  each  of  the  intemietatarsal 
spaces  uhich  it  passes — the  second.  third  and  fourth — gives  off  a  dorsal  interosse- 
ous  artery  'a.  metatarsea  dorsalisj. 

Each  <ti  these  passes  fon^ard  alon^  its  intermetatarsal  space,  and,  imniediately 
Ir^onfl  its  orij^n,  gives  off  tl posterior perforating  branch  which  communicates  directly 
with  the  rorresi^jnding  posterior  perforating  branch  of  the  plantar  arch.  At  the  distal 
*zx\i\  of  its  intermetatarsal  s|>ace  each  arter}-  gives  off  an  anterior  perforating  branch 
uhich  iinites  \vith  the  similar  branch  of  the  corresponding  plantar  interosseous,  and 
then  fli\'ides  into  two  dorsal  digital  branches  (  aa.  digitalcs  dorsales)  which  pass  along 
the  adjacent  surfaces  of  two  neighboring  digits  and  anastomose  with  one  another  and 
with  the  plantar  digital  branches. 

4.  The  dorsal  interosseous  branch  of  the  first  intermetatarsal  space 
ap[x.-ars  to  \ni  the  condnuation  of  the  dorsalis  pedLs,  and  is  usually  termed 
the  a.  dorsalis  hallucis.  Its  course  is  exactlv  similar  to  that  of  each  of  the 
oth<-r  dorsal  interosseous  arteries,  except  that,  in  addition  to  the  anterior  dorsal 
f>criorating  and  terminal  dorsal  digital  branches,  it  gives  ofF,  not  far  from  its 
origin,  a  third  dij^ital  branch  which  passes  foruard  along  the  outer  surface  of  the 
great  toe.  The  posterior  communicating  arter\'  \vhich  should  arise  from  this  vessel 
is  represented  by  the  large  branch  by  \vhich  the  dorsalis  j>edis  communicates  with  the 
plantar  arch. 

Variations. — The  orijcin  of  the  dorsalis  pedis  from  the  pcroneal  by  means  of  the  anterior 
peroneal  branch  h;LS  alreadv  been  noted  in  connection  uith  tne  variatioiis  of  the  anterior  tibial 
arter>'.  Another  orijcin  uliich  has  been  obser\ed  is  from  the  extemal  plantar  arterj',  uhich 
sends  upu ard  through  the  astra^alo-calcaneal  canal  a  large  branch  uhich  is  continuea  distallj 
up<jn  the  dorsuni  oi  the  foot  and  gives  off  the  tarsal  and  metatarsal  branches.  This  vessel  is 
represented  in  the  aduh  by  a  small  branch  uhich  arises  from  the  extemal  tarsal  arter>*  and  pur- 
sues  the  course  indicated  to  anastomose  u  ith  the  extemal  plantar  ;  it  appears  to  be  much  more 
hi>^hly  developed  in  the  embr\o  than  in  the  adult  ( Leboucq ) 

Other  variations  in  the  dorsalis  pedis  and  its  branches  depend  upon  a  correlation  uhich 
exists  betueen  the  development  of  the  dorsal  and  plantar  svstem  of  vessels.  If,  for  example. 
the  plantar  interosseae  are  uell  developed,  thev  uill,  throug^h  the  anterior  perforating  brancnes, 
fumish  the  main  blood-supplv  for  the  dorsal  digital  branches,  and  the  dorsal  interosseous  ves- 
sels, as  uell  as  the  metatarsal,  may  lx'  much  reduced.  Or  the  plantar  arch,  through  the  pos- 
terior perforating  branches,  mav  be  the  main  supplv  for  the  dorsal  interosseous  vessels,  and  the 
dorsalis  pedis  itself  may  be  diminished  in  size  or  may  even  terminale  in  a  net-u'ork  of  small 
vessels  over  the  dorsal  surface  of  the  tarsus. 

DEVELOPMENT  OF  THE  ARTERIES. 

In  the  preceding  pages  some  of  the  more  important  facts  regardingthe  development  of  the 
arteries  have  l>een  mentioned  in  connection  with  the  anomalies  in  uhose  production  they  are 
concemed  ;  these  facts  may  now  be  briefly  restated  in  a  more  connected  manner. 

At  an  early  stage  of  development.  uhile  the  heart  lies  far  foruard  beneath  the  phar>'ngeal 
region  and  its  ventricle  is  stili  undivided,  the  blood  leaves  it  by  a  single  vessel  uhich  passes  foruard 
along  the  mid-ventral  line  of  the  pharynx  and  divides  to  form  tuo  ventral  longitudtnal  stems.  from 
each  of  uhich  six  lateral  branchial  vessels  arise,  the  fifth  vessel  of  each  stem,  counting  from 
U-fore  backuard,  lx;ing  quite  nidinientar\'  and  closely  associated  uith  the  fourth.  These 
branchial  vessels  pass  dorsally  in  the  branchial  arches  to  the  dorsal  surface  of  the  phar>-nx,  uhcre 
thos«r  of  each  side  unite  to  form  a  longitudinal  stem  uhich  passes  backuard,  and  at  about  the 
lev<l  of  the  eighth  cer\ical  vertebra  unites  uith  its  fellou  of  the  opposite  side  to  form  a  single 
longitudinal  trunk.  the  dorsal  aorta  (Fig.  677).  This  is  continued  backuard  to  the  posterior 
extnniity  of  the  tnink,  Iying  imniediatelv  ventral  to  the  vertebral  column.  From  the  anterior 
ends  of  thr  ventral  and  dorsiil  longitudinal  stems  branches  pass  fonvard  into  the  cranial  region; 
and  fnmi  the  dorsal  longitudinal  stems  and  the  dorsal  aorta  lateral  and  ventral  branches  are 
giv<*n  (»ff  in  regular  segmental  succession.  The  modifications  undergone  by  the  branchial  arch 
vesmis  in  the  cours«'  of  development  mav  first  be  trace<l  and  then  the  arrangement  and  modifica- 
tions «»f  tlu-  segmental  branches  uill  l>e  considered. 

Tlir  first  niodification  of  the  branchial  arch  vessels  consists  in  the  disappearance  of  the  tu-o 
anterinr  ones  (ui  rither  side.  and  then  follou  a  number  of  changes  uhich  may  be  briefly  stated  as 
!(>ll»)U's.  (i)  The  iH)riions  of  the  dorsal  longitudinal  stems  inter\ening  l)etu'een  the  third  and 
foiirtli  branchial  vessels  disapiK-ar  ;  {2\  the  fifth  branchial  vessels  disappear  ;  (3)  the  sixtb  loses 
its  connection  uith  tlie  dorsal  longitudinal  stem  on  the  right  side  ;  (4)  the  proximal  portionof 
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the  ventral  longitudinal  siem  divides  in  the  fronta!  plane  into  twi>  portions.  one  of  which  is  ci>n- 
nerted  u'ith  ihe  sixth  branchial  vessels,  whi!c  the  other  retains  the  remaining  ones  ;  and  (5)  the 
posterior  portion  of  the  right  dursal  longitudinal  stcm  disap|>ear<i.  so  that  the  dorsal  aorta  is 
formed  onIy  by  the  left  stem  (Fig.  678).  As  the  resultof  thcsechaiiges  theanteriori>ortionirflhe 
ventral  longitudinal  steni  becomes  the  extenial  carolid  artery  ;  the  anterior  |>ortion  of  the  dorsal 
loi^ptudinal  stem  the  intemal  carotid  ; 

the  third  branchial  vesse!  becomes  the  Fi<-..  744. 

connection  bemeen  the  two  carotids  ;  A.  F. 

the  fourth  branchial  vessel  of  the  left 
side,  together  with  the  left  dorsal  longi- 
tudinal slem.  l>ecomes  llie  arch  of  Ihe 
aorta  ;  the  riRht  founh  branchial  vessel 
and  the  persisting  portion  of  the  right 
dorsal  longitudinal  stem  become  the 
proximal  portion  of  the  right  subclav- 
ian  artery  ;  the  sixlh  branchial  vessels 
become  the  pulmonarv  arteries,  ihe 
persisiing  connection  cif  the  left  one 
with  the  aortic  arch  beintt  the  ductus 
aneriosus ;  Ihe  pro\itniil  iKjrtion  of  the 
vemral  lor^iiudinal  irunk  uhich  re- 
mains  connected  wilh  the  sixlh  vessels 
becomes  the  pulnionarj-  aorta,  while 
the  other  portion  becomes  the  prox- 
imal  part  of  the  aortic  arch,  These 
changes  are  shown  <1iagTammatically 
in  Fig.  744,  A  and  B. 

From  the  forward  prolongations      "^"cv'«™!™!'  eKi*VnS"Bnd'inimiai  cB"ro«d"'^'ml?^ 

of  the  carotid  arteries  the  vessels  »hich        P.  pulmonary  aneiy .  da.  ducius  »nengsus. 
suppiv  ihe  cranial  structures  .ire,de- 

veloped,  and  latenl  branches  aiso  |>ass  from  the  carotids  to  the  structures  which  are  formetl 
front  the  branchial  arches.  Of  ihese  branches  Ihe  sui>erior  thyroid.  lingual,  and  facial  arteries  are 
probably  irom  the  beglmiiTlR  cc)nnectcil  with  Ihe  estemal  carotid,  but  the  |,reater  part  of  the 
intemal  maxillari'  takes  its  origin  from  the  iniemal  carotid  and  only  secondarily  becomes  con- 
nected with  Ihe  extemal  one  (page  743). 

From  ihe  dorsal   longitudinal  stenis,  poslerior  to  the  point  at  uhich  the  sixth  branchial 

vessels  join  them,  branches  pass  ofT  laterally  to  each  of  the  cervical  segments,  ihe  most  anterior 

pair  accompanying  the  hypoglossal  ner\'e  and  passing  lo  the  occipital  segments  »'ith  u'hich  the 

nerve  is  associaled.     1  jiler,  as  the  heart  recedes  lowards  ils  iinal  posilion  in  the  lhorax,  carrying 

with  it  ihe  dorsal  longitudinal  slems,  the  majority  of 

the  cer^-ical  lateral  branches  separate  from  the  slems 

and  are  represented  in  ihe  adult  by  the  segmental 

muscular  and  spinal  branches  u'hich  arise  from  ihe 

vertebral  artery.      The  seventh  branches,  however, 

ret;(in  Iheir  connection  «ith  the  longitudinal  stems 

and  become  the  subciavian  arteries  <if  the  adult. 

Thrtmghoiit  the  entire  length  of  the  dorsal  aorta 
segmental  branches  are  distributed  not  oniv  to  the 
bo(ly-wall,  but  aIso  lo  the  viscera.  and  in  each  seg- 
menl  two  Ivpical  sets  of  visceral  branches  mav  be 
disllng\itshed  — a  pair  of  laleral  hmnches  which  pass 
Iaterally  beneath  the  peritoneiim  lo  the  paired  visrera, 
and  a  single  median  hrnnch  uhich  passes  venirallv  in 
the  mesenterj'  and  i":  supplied  to  the  digestive  Iract 
and  ils  derivalives  (Fii;.  745)  The  l.tteral  branches 
10  the  l)ody-«all  persisl  in  the  adult  as  ihe  inler- 
ciistal  liimbar  and  lateral  sacral  branches.  the  fiflh 
lumhar  branches  enli-ring  into  the  formation  of  the 
?ries.  The  visceral  branches  belonging  lo 
Ijiith  sets,  however,  nndergo  miich  modification. 
some  disappearini;  and  others  fusing,  so  thal  little  trace  of  their  primarv  segmenlal  arrangement 
is  to  be  n-roj;iii7i'd  in  the  adnit,  Representatives  of  ihe  paired  visrer:il  branches  are  lo  lie 
found  in  the  bronchial.  sui)rarenal.  renal,  and  spermatic  (ov.irianl  -irteries,  and  in  Ihe  fnliis 
Ihe  iimbilic.il  arteries  represent  the  paired  branches  of  the  thinl  lumbar  segment.  At  an 
early  siage,  howe\er,  ihese  vessels  make  connections  with  branches  of  the  iliac  arteries  and 
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then  lose  their  original  connectiuns  with  ihe  aorta,  so  that  th*iy  seeni  in  the  fietus  to  arm.^ 
from  the  iliac  vesscis,  and  these  latter,  althuugh  primarilj-  somatic  in  their  distribution,  ^ive  ^^= 
a  number  cif  visceral  branches. 

Uf  the  uiipaired  vi>M:eral  branches  representatives  are  tu  be  fuund  in  the  thuracic  regkin 
the  usophageal  and  niediastinal  vessels  and  m  the  abdomen  in  Ibe  ctciiac  axis  and  the  su|ier^Si 
and  inferiur  mesenttric  aheries,  the  superior  mesenteric  representing  the  umphalu-niesente 
or  vitelline arteries  ot  ihe embrj-o  which  primarily  arise  by  several  rouLs,  only  the  lowest  of  wh^^ 
persisis  tu  form  the  adult  vessel. 

According  to  the  general  plan  of  the  enibrjonic  arterial  system  thus  outlined.  the  only  \«^ 
sels  which  have  primarilv  a  lon^ludinal  course  are  the  dorsal  and  ventral  longitudinal  sten^B^ 
the  dorsal  aorta,  and  its  prolonKation.  the  a.  sacra  media.  In  the  adult,  however.  several  otl — ^m 
lonKitudinal  vessels  exist,  such,  /or  instance,  as  the  i^ertebrals.  the  inlemal  manitnaries,  and  t  S 
superficial  and  deep  epiRaslrics  Ali  these  vessels  are  secondary  formations  due  to  the  end--V« 
end  anastomoses  of  upwardly  and  dou'nwarc:W 
Fii:   Td6  directed  branches  oi  Ihe  lateral  sef^enlal  i'cra0 

sels.  T^e  intemal  mammaries  and  the  epigsts^- 
trics  (fig.  746)  are  formed  in  ihis  manner  frun^ 
branches  of  the  iiilercostat  arteries,  with  whid) 
Ihey  remain  connecied  lo  a  grealer  or  less  et- 
lent ,  the  vertebrals  are  formed  from  brancb« 
of  the  lateral  cervical  vessels,  and  beconie  indt- 
pendent  stems  by  the  separation  of  these  vesstb 
from  the  dorsal  longitudinal  stems,  as  a]ready 
described. 

The  arteries  of  the  limbs  are  formed,  as 
already  stated,  by  the  lateral  somatic  branches 
of  the  seventh  cer\-ica]  and  tifth  lumbar  segmetiis 
respectively,  but  in  bolh  limlis  a  series  of  changcs 
is  neces-sarj-  before  the  adult  arrangement  b 
ac(|iiired.  In  the  ami  the  subciavian  arterj-  at 
fir^it  extends  as  a  single  main  stem  as  far  as  the 
carpus,  where  it  lerminates  by  dividing  inlo 
digital  branches  for  the  Angers  (Fig.  747,  A). 
Throughoiit  its  course  in  Ihe  forearm  it  lit« 
betKeen  the  two  bones,  resting  on  the  interus- 
seous  membrane,  in  the  position  occupied  liy 
the  adult  anterior  interosseous  aitery ;  fruin 
the  upper  part  of  thb  portion  of  its  course  a 
branch  is  given  off  whtch  takes  a  more  suptr- 
licial  cours«.',  accon)pbnying  the  median  nem, 
This  miKlian  artery  gradua1ly  becomes  lar^fer. 
while  the  anterior  interos.seous  undergues  a  cof' 
responding  retrogression.  and  eventually  ihc 
mcdiati.  by  fiising  with  thi;  lower  portion  of  the 
interosseous,  furnis  the  main  channel  for  thedigi- 
tal  branches  and  becomes  the  principal  ar1ery  of 
the  forirarm  (['ig.  747,  /1).  Afurlher  stage  Ls  n»arkedby  the  development  of  the  ulnarartery  3.43 
branch  from  the  brachial,  and  Ihis,  extending  dowii  the  ulnar  side  of  Ihe  forearm,  unites  »ith  Iht 
median  to  form  a  carpiil  arrh  from  uliich  the  digiUl  branches  arise  ( C).  Later  Ihere  develops 
high  up  upon  the  brachial  a  superficial  brachial  aner>-,  which,  after  traversing  the  brachium. 
pa.s.sc!i  douT  Ihc  radial  side  of  the  forearm  and  near  the  wrist  pas.<ies  to  the  posterior  surfKe, 
dividing  over  the  carpus  into  branches  /nr  the  dorsum  of  the  thumb  and  index-finger.  After  the 
appenranci-  of  ihe  ulnar  arierj-  a  retrogression  of  ihe  median  begins,  whereby  it  becomes  the 
a.  comes  m-ni  nie<liani  of  the  adult ;  a  branch,  the  superficial  volar,  arises  from  the  Io»*r  part  of 
thesuiH.'rfici:il  brachial  and  |>asses  downward  intolhe  palm  to  unite  with  Ihe  palmar  arch  already 
|)n'Si-nt  ( />)  :  and,  linallv.  a  branch  arising  from  tlie  lower  part  of  the  brachial  anastomoses  uith 
the  sn|)erficial  bnichial  jiist  U-low  the  bcnd  of  the  elbow  and  together  with  the  antibrachial  pan 
of  the  suiK-rficial  brachial,  forms  the  radial  arterj-.  The  upper  part  of  Ihe  superficial  braclual 
then  dcgiiKrates  uniil  it  is  normallv  rcpresented  in  the  adult  by  a  small  branch  of  the  brachial 
tthich  i>assi'S  to  thi-  biceps  muscie  ( E) . 

In  ti«'  leg  the  chnnges  are  eijiialK'  romplicated.  Primarily  it  is  the  scjatic  anery  which 
fiirms  the  main  stem,  extending  the  entire  length  of  the  pnsterior  surface  of  tbe  linnb  into  the 
planlar  surface  of  the  foot,  mhere  it  (iivides  into  the  digital  l>ranches  {Fig.  748,  j4].  TbecK- 
temal  iliac  at  Ihi.s  stage  is  a  relativetv  slendef  vessel  uhich  extends  bul  a  sbort  distance  down  tbe 
thigh  and  terminates  in  what  is  later  the  profunda  femoris.     In  a  laler  stage  ihere  arises  (rooi 
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external  iliac  a  vessel  (sapk)  which  accumpanies  the  iulemal  sapheiious  iier\*e  <k>wn  the 
and,  enlL-ring  Uie  fuot.  taktis  from  the  original  main  steni  its  digilal  braiiches  ( H ).  From  tlijs 
henous  artcrj-  a  brunch  is  given  oR  wliich  pierces  Ihe  substance  of  the  adductor  maipius  mus- 
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THE  ANTERIOR  TIBIAL   ARTERY. 

Theantertortibialartery  (a.  tibialisaaterior)  (Figs.  742,  743)  is theother terminal 
branch  of  the  poplileal.  It  begins  at  the  iower  border  of  the  popitteus  muscle,  and  is  at 
tirst  directed  fom'ard,  passtng  between  the  tibia  and  libula  and  tht;  two  uppermost  slips 
of  origin  of  the  tibialts  posticus.  above  the  upper  border  of  the  interosseous  membrane. 
It  then  bends  downward  and  traverses  the  entire  length  of  the  cnis  to  the  front  of  the 
ankle-joint,  where  it  becomes  the  dorsalis  pcdis  artery.  Its  course  may  bc  represented 
by  a  line  drawn  from  the  head  of  the  fibula  to  a  point  half-way  betu  cen  the  ti*o  malleoli. 

Relations. — In  itscouraedown  the  leg  the  anterior  tibial  anery  rests  fias/rriar/}- 
upon  ihe  interosseous  membrane,  to  which  it  is  more  or  less  tirmly  united  by  fibrous 
bands  ;  in  the  1ower  quarter  of  its  course  it  rests  upon  the  front  of  the  tibia.  A»Uritrrfy. 
in  the  upper  two-thirds  of  its  course,  it  is  overlapped  by  the  tibialis  anticus,  lying  alonK 
the deep  edge  of  the  connective-tissue  partition  »hich  separaten  that  muscle  from  the ex- 
tensor  longus  digitorum  and  the  extensor  proprius  hallucis.  Lower,  however,  it  is 
superticial,  and  just  above  the  ankle-joint  it  is  crossed  obliqucly,  from  without  inward, 
by  the  tendon  of  the  extensor  proprius  hallucis,  and  then  pa.sses  bcneath  the  anterior 
annular  IJgament.  lnteraally  to  it  is  the  tibialis  anticus.  and  at  the  ankle-joint  the  ten- 
don of  the  extensor  proprius  hattucis  ;  extemaUy  it  has  in  iLs  upper  third  the  extensor 
longus  digitorum,  in  its  middle  third  the  estensor  proprius  hallucis,  and  at  the  ankle  Ihe 
inner  tendon  of  the  extensor  longus  digitorum.  The  anterior  tibial  nerve  lies  to  tht 
outer  side  of  the  artery  in  its  upper  and  lower  thirds  ;  in  the  middie  third  of  the  leg  it 
is  usually  in  front  of  the  vessei. 


ofi 


Variations. — The  anterior  tiliial  arterj-,  as  it  occurs  in  man,  appears  to  bc  the  resuh  of  a  unkm 
vo originally  distinct  vesscls,  bothof  which  arise from  the primitive  peroneal  arterj- andpass to 

the  front  of  the  leg.     The  up- 
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t  fragincnl 


of  these  forms  ifie 
greattT  portion  of  the  anery, 
while  trie  lo»-er  one,  »hich 
is  represented  by  the  anterior 
peroneal  artery,  forms  ooly 
titc  luuer  partof  the  anterior 
til>ial  anti  its  continuation 
upon  the  dorsum  of  the  foot. 
the  dorsalLs  pedis.  In  čase  of 
(ailure  in  the  union  of  these 
I  wo  vessels,  the  anterior  tibial 
niay  appear  to  terminate  in 
miiscutar  branches  a  <<hon 
disiance  abo\'e  the  ankle- 
joint.  the  dorsalis  pedis  beinf! 
the  ciinlinuation  of  Ihe  an- 
terior peroneal.  This  ar- 
ran);eint.-nl  is  not  infrequent; 
more  rarely  the  upper  poriion 
of  the  vessei  Ls  grenUv  re- 
duced,  heiuK  represented 
only  hy  a  small  steni  vt-hich 
gives  ofI  the  posterior  and 
anterior  recurrent  branches 
as  u-ell  3A  branches  to  the 
popliieus  n)u.scle.  the  fnini  of 
of  the  leg,  in  such  cases.  heinj; 
sonielimes  suppiled  b>'  an  in- 
dependent  [>e  rf oratin  r  brandi 
from  the  posterior  tibial. 

Practical  Consid- 
erations. — The  anterior 
^1     tibial  arterj'  is  more  often 
w<nmded    than    the   pos- 
terior tibial  because  of  its 
.■relation  to  the  tibia.    It  Lsnot 
11  fracture  of  that  bone.     It  is 
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rarely  the subject  of  aneurism.  Ligationmaybedoneat  (i)theupper;  (2)  thomiddlt; 
or  (3)  the  louer  third.  The  line  of  theartery  is  froiii  a  [»int  midway  between  thc  exter- 
nal  tibial  tuberosityand 

the  head  of  tlie  fibula  to  Fic  743. 

the  middleof  theanteri- 
or  intermalleolar  space. 
I.  Wheii  throngh 
an  incision  made  a  t 
this  line  the  deep  fascia 
is  reached  and  divided, 
the  imerspace  in  which 
the  artery  lies  should 
be  aought  for.  It  is 
that  between  the  tibi- 
alis  anticus  and  the 
extensor  longus  digi- 
torum,  is  the  only  in- 
termuscular  interstice 
in  the  upper  anterior 
dUal  region,  is  afx>ut 
an  inch  or  an  inch  and 
a  qijarter  external  to 
the  tibial  crest.  and  a 
half  to  three-qiiarter3 
of  an  inch  internal  tO 
the  septum  which  di- 
vides  the  extensor  lon- 
gus from  the  peroneus 
longus.  This  septum 
is  often  marked  by  a 
white  line  visible  before 
the  deep  fascia  is  di- 
vided ;  or  it  may  be 
recognized  by  slippin^ 
a  director  outuard  be- 
neath  the  aponeurosis 
until  its  point  is  finnly 
arrested.  The  inter- 
space  containing  the 
anterior  tibial  artery 
will  then  be  internal  to 
this  and  can  be  felt  as 
a  line  of  iessened  rcsist- 
ance  when  the  fore- 
fingeris  pressed  length- 
wise  along  the  muscles 
(Treves).  On  the 
other  hand.  the  ap<)n- 
eurotic  i^irtiiinn  I«;- 
tween  the  L-\tensor 
and  the  pcroiitiis  — 
extemal  tn  the  inter- 
space  sought  for  — 
resists  and  vibratts 
under  the  pninl  of  the 
director  or  the  fure- 
finger  CFarabeiifi,     Al 

the  bottom  <>(  the  int<.rs[>ace  the  arterv  will  I>e  found  Kins  upon  the  interosseoun 
membrane  to  the  oiiter  side  of  the  tibia  and  »ith  the  ner\'e  external  to  it 
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2.  At  the  middle  of  the  limb  the  same  interspace  is  found — usually  more 
easily,  as  there  is  often  some  yellowish-white  fatty  tissue  lying  between  the  musdes 
and  seen  as  a  line  on  the  surface  of  the  deep  fascia — ^and  is  opened.  The  arter>- 
which  stili  lies  on  the  interosseous  membrane  will  be  found  in  the  deeper  space  thus 
disclosed  between  the  extensor  proprius  pollicis  and  the  tibialis  anticus. 

3.  A  t  the  lower  third  an  incision  on  the  same  line  will  expose  the  vessel  lying' 
usually  in  the  innermost  of  the  two  interstices  found  at  that  part  of  the  limb,  viz., 
that  between  the  tibialis  anticus  and  the  extensor  proprius  pollicis.  Occasionally 
it  will  be  found  to  the  outer  side  of  the  tendon  of  the  extensor  proprius — the  second 
tendon  from  the  tibia — in  the  space  between  that  muscle  and  the  extensor  longus 
digitorum.     The  vessel  lies  on  the  front  of  the  tibia,  with  the  ner\'e  extemal. 

The  collateral  circulation  is  carried  on  from  above  the  ligature  by  (a)  the  pero- 
neals  ;  and  (^)  the  posterior  tibial,  anastomosing  respectively  with  (a)  the  extemal 
malleolar,  the  branches  of  the  dorsalis  pedis  and  the  plantar  ;  and  (^)  the  intemal 
malleolar  from  bclow,  assisted  by  the  many  small  anastomotic  vessels  piercing  the 
interosseous  membrane  and  derived  from  the  two  tibials. 

Branches. — In  addition  to  numerous  vmscuiar  branches  which  supply  the 
adjacent  muscles,  the  anterior  tibial  artery  gives  ofi  the  following  : 

1.  The  superior  fibular  branch  (ramus  fibularis)  is  a  small  vessel  which  arises 
from  the  anterior  tibial  immediately  below  its  origin  ;  occasionally  it  arises  by  a  com- 
mon  trunk  with  the  posterior  tibial  recurrent  or  else  from  the  lower  part  of  the 
popliteal.  It  passes  upward  behind  the  neck  of  the  fibula,  traversing  the  substance 
of  the  soleus,  and  sends  branches  to  that  muscle  and  to  the  peroneus  longus,  and 
anastomoses  \vith  the  external  inferior  articular  branch  of  the  popliteal. 

2.  The  posterior  recurrent  tibial  artery  (a.  recurrens  tibialis  posterior)  arises 
while  the  anterior  tibial  is  stili  upon  the  posterior  surface  of  the  leg.  It  passes  upu-ard 
between  the  popliteal  muscle  and  the  posterior  ligament  of  the  knee-joint,  both  of 
which  it  supplies,  and  terminates  by  anastomosing  with  the  extemal  and  intemal 
inferior  articular  branches  of  the  popliteal. 

3.  The  anterior  recurrent  tibial  artery  (a.  recurrens  tibialis  anterior)  is  given 
off  just  after  the  anterior  tfeial  has  reached  the  front  of  the  leg.  It  runs  upward  in 
the  substance  of  the  tibialis  anticus  and  over  the  outer  tuberosity  of  the  tibia,  and 
terminates  by  taking  part  in  the  format  ion  of  the  circumpatellar  anastomosis.  It 
gives  branches  to  the  tibialis  anticus,  the  extensor  longus  digitorum,  the  capsule  of 
the  knee-joint,  and  the  adjacent  integument.  This  arter}'  is  of  imp)ortance  in  the 
establishment  of  a  collateral  circulation  after  ligation  of  the  popliteal  artery  (page  834), 
on  account  of  its  anastomoses  with  the  descending  branch  of  the  extenial  circumflex 
artery  and  with  the  anastomotica  magna. 

4.  The  internal  malleolar  artery  (a.  malleolaris  anterior  medialis)  arises  from 
the  inner  surface  of  the  anterior  tibial,  a  little  above  the  ankle.  It  passes  inward 
beneath  the  tibialis  anticus,  over  the  surface  of  the  inner  malleolus,  and  terminates 
by  anastomosing  with  the  malleolar  branch  of  the  posterior  tibial,  the  intemal  plantar. 
and  the  internal  calcaneal  arteries. 

5.  The  external  pialleolar  artery  (a.  malleolaris  anterior  lateralis)  arises  from 
the  outer  surface  of  the  anterior  tibial,  usuallv  a  little  below  the  intemal  malleolar. 
It  is  directed  outvvard  and  downward  beneath  the  extensor  longus  digitorum  and  the 
peroneus  tcrtius,  over  the  surface  of  the  external  malleolus,  and  anastomoses  with 
branches  from  the  anterior  and  posterior  peroneal  arteries. 

Anastomoses  of  the  Anterior  Tibial  Artery. —  Collateral  circulation  is 
rcadilv  estahlish(*d,  in  cases  of  interruption  of  the  anterior  tibial  arter}',  by  means 
of  its  ahundaiU  anastomoses  \vith  branches  of  the  posterior  tibial.  Thus  there  are 
rich  anastomoses  between  the  internal  malleolar  branch  of  the  anterior  tibial  and  the 
malleolar  branch  of  the  posterior  tibial,  and  lH*t\veen  the  oxternal  malleolar  branch  c»f 
thtf  anterior  tibial  and  the  anterior  and  posterior  peroneal  branches.  Further,  since 
the  dorsalis  peilis  arterv  is  the  contiiuiation  of  the  anterior  tibial,  it  will  assist  mate- 
rially  in  the  collateral  circulation  hv  the  anastomoses  of  its  tarsal  and  metatarsal 
branches  with  the  plantar  and  peroneal  arteries  and  by  its  connections  with  the 
plantar  arch. 


THE  DORSAL  ARTERV. 


THE  DORSAL  ARTERV  OF  THE  FOOT. 

The  dorsal  artery  of  the  foot  (a.  dorsalis  pedis)  (Fig.  743J  ia  the  continuation  of 
tbe  anterior  tibial  beyond  the  ankle-joint.  It  extends  to  the  proxiiiial  portion  of  the 
firet  intermetatarsal  spact;,  where  it  receives  the  large  fourth  perforating  bntnch  o(  the 
plantar  arch,  and  is  thence  continucd  forward  along  the  intermetatarsal  sj^ace  as  the 
a.  dorsalis  hallucis. 

Relations. — The  dorsalis  pedis  is  covered  in  the  proxiinal  portion  of  its  course  by 
the  anterior  annular  ligainent,  and  is  crossed  just  before  it  reachcs  the  intermetatarsal 


brevls  digitorum  which  passes  to  the  great  toe.     It 


^>ace  by  the  tendon  of  the 
rests  successively  upon 
the  anterior  ligament  of 
the  ankle-joint,  thehead 
of  the  astragalus,  the- 
astragalo-scaphoid  liga- 
ment, the  dorsal  surface 
of  the  scaphoid  bone,  the 
dorsal  scapho-cuneiform 
ligament,  and  the  in- 
tercuneiform  ligament  s 
which  extend  Detween 
the  middie  and  internal 
cuneiform  bones.  Ex- 
temaily  it  is  separated 
frora  the  innermost  ten- 
don of  the  extensor  lon- 
gus  digitorum  and  from 
the  extensor  bre\'is  digi- 
torum by  the  inner  termi- 
nal branch  of  the  anterior 
dbial  nerve.  and  hiter- 
nally  it  is  in  relation  with 
the  tendon  of  the  e.Men- 
9or  hallucis  proprius. 

Branches.  —  In 
addition  to  numerous  r«- 
tantous  branches  to  the 
skin  of  the  dorsum  of 
the  foot  and  miiscular 
branches  to  the  estensor 
brevis  digitorum,  the 
dorsalis  pedis  gives  rise 
to  the  following  vessels. 

1.  The  internal 
tsreal  branches  (aa. 
tarseac  mediales)  are  one 
or  more  small  vcssels  uhich  pass  over  the  outer  border  of  the  foot.  supplying  the 
intcgument  and  the  tarsal  articutations  and  anastomosing  with  the  internal  malleolai 
and  internal  plantar  arteries. 

2.  The  cxternal  tarsal  branch  (a.  tarsea  lateralis)  arises  opposite  the  head 
of  the  astragalus  and  passes  outward  and  for»ard  over  the  scaphoid  and  cuboid 
bones,  under  cover  oE  the  extensor  brevis  digitorum.  It  gives  branches  to  that 
muscle,  to  the  skin,  and  to  the  tarsal  articulations.  and  anastomoses  with  the  external 
malleolus  and  anterior  peroneal  arteries  above,  with  the  e.ttcrnal  plantar  laterally,  and 
with  the  mctninrsal  below. 

3.  The  mctatarsal  branch  {».  arcuata)  arises  over  the  internal  cuneiform  bone 
and  is  directinl  at  tirst  laterally  [orward  and  then  laterally  over  the  bases  of  the  four 
outer  melatarsal  bones  and  beneath  the  tendons  of  the  extensor  longus  and  extensoi 
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brevis  digitorum.  It  thus  forms  an  arch  upon  the  dorsal  surface  of  the  foot  corrts- 
ponding  in  position  with  the  plantar  arch  below.  It  anastomoses  laterally  with  the 
external  tarsal  and  with  the  external  plantar,  and  opposite  each  of  the  intermetatarsal 
spaces  which  it  passes — the  second,  third  and  fourth — ^gives  off  a  dorsal  interosse- 
ous  artery  (a.  metatarsca  dorsalis). 

Each  of  these  passes  forward  along  its  intermetatarsal  space,  and,  immed]ately 
beyond  its  origin,  gives  off  ^  poster ior pcrforating  braiich  which  communicates  directly 
\vith  the  corresponding  posterior  perforating  branch  of  the  plantar  arch.  At  the  distal 
end  of  its  intermetatarsal  space  each  artery  gives  off  an  anterior  perforatinfr  branch 
which  unites  vvith  the  similar  branch  of  the  corresponding  plantar  interosseous.  and 
then  divides  into  two  dorsal  digital  branches  (aa.  digitalcs  dorsales)  \vhich  pass  along 
the  adjacent  surfaces  of  two  neighboring  digits  and  anastomose  with  one  another  and 
vvith  the  plantar  digital  branches. 

4.  The  dorsal  interosseous  branch  of  the  first  intermetatarsal  space 
appears  to  l)e  the  continuation  of  the  dorsalis  pedis,  and  is  iisually  termed 
the  a.  dorsalis  hallucis.  Its  course  is  exactly  similar  to  that  of  each  of  the 
other  dorsal  interosseous  arteries,  except  that,  in  addition  to  the  anterior  dorsal 
perforating  and  terminal  dorsal  digital  branches,  it  gives  ofF,  not  far  from  its 
origin,  a  third  digital  branch  which  passes  forvvard  along  the  outer  surface  of  the 
great  toe.  The  posterior  communicating  artery  \vhich  should  arise  from  this  vessel 
is  represented  by  the  large  branch  by  \vhich  the  dorsalis  pedis  communicates  with  the 
plantar  arch. 

Variations. — The  origin  of  the  dorsalis  [>edis  from  the  peroneal  by  means  of  the  anterior 
peroneal  branch  has  alreadv  beeii  noted  in  connection  \v  ith  the  variations  of  the  anterior  tibial 
arter>\  Another  orijj^n  \vnich  has  been  observed  is  from  the  extemal  plantar  arter\-,  which 
sends  upvvard  through  the  astragalo-calcaneal  canal  a  large  branch  uhich  is  continued  distall)* 
upon  the  dorsuni  of  the  foot  and  gives  c^ff  the  tarsal  and  metatarsal  branches.  This  vessel  is 
represented  in  the  adult  by  a  sniall  branch  uhich  arises  from  the  extemal  tarsal  arter>'  and  pur- 
sues  the  course  indicated  to  anastomose  \vith  the  extemal  plantar  ;  it  appears  to  be  much  more 
highly  developed  in  the  embr>o  than  in  the  adult  ( Leboucq ) 

Other  variations  in  the  dorsalis  pedis  and  its  branches  depend  up>on  a  correlation  which 
exists  bet\veen  the  development  of  the  dorsal  and  plantar  svstem  of  vessels.  If,  for  example. 
the  plantar  interosseae  are  \vell  developed,  thev  will,  through  the  anterior  perforating  branches, 
fumish  the  main  blood-supplv  for  the  dorsal  aigital  branches,  and  the  dorsal  interosseous  ves- 
sels, as  well  as  the  metatarsal,  may  Ik*  nuich  reduced.  Or  the  plantar  arch,  through  the  pos- 
terior perforating  branches,  may  be  the  main  supply  for  the  dorsal  interosseous  vessels,  and  the 
dorsalis  pedis  itself  may  be  diminished  in  size  or  may  even  temiinate  in  a  net-work  of  small 
vessels  over  the  dorsal  surface  of  the  tarsus. 

DF.VELOPMENT  OF  THE  ARTERIES. 

In  the  preceding  pages  some  of  the  more  important  facts  regarding  the  development  of  the 
arteries  have  lK*en  mentioned  in  connection  with  the  anomalies  in  whose  production  they  are 
concemed  ;  these  facts  may  now  be  briefly  restated  in  a  more  connected  manner. 

At  an  early  stage  of  development,  vvhile  the  heart  lies  far  forward  beneath  the  phar>ngeal 
region  and  its  ventricie  is  stili  undivided,  the  blood  leaves  it  by  a  single  vessel  \vhich  passes  forw'ard 
along  the  mid-ventral  line  of  the  phar>'nx  and  divides  to  form  two  ventral  longitudinal  stems.  from 
each  of  which  six  lateral  branchial  vessels  arise,  the  fifth  vessel  of  each  stem,  counting  from 
before  backuard,  being  quite  rudinientar\'  and  closely  associated  with  the  fourth.  These 
branchial  vessels  pass  dorsallv  in  the  branchial  arches  to  the  dorsal  surface  of  the  phar>'nx,  uhere 
those  of  each  side  unite  to  form  a  longitudinal  stem  uhich  passes  backuard.  and  at  about  the 
level  t>f  the  eighth  rer\'ical  vertebra  unites  with  its  fellou*  of  the  oppx)site  side  to  form  a  single 
longitudinal  tnmk.  the  dorsal  aorta  (Fig.  677).  This  is  continued  backuard  to  the  posterior 
extremily  of  the  tnmk,  Iving  immediatelv  ventral  to  the  vertebral  column.  From  the  anterior 
ends  of  the  ventral  and  dorsal  longitudinal  stems  branches  pass  foru'ard  into  the  cranial  region; 
and  from  the  dorsal  longitudinal  stems  and  the  dorsal  aorta  lateral  and  ventral  branches  are 
given  off  in  regular  segmental  succession.  The  modifications  undergone  by  the  branchial  arch 
vessels  in  the  course  of  development  mav  first  be  traced  and  then  the  arrangement  and  modifica- 
tions of  the  segmental  branches  uill  l)e  considered. 

The  first  modification  of  the  branchial  arch  vessels  consists  in  the  disappearance  of  the  two 
anterior  ones  on  either  side,  and  then  foIlow  a  nuniber  of  rhanges  which  may  be  briefly  stated  as 
follous.  ( 1  )  The  ix)rtions  of  the  dorsal  longitudinal  stems  inter\ening  l)etween  the  third  and 
fourth  branchial  vess<^*ls  dis;ippear  ;  (2)  the  fifth  branchial  vessels  disappear  ;  (3)  the  sixth  loses 
its  connection  uiih  the  dorsal  longitudinal  stem  on  the  right  side  ;  (4)  the  proximal  portionof 
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e  formed 


Ihe  veniral  longiiudinal  stem  divides  in  the  fronta)  plane  into  two  portions,  one  of  which  is  con- 

iMCted  with  the  sixth  branchiai  vessels,  while  the  other  retains  the  remaJnint;  ones;  and  (5I  the 

posterior  portion  of  Ihe  right  dorsat  longitudlnal  steni  disappears.  so  that  the  dorsal  aurta  is 

(onned  on!yb>- the left steni  (Fig. 678).     Aslheresullof  thesechanges  theanlerior  ponionof  the 

ventral  longiludinal  steni  becomes  the  exlernal  carotid  anery  ;  the  anterior  purtion  of  Ihe  dursal 

longitudinal  stem  the  intemal  carotid  ; 

the  third  branchiai  vessel  becomes  Ihe  p,,-,.  yj^_ 

connection  between  Ihe  two  carotids  ;  a.  r. 

the  fourth  branchiai  vessel  of  the  left 

side,  together  with  the  left  dorsal  longi- 

tudinal  stem,  lieconies  the  arch  of  the 

aorta ;  the  ri^ht  fourth  branchiai  vessel 

and  the  persisting  portion  of  the  right 

dorsal   longiludinal  stem  become  Ihe 

proximal  portion  of  the  right  subclav- 

ian  artery ;  the  sixth  branchiai  vessels 

become  the  pulmot)ary  arteries.  the 

persisting  connection  of  the  left  one 

with  the  aortic  arch  being  ihe  ductus 

arteriosus ;  the  proximal  portion  of  the 

veniral    longltudinal   tnink    which   re- 

mains  connected  with  the  sixth  vessels 

becomes  the  pii]monary  aorta,  while 

the  oiher  portion  becomes  Ihe  proX' 

imal  part  of  the  aortic  arch.     These 

changes  are  shown  d iagram malical ly 

in  Fig.  744,  A  and  B. 

From  the  foruard  prolongations 
of  the  carotid  arteries  the  vessels  uhich 
supply  the  cranial  structurcs  are,de- 

velc^ied,  and  lateral  branches  also  pass  from  the  carotids  to  the  structures  uhich  ai 
from  the  branchiai  arches.  Of  these  branches  the  su|>erior  thyroid.  lingual,  and  facial  ai 
probably  from  the  beginninK  connected  with  the  extemal  carotid.  bul  the  treater  part  of  the 
intemal  niaxillar>'  takes  its  origin  from  the  intemal  carotid  and  only  spfondarily  beconies  con- 
nected with  the  external  one  (page  743). 

From  the  dorsal  longiludinal  stems.  posterior  to  the  puint  at  »liich  the  sixth  branchiai 
vessels  join  them,  branches  pass  off  laterally  to  each  of  the  ceriical  st^ments,  Ihe  most  anterior 
pair  accompanying  the  h>poglossal  nerve  and  passing  to  the  occipital  segmenta  with  which  the 
nerve  is  associaled.  Later,  as  the  hean  recedes  towards  its  final  position  in  the  thorax.  carT>'ing 
with  it  ihe  dorsal  longitudinal  stems.  the  maiority  of 
the  cer\'ical  laterat  branches  separate  from  the  slems 
and  are  represente<l  in  the  adult  by  the  segmental 
muscular  andspinal  branches  which  arise  from  tfie 
vertebral  artery.  The  seventh  branches,  however, 
retain  Iheir  connection  »ith  the  longitudinal  stems 
and  become  the  subciavinn  arteries  of  Ihe  adult. 

Throiighout  the  entire  tength  of  the  dorsal  aoda 
segmental  branches  are  distribiited  not  onlv  to  the 
body-wall.  but  also  to  the  \iscera.  and  in  each  seg- 
ment tivo  Ivpical  sels  of  visceral  branches  may  be 
distinguished  — a  pair  of  lateral  branches  which  pa.sH 
laterally  beneath  the  peritoneum  to  the  paired  \-iscera. 
and  a  single  median  branch  uhich  passes  ventrally  in 
the  mesenterj-  and  is  supplied  to  the  digestive  tract 
an<l  its  derivatives  (Fig.  745)  The  lateral  branches 
to  the  body-wall  persist  in  the  adult  as  the  inter- 
crvsial  lumbar  and  lateral  sacral  branches,  Ihe  fifth 
lumbar  branches  enlering  into  the  formation  of  the 
iliac  arteries.  The  \isceral  branches  belonging  tn 
Imth  scts,  hoH'ever.  undergo  miich  niodification. 
»me  djsappearing  .ind  others  fusing.  so  Ihnt  little  Irace  of  their  primar\'  segmenlal  arrangement 
IS  to  be  rerogni/«'*!  in  the  adull.  Rcpresentatives  of  the  pairi-d  visct-ral  br.inchrs  are  to  be 
(ound  in  the  bronchial.  suprarenal.  renal.  and  spermatic  fuvari.inl  arteries.  and  in  Ihe  fn-tus 
the  umbilical  artiTies  represent  the  paired  branches  of  the  third  lumbar  segment.  At  an 
eariy  stage,  however,  ihese  vessels  make  connections  with  branches  of  the  iliar  arteries  and 
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then  lose  their  original  connections  with  the  aoria,  so  Ihat  they  seem  in  the  icetus  to  ar^e— * 
from  Ihe  iliat  veHsels,  and  these  laiter,  although  primarily  soniatic  in  their  distribution.  givt  <* 

a  number  uf  visceral  branches. 

Of  the  unpaired  visceral  branches  rtprcsentatives  are  to  be  found  in  the  thoTacic  region    ^e^iI> 

the  asophageal  and  mediastinal  vessels  and  in  Ihe  abdomen  in  the  cceliac  axiB  and  the  supeiv: ^^ 

and  inferior  mesenteric  arteries,  the  siiperior  mcsenteric  representing  the  omphalo-mesenlec  -^s^nc 
or  vitdline  arteries  of  Ihe enibryo  vvhich  priniarily  arise  by  several  roots,  only  the  lowest  of  uhi  S  '** 
persisLs  lo  form  the  adult  vessel, 

According  to  the  general  plan  of  the  embryonic  arterial  system  thus  outhned,  the  only  vci^  "**■ 
sels  which  have  primarily  a  iongitudinal  coiirse  are  the  dorsal  and  ventral  longitudinal  stein — ^KTis, 
the  dorsal  aorta,  and  ils  prolungation.  the  a.  sacra  media.  In  the  adult,  however,  several  oth-^C""**' 
Iongitudinal  vessels  exist,  such.  for  instance,  as  the  vertebrals.  the  interna!  mammaries,  and  tIK  ^^ 
superficial  and  deep  epigaslrics.  Ali  ihese  vessels  are  secondary  (omiations  due  to  the  end-t^'  ^^^^ 
end  anastomoses  of  upwardly  and  downward:  ^Bl)' 
direcled  branches  of  the  lateral  segmental  ve; — ^S* 
sels,  The  iniernal  mammaries  and  the 
trics  (Fig.  746)  are  (ormed  in 
branches  of  the  intercostal  arteries,  w 
tbey  remain  connected  to  a  greater  o 
tent ;  the  vertebrals  are  formed  from 
of  Ihe  lateral  cervical  vessels,  and  become 
pendcnt  stems  by  the  separation  of  these 
from  Ihe  dorsal  Iongitudinal  stems,  as  alread^:^ 
described. 

The  arteries  o(  the  limbs  are   formed,  a  ^ 
already  staled,  by  the  lateral  somatic  brancbe-ai 
of  the  seventh  cervical  and  Afth  lumbarsegmenU« 
respectively,  bul  inboth  limbsaseriesofchangeK 
is   necessary  bcfure  the   adult   arrangemcnt  tN 
acquired.     In  the  arm  the  suhciavian  artcry  al 
(irst  extends  as  a  single  matn  stem  as  far  as  the 
carpus.   uhere   it   lermlnates  by   dividing  inlo 
djgital   branches  for  the  fingers  (Fij;.  747,  A). 
Throughout   its   course  in   the   foreami   it  Iks 
between  the  two  bones,  resting  on  ihe  intenK- 
seous  membrane,  in   the  position  occupied  hy 
the   adult   anterior   interosseous   artery ;    from 
the  upper  part  of  this  portion  uf  its  course  a 
branch  is  given  off  which  lakes  a  more  super- 
ficial course,  acconipanying  the  median  ncrvr. 
This  median  artery  gradua11y  becomes  larger. 
tthile  the  anterior  interosseous  undei^toes  a  ««■■ 
respoiidi[i^  reirogression,    and   eventually  the 
mediaci,  l)y  fusing  with  the  lower  portion  of  tbc 
ii  uiii  snuii.    >;  5.    (Moli.)  interosseous,  forms  the  itiain  chaiinel  for  the digi- 

tal  branches  and  becomes  the  principal  artery  o( 
the forearm  ( Fig.  747.  ff).  Afurtherstage  is  markedby  the  development  of  theulnararteryasa 
branch  from  the  brachial,  and  this,  extending  down  the  ulnar  side  of  the  forearm,  unites  wilh  the 
median  to  form  a  carpal  arch  from  which  the  digital  branches  arise  (  C).  T^^ter  there  develops 
high  up  upon  the  brachial  a  superficial  brachial  arter)*.  which,  aftcr  traver^ing  the  brachium. 
passes  down  the  radial  side  of  the  foreann  and  near  the  wrist  passes  to  the  posterior  surfan, 
dividing  over  the  carpus  into  branches  for  the  dorsum  of  the  thumb  and  index-finger.  After  the 
appearance  of  the  ulnar  arter>-  a  reirogression  of  the  nn-dian  begins,  whereby  it  becomes  the 
a.  conies  nervi  mediani  of  Ihe  adult ;  a  branch,  ihe  superficial  volar,  arises  from  the  lower  part  of 
the  superficial  brachial  and  passes  dott'nward  into  the  palm  to  unite  with  the  palmar  arch  alreadv 
present  (D)  ;  and,  finaFly,  a  branch  arising  from  the  lower  part  of  the  brachial  anastomoses  with 
the  suiierticial  brachial  jusl  below  the  bend  of  the  elbow  and  together  uith  the  antibrachial  part 
of  Ihe  superficial  brachial,  forms  the  radial  anery.  The  upper  part  of  ihe  superficial  brachial 
then  degenerales  imtil  It  is  normallv  represented  in  the  adult  by  a  small  branch  of  the  brachial 
which  passes  to  the  biceps  muscle  (  E). 

In  the  leg  the  changes  are  eijuallv  complicated.  Primarily  it  is  the  sciatic  arter^-  which 
forms  Ihe  niain  stem,  extending  the  eniire  lenglh  of  the  posterior  surface  of  the  limb  into  thu 
plantar  surface  of  the  foot,  where  it  divides  inlo  the  digital  branches  (Fig.  748,  j4).  Tbeei- 
lemal  iliac  at  this  stage  is  a  re1alively  sleniler  vessel  which  exlends  but  a  shori  distance  down  the 
thigh  and  lerminates  in  what  is  later  the  profuiKia  femoris.    In  a  later  stage  there  arises  from 


DEVELOPMENT   OK  THE  ARTERIES.  849 

external  iliac  a  vessel  (sapk)  which  accuiiipaiiics  the  iiiteniul  ssiplKiKius  iitnt  douii  tli« 
and,  cnliTJng  tlic  fuul.  liik*.-s  froni  the  originul  miiin  stcm  its  diKital  braiiclics  ( /I  \.  1'rimi  tliis 
ihenous  arttrj'  ii  braiich  is  givcn  ufT  whicl)  picrccs  tht:  sutistance  uf  the  adduciur  niu|rnus  nius* 


/1^ 
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the  vessel  becomes  reduced  to  the  slender  a.  comes  nervi  ischiadici  of  the  adult.  Its  louer  por— 
tions,  which  l>econie  the  popliteal  and  peroneal  arteries,  now  seem  to  be  the  continuation  oi  ih« 
fenioral  {t.e.,  the  saphenous). 

From  the  lower  part  of  the  popliteal  a  brancharises  which  anastomoses  with  the  saphenous 
and,  together  \vith  the  lower  part  of  that  arterjr,  fornis  the  jKjsterior  tibial,  the  upper  part  of  th-^ 
saphenous  then  disapp>earing  except  in  so  far  as  it  is  represented  by  one  of  the  branches  01  th^ 
anastomotica  magna.  The  anterior  tibial  is  a  late  formation  resulting  froni  the  fusion  of  an  uppe=- 
and  lower  branch  from  the  peroneal  which  perforate  the  interosseous  membrane  {C)^  the  coi 
nection  of  the  lower  branch  with  the  i)eroneal  degenerating  after  the  anastomosis,  except  in 
iar  as  it  p>ersists  as  the  anterior  peroneal  arter>'  ( /)), 

THE  VEINS. 

The  veins  are  those  vessels  which  receive  the  blood  from  the  capillar>'  net-worlc 
and  retum  it  to  the  heart. 

Compared  with  the  arteries,  they  present  many  dififerences,  both  of  structure 
(page  677)  and  arrangement.     Their  walls  are  much  thinner,  so  that  the  color  o/ 
the  blood  which  they  contain  shows  through,  and  they  are  readily  compressible  to  the 
extent  of  a  complete  obliteration  of  their  lumen  and  are  also  exceedingly  dilatabJe. 
Notwithstanding  their  thinness,  they  are  less  easily  ruptured  by  over-distention  than 
are  the  arteries  and  are  capable  of  undergoing  a  remarkable  elongation,  those  of  an 
adult  withstanding  an  cxtension  to  at  least  50  per  cent.  more  than  their  original  length 
without  losing  their  elasticity — a  prGperty  which  explains  the  more  direct  coiirse 
taken  by  the  veins  as  compared  wilh  the  arteries  in  niobile  portions  of  the  bodv  (^.g., 
the  facial  vein  as  compared  with  the  arterv).      Indeed,  it  seems  that  the  veins  \ihen 
in  plače  in  the  body  are  always  stretched  to  a  considerable  extent,  the  cephalic  vein, 
for  example,  contracting  when  removcd  from  the  body  to  40  per  cent.  of  its  length 
in  the  extended  arm  (Bardelel)en). 

The  most  striking  structural  })eculiarity  of  the  veins,  however,  is  the  occurrence 
in  them  of  semilunar  valvcs,  arranged  usually  in  pairs,  with  their  cavities  directed 
towards  the  heart.  These  valves  rescmble  in  their  general  form  the  semilunar  valves 
of  the  systemic  and  piilmonary  aortre,  and,  as  in  those  vessels,  the  veins  are  some\vhat 
enlarged  immediatcly  above  the  attachment  of  each  pair,  so  that  the  blood  mav 
readily  flow  behind  the  valves,  force  their  free  margins  together  and  so  occludc 
the  vessel.  These  valves  play  an  important  part  in  directing  the  flow  of  blood  in 
the  veins  towards  the  heart,  since,  in  the  event  of  any  pressure,  such  as  that  exerted 
by  a  contracting  muscle,  acting  on  the  vein,  they  will  prevent  a  backward  flow  of 
blood  towards  the  capillaries.  Valves  do  not  occur  in  veins  of  less  than  i  mm.  in 
diameter  and  are  also  lacking  in  many  of  the  larger  triinks,  such  as  the  superior  and 
inferior  vena*  cavae,  the  pulmonary  and  the  portal  veins.  In  general  they  are  more 
numerous  in  the  veins  of  the  limbs  than  in  those  of  the  trunk  and  in  the  deep  than  in 
the  superficial  vessels. 

Their  number  in  any  vessel  in  which  they  normally  occur  is  subject  to  con- 
siderable variation  in  difTerent  individuals  and  even  on  opposite  sides  of  the  bodv  in 
the  same  subject.  It  seems  probable  that  this  variation  is  brought  about  by  a 
degeneration  of  a  greater  or  less  nimiber  of  the  pairs  originallv  present,  since  in  the 
majority  of  the  veins  the  number  of  valves  diminishes  with  age  (Bardeleben),  and 
even  in  adult  bodic^s  evidence  of  degeneration  may  be  seen  in  the  insufficiencv  of 
some  of  the  valvt^  or  even  in  their  perforation.  It  is  possible,  therefore,  that  the 
arrangement  of  the  valves  in  the  adult  is  a  secondarv  uondition,  derived  from  one  in 
which  the  valves  \vere  murh  more  numerous  and  vere  situated  at  regular  intervals 
along  the  vessels.  In  favor  of  this  vie\v  it  has  been  fcund  (Bardeleben)  that  in  certain 
veins  the  valves  in  the  adult  are  separated  by  intervals  either  of  a  definite  length  or  of 
a  multiple  of  this.  the  length  of  the  inter\'als  stan(l'ng  in  relation  to  the  length  of  the 
part  or.  in  general,  to  the  height  of  the  individua^  in  which  the  vein  occurs.  Thus.  in 
a  man  measuring  160  mm.  in  hei^hl,  the  valveii  of  the  right  long  saphenous  vein  i»ere 
scparatrd  hv  inter\*als  which  \vere  al!  approximately  multiples  of  6.85  mm.  in  length, 
whiU'  the  InttTvals  separating  the  valves  of  tht-  right  cef)halic  vein  were  approximately 
multi|)lt's  (»f  s. 2  mm.;  and  in  a  male  ihild  Si  cm.  in  height.  the  valves  of  the  right 
long  saphenous  vein  \vere  sep.'\ruted  hv  intervals  of  3  mm.  or  some  multiple  of  this 
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A  more  readily  appreciable  relation  of  the  valves  is  that  which  they  bear  to  the 
branches  uhich  open  into  the  vein,  a  pair  of  valves  being  found  immediately  distal  to 
theentrance  of  each  collateral  vein  ;  and,  furthermore,  a  pair,  or  at  leiist  a  singlevalve, 
very  generally  occurs  at  the  termination  of  a  vein,  where  it  enters  either  a  larger 
stem  or  the  heart.  These  terminal  valves  are  present  in  certain  veins  which  other- 
wise  are  quite  destitute  of  valves,  as,  for  instance,  in  the  internal  jugular,  the  internal 
maxillary,  and  the  vertebral  veins. 

It  has  alreadv  been  noted  that  valves  are  entirely  wanting  in  certain  veins.  Among  these 
are  the  sinuses  ot  the  cranium,  the  cerebral,  ophthalmic,  periosteal,  pulnionar>%  bronchial, 
portal,  renal,  uterine,  ovarian,  and  innominate  (Drachio-cepnalic)  veins.  and  the  superior  and 
mferior  vena?  cavae.  Furthennore,  they  are  usuallv  absent  in  the  comnion  and  internal  iliacs 
and  in  the  facial  veins,  although  occasionally  they  ocčur  in  aH  three. 

In  their  position  and  arrangement  also  the  veins  differ  noticeably  from  the 
arteries.  While  veins  are  usually  to  be  found  acconipanying  the  arteries,  enclosed  with 
them  in  a  common  fibrous  sheath,  additional  veins  of  considerable  size  are  abundant 
immediately  beneath  the  skin— a  condition  which  is  almost  entirelv  foreign  to  the 
arteries.  Furthermore,  although  in  a  general  way  a  vein  may  purstie  the  same 
course  as  an  artery,  it  may  lie  at  some  little  distance  from  the  latter  and  fail  to  follow 
its  course  exactly.  This  is  true,  for  instance,  of  the  facial  and  the  lingual  veins 
and  also  of  the  subclavian  vein,  which  is  separated  from  the  corresponding  artery  by 
the  scalenus  anticus  muscle  ;  this  likewise  applies  to  the  veins  at  the  root  of  the  neck 
which  accompany  in  a  general  way  the  branches  of  the  subclavian  arterv,  but  oj)en  into 
the  innominate  vein  instead  of  the  subcla\ian.  In  manv  cast*s  the  veins  which  accom- 
pany  arteries  are  double,  one  Iving  on  either  side  of  the  artery  and  forming  what  are 
genericallv  knovvn  as  vcnae  comites  ( venae  comitantcs  ).  The causes uhich  determine 
this  double  condition  are  obscure.  The  arrangement  is  not  found  in  the  larger 
venous  tninks,  occurring,  for  instance,  in  the  leg  onlv  belovv  the  knee  and  in  the 
arm  onlv  as  far  up  as  the  middle  of  the  brachium  ;  size  alone,  however,  does  not 
seem  to  be  the  determining  factor,  since  the  internal  mammarv  and  epigastric  veins 
are  double,  while  the  intercostal  and  lumbar  veins,  almost  of  the  siime  size  as  the 
former,  are  single.  Nor  does  the  qtiality  of  the  tissue  in  which  the  veins  occur 
determine  their  duplication,  for  those  \vhich  are  embedded  within  the  muscles  of  the 
tongue  are  doubled,  while  those  within  the  heart  musculature  are  single  ;  again, 
while,  as  a  rule,  the  veins  which  occur  in  tibrous  tissue— as,  for  instance,  the  menin- 
geal  veins — are  double,  vet  those  of  the  skin  are  single.  Finally,  it  may  be  noted 
that  there  are  exceptions  to  the  rule  that  the  veins  which  occur  in  the  cavities  of  the 
body  are  single,  since  a  duplication  is  found  in  the  spermatic  veins  and  also  in  those 
of  the  gall-bladder. 

Not  onlv  (loubling  of  many  of  the  veins  occurs,  but  a  prevailing  tendencv  exists 
towards  extensive  anastomoses  far  surpassing  that  displaved  by  anv  of  the  arteries. 
Even  in  the  cases  of  the  larger  proximal  trunks  Communications  exist,  those  betu-een 
the  pulmonarv  and  bronchial  veins  and  that  between  the  sup)erior  and  inferior  venae 
cav«e  by  way  of  the  azvgos  lx?ing  examples.  In  the  smaller  vessels  the  anastomoses 
are  often  so  numerous  as  to  result  in  the  fonnation  of  plexuses.  Venie  comites  are 
united  by  frequent  cross-connections,  sometimes  so  numerous  as  to  present  the  ap- 
pearance  of  a  plexus  surrounding  the  arterv.  Complicated  venous  plexust*s  also 
accomp;iny  the  various  ducts  <>f  the  bodv.  as,  for  example,  the  parotid  ducts,  the 
ureters,  and  the  vaša  (Ufirentia.  In  addition,  extensive  venous  plexuses  occur  in 
various  regions  <>f  the  bodv,  as  in  the  neighborhood  of  its  orihces.  in  the  terminal 
phalanges  of  the  tingers  and  toes.  in  the  diploe  of  the  skull,  in  the  spinal  canal,  in 
the  pelvis.  and  in  ronnoclion  \vith  the  genito-urinar\'  organs.  Since  the  larger 
trunks  usuallv  arise  at  several  points  l>oth  from  these  and  from  the  wider-meshed 
plexuses  occurring  clsruherc.  <>pportunity  is  thus  afforded  for  the  return  of  the 
blo<.xi  to  the  hran  l>y  difTert-nt  paths — an  arnmgement  explaining  the  frequent  ineffi- 
ciency  of  a  lijLration  of  <*v<*n  lartje  trunks  to  prevent  venous  hemorrhage. 

Special  inmiion  shoiild  Ih'  made  of  one  set  of  the  venous  channels — namely, 
the  shntsrs  of  the  dura  fttatcr — \vhi(*li  establish  communication  between  the  cerebral 
and  ophthalmic  veins  and  the  internal  jugular.     They  are  channels  contained  within 
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the  dura  mater,  lined  by  an  endotheliuin  siniilar  to  and  continuous  with  that  of  ihe 
cxlracranial   veins,    but  lack   any  extensive  development  of   elastic   fibres    in    their 
walls,  which  are  fornied  by  the  dura.     They  possess  no  valves,  althoujjh  in  certain 
of    theni,  as   in   the  superior   longitudinal   and   cavernous    sinuses,    the   lumen    is 
traversed   by   irregular    trabecula    of    fibrous   tissue.      These   are    esi)ecially    weil 
developed  and  ahiiost  tendinous  in  character  in   the  superior   longitudinal    sinus. 
while  in  the  cavernous  sinus  they  are  softer,  and  from  them  and  from  the  ualls  of  thcr 
sinus  fringe-like  prolongations,  .5-2  mm.  in  length,  project  frcely  into  the  lumen. 
Connected  with  certain  of  these  sinuses  and  developed  from  certain  of  the  smaller 
veins  which  open  into  them  are  so-called  blood-lakes  ( lacunac ) — cavities  or  plexuses% 
in  the  dura  mater,  lined  with  endothelium,  and  connecting  either  directly  or  by  nieans 
of  a  short  canal  \vith  an  adjacent  sinus.     They  are  usually  situated  more  or  less  sym- 
metrically  with  reference  to  the  sinus  with  vvhich  they  are  connected,  and  some  are 
very  constant  in  occurrence.     Thus,  a  certain  number  usually  occur  on  either  side 
of  the  superior  longitudinal  sinus  (page  1199),  others  in  the  tentorium  cerebelli  con- 
necting  with  the  lateral  sinus,  others  in  the  middle  fossa  of  the  skull  along  the  course 
of  the  meningeal  veins,  and  others  in  the  vicinity  of  the  straight  sinus.     They  occasion- 
ally  reach  a  considerable  size,  bulging  outward  the  dura  which  encloses  them  and 
excavating  by  absorption  irregular  depressions  upon  the  inner  surface  of  the  skull. 
Occasionally  this  absorption  of  the  cranial  bones  proceeds  so  far  that  bulging  of  the 
outer  table  of  the  skull  o  ver  a  lake  takes  plače,  and,  in  the  čase  of  those  occurring 
along  the  course  of  the  superior  longitudinal  sinus,  Pacchionian  bodies  developed  from 
the  subjacent  arachnoid  tissue  may  in  vade  them,  pushing  before  them  the  attenuated 
floors  of  the  lakes. 

Classification  of  the  Veins. — Theoretically  a  description  of  the  veins  should 
start  with  the  peripheral  vessels  and  proceed  towards  the  great  trunks,  following  the 
course  of  the  blood.  Such  a  method  uould  prove,  however,  somewhat  confusing, 
largely  on  account  of  the  numerous  anastomoses  that  occur  ;  it  is  preferable,  therefore, 
to  base  a  classification  primarily  upon  the  great  trunks  and  to  consider  their  afferents 
to|X)graphically,  according  to  the  areas  which  they  drain. 

From  the  embr>'ological  stand-point.  there  are  primarily  four  great  systems  of 
veins  :  ( i )  the  cardinal  svstcm,  represented  by  the  vena  ca\'a  sup)erior  and  its  tributa* 
ries  ;  (2)  the  inferior  caval  svstem  :  (3)  \\\it  porta/  systcm  ;  and  (4)  the  puimonarr 
sysiem,  Owing  to  subsequent  changes,  it  is  necessary  to  recognize  in  the  cardinal 
system  three  sub-systems  :  ( i )  that  of  the  cardiac  veins  ;  ( 2 )  that  of  the  superior 
vena  cava  and  its  tributaries,  except  (3)  the  azygos  veins.  In  ali,  then,  six  great 
systems  of  veins  may  be  recognized  in  the  adult.  They  are  as  follows  : 
,  I.  The  pulmonary  svstem. 

2.  The  cardiac  system.  ) 

3.  The  superior  caval  svstem.    >-The  cardinal  system. 

4.  The  azygos  svstem.  ) 

5.  The  inferior  caval  svstem. 

6.  The  portal  system. 

In  the  descriptions  \vhich  follovv  the  veins  are  considered  on  the  basis  of  thls 
classification. 

THE    PILMONARV   SVSTKM. 

Thk  Pulmonarv  \'eins. 

The  pulmonarv  veins  (venae  pulmonales)  (Figs.  749,  750)  are  four  in  number. 
two  passing  from  the  hilum  of  each  lung  to  the  posterior  suriface  of  the  left  auricle  of 
ihi*  hcart.  Eiich  vein  is  formed  at  the  hilum  of  its  lung  by  the  union  of  a  number 
of  smaller  vessels  \vhich  take  origin  ultimatelv  from  the  capillary  net-work  formed  by 
the  hranchcs  of  the  pulmonarv  arlerv  and  to  a  certain  extent  from  that  formed  by  the 
hronchi.il  arterics.  The  arrangement  of  the  afiferent  branches  in  the  substance  of  the 
Innj^s  is  (icscrilH-d  in  connection  \vith  the  anatoinv  of  these  organs  (page  1854),  and  it 
\vill  1k-  siitVicicnt  to  note  here  that  thev  correspond  in  number  to  the  branches  of  the 
pulmonarv  arttTv  and  of  the  hronrhi  and  pursue  a  course  more  or  less  independent 
of  these,  \vhi<  h  lie  side  l>y  side.  Convi-r^ing  and  uniting  as  they  pass  towards  the 
hilum,  the  branches  from  the  snprrior  lobe  of  each  lung  unite  to  form  the  superior 
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pulinonary  vein  of  that  side,  those  from  the  infcrior  lobe  uniic  tu  form  tliu  in- 
ferior  pulmonary  vein,  »hilt  those  from  thc  middlc  lobe  of  ihe  riKlit  luiin  uiiite 
to  form  a  single  trunk  which  usually  opens  into  the  right  superior  vein,  although  it 
occasionallj-  opens  independently  into  the  left  auricle.  formiug  whal  is  ihcn  termed 
the  middie  pulnnmary  vein. 

Each  of  the  four  pulmonary  veins  has  a  length  of  alx)ut  15  mm.,  and  for  about 
»ne-third  of  its  coursc  is  |)arti^ly  invested  by  the  visceral  layer  of  the  pericardium 
(page  715).  The  right  superior  vein  is  usually  slijfhtly  the  targest  of  the  foiir,  whilc 
the  ieft  superior  is  the  smallest,  the  right  and  itft  inferior  veins  lie ing  abi)ut  t)ic  siinie 
size.  No  valves  occur  either  throughout  the  couree  or  at  thc  orilices  of  the  pulmonary 
veins. 

Relations. — The  superior  piilnionary  veins  have  a  course  which  is  obiiquely 
downward  and  inward.  In  their  extrapericardial  portion  they  fie  anterior  to  and 
below  the  ])ulmonary  arteries,  and  are  separate«!   hy  theni  from  the  bronchi;   the 

Fio.  749. 


vein  of  the  right  sidi-  is  en 
the  vena  cava  snperior. 
behind  tht*  Icrminat  ]>ortiii 
piilmonarv  ;...rta  (  pulrncn 
corresptinding  inforinr  vi-in 


(■<]  from  atx)\e  downward  hy  the  phn 
ils  intrapiTicardial  piirtion  the  right 


vein  ties 

i()erior  \ena  cava  and  the  left  ime  fx'hind  thf 

in.-  artervl.  nhiie  postcriorfv  each  is  in  relation  with  its 

■  more  horizontal  in  jto.-iition.  tint  are  directeii  forward 
a.s  uoll  as  inuar.i.  'rii<'\-  lit-  in  a  plane  ronsider;ihl\-  jHisterior  to  that  of  the 
corres|xj[i<iing  snpcriur  vi^ins  and  are  sitnateil  internallv  to  an<l  lH'hind  an  anterior 
descending  Iminrh  of  ciich  hronchns. 

Anastomoses. — fn  adthtlon  to  serving  for  the  relurn  llow  of  the  IiIoihI  carried 
to  the  Uings  liv  the  piilmonarv  arttries,  the  piilmonarv  veins  alsi)  receive  a  ctrtain 
of  the  hl<ifMl  carried  liv  th<-  bnmchijil  arteries.      Communicattons  tH'lween 
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the  bronchial  and  pulmonary  veins  in  the  region  of  the  smallcr  bronchi  are  abunda 
anci,  in  addition,  the  main  stems  of  the  pulmonary  veins  receive  at  the  hilum  of  t 
lung  one  or  more  branches  from  the  larger  bronchial  veins.  They  also  receive  co 
munications  from  the  venous  plexus  which  surrounds  the  thoracic  aorta  in  the  p^ 
terior  mediastinum,  and  occasionally  also  a  vein  from  the  pericardium.  There 
thus  a  certain  commingling  of  venous  blood  with  the  arterialized  blood  which  fonL 
the  principal  contents  of  the  pulmonary  veins. 

Variations. — At  one  stage  in  the  development  of  the  embr>'o  the  veins  from  each  li 
converj^e  to  a  singie  short  trunk  before  opening  into  the  iK)rtion  of  the  atriuni  which  corres|x>i 
to  the  lelt  auricle.  As  the  development  of  the  heart  proceeds,  this  trunk  is  }a'adually  taken 
into  the  auricle,  until  the  two  stems  which  unite  to  form  it  open  inde|)endently  into  \' 
structure.     An  inhibition  of  this  process  occasionally  obtains,  so  that  but  a  singie  vein.  rej 

sentinp  the  original  terminal  trunk,  opens  into  the  auricle  from  one  lunp  or  from  lx>th.     On ^ 

other  hand,  the  taking  up  of  the  pulmonary  vein  into  the  wall  of  the  aunde  may  proceed  furtk — j^ 
than  usual,  or,  to  state  it  p)erhaps  more  correctlv,  the  union  of  the  various  stems  emerjnng  frc=:.^}} 
the  hilum  of  the  lung  may  be  partlv  delayed  until  they  have  reached  the  original  terminal  tnir^/. 
so  that  when  this  is  taken  up  into  the  auricle  an  additional  vein  will  open  independently  into  the 
latter.    This  extra  vein  is  most  frequently  that  from  the  middle  lobe  of  the  right  lung,  but  thwtf 
distinct  veins  have  also  been  obser\'ed  upon  the  left  side. 

THE   CARDINAL    SVSTEM. 

The  Cardinal  system  of  veins  is  so  named  because  its  main  trunks  are  the  repre- 
sentatives  of  the  cardinal  vems  of  the  embryo.  These  veins  are  four  in  number, 
disposed  synimetricaily  in  pairs,  t\\'o  returning  the  blood  from  the  head,  neck,  anii 
upper  extremities,  while  the  other  t^\o  retum  that  from  the  thoracic  and  abdominal 
walls,  from  the  thoracic  viscera,  and  from  the  lower  extreinities.  Just  before  thev 
reach  the  heart,  the  superior  and  infcrior  or  posterior  cardinal  veins  of  each  side 
unite  (Fig.  776)  to  form  trunks  known  as  the  duds  of  Cuvicr,  the  two  ducts  o{>ening 
independently  into  the  primitive  right  auricle.  By  a  series  of  changes,  which  are 
described  more  fully  in  the  section  on  the  development  of  the  veins  (page  927),  the 
left  superior  cardinal  becomes  connected  vvith  the  right  at  the  base  of  the  neck,  the  stem 
so  formed  constituting  what  is  termed  the  superior  vena  cava.  The  portion  of  the 
left  superior  cardinal  between  the  connecting  vessel  and  the  heart  becomes  greadv 
reduced  in  size,  indeed,  almost  completely  degenerates ;  the  left  duct  of  Cuvier, 
however,  persisting  as  the  coronary  sinus,  which  receives  the  coronar)-  veins  retuming 
the  blood  from  the  heart* s  walls.  On  the  de\elopment  of  the  vena  cava  inferior  the 
veins  of  the  lower  extremity  make  connection  with  it,  separating  from  the  inferior 
cardinals;  these  latter  become  considerably  reduced  in  size,  especially  in  the  abdominal 
region,  a  cross-connection  develops  bet^\'een  the  left  and  right  veins,  and  the  former 
severs  its  connection  \vith  the  left  ductus  Cu\'ieri,  the  final  result  being  the  formation 
of  the  veniu  azvgos  and  hemi-azygos  of  the  adult. 

There  are,  then,  developed  from  the  cardinal  veins  of  the  embryo  three  sub- 
systems  of  vdns  :  d)  that  of  the  cardiac  veins  ;  (2)  that  of  the  superior  vena  cava, 
which  includes  the  jugular  and  subclavian  groups  of  veins,  the  original  suj)erior 
cardinals  being  represented  by  the  internal  jugular  veins  ;  and  (3)  the  azygos  sub- 
system.     These  will  be  considered  in  the  order  in  \vhich  they  have  been- named. 

THE   CARDIAC    VEINS. 
Thk  Coronarv  Sini^s. 

The  coronarv  sinus  (sinus  coronarius)  (Fig.  750)  is  a  short  venous  trunk  about 
3  cm.  (  a  little  over  an  inch )  in  length,  \vhich  occupies  the  right  half  of  that  portion  of  the 
posterior  auriculo-ventricular  groove  \vhirh  lii»s  iH't\veen  the  left  auricle  and  ventricle. 
/\t  its  rijL^ht  end  it  opens  into  the  right  anrirle,  its  orifice  ( Fig.  657 )  being  sitiiatetl 
upon  tht*  j)<>sti'rif)r  surfare  of  the  aurirle,  helo\v  that  <>f  the  inferior  vena  cava.  and  l>eing 
guanl<'<i  l)y  thr  Thrbrsian  rahr  {  valvula  sinus  coronarii ).  At  its  left  end  it  receives  the 
great  coronarv  vein,  from  \vhosi'  proxinial  portion  it  is  not  always  clearlv  distinguish- 
ublc  upon  supcrficial  exaniination.  A  dos«*  inspertion  usually  reveals,  however, 
either  a  constricti<Mi  or  a  slight   dilatation  at   the  union  of  the  t\vo  vessels,  and  on 


.      THE  CARDIAC   VEINS.  855 

taying  them  open  a  distinct  viilvv,  of  uither  one  or  two  cusps,  but  usually  insufiii' 
dei^t,  will  be  foiind  at  their  line  ol  junction.  This  viilvo  is  kiiown  as  tlit  valve  of 
Vieuisens.  F^urthermorc,  the  walls  of  the  sinua  dificr  fniin  thosc  of  tlie  vein  in  pos- 
sessin^  a  coniplctc  layer  of  inuscular  tibres,  both  obliquc:  and  circular,  oontinuous 
with  thc  musculature  of  the  auricle. 

In  addition  to  the  great  coronary  \ein,  the  coroiiary  sinus  also  receives  the 
posterior  vein  o(  the  lefi  ventricle  and  the  middle  cardiac  vein,  which  open  into  it 
irom  below,  and  the  oblique  vein  of  the  left  auricle,  which  passes  to  it  Irom  above. 

Variationa — Tlie  coronary  sinus,  as  already  stated,  represenis  the  left  ducliis  Cuvieri  of 
the  einbryo.  It  varies  someuhat  in  lei^th,  reachmg  in  extrenie  oase.s  a  length  uf  5.4  cm.  It  has 
been  observed  to  be  oblltemted  at  its  entrance  into  the  rif^ht  auricle.  the  creat  coronary  vein 
then  openinK  into  the  left  innoniinate  I  brachio-cephallc)  vein,  and,  in  addition  to  the  veins 
already  noted  as  emptying  inio  it,  it  frequently  receives  the  marginal  vein  of  the  left  ventricle. 

I.  The  Left  Coronar/  Vein. — The  great  cardiac  or  left  coronary  vein  (v.  cor- 
db  magna)  (Fig.  749)  begins  upon  the  anterior  surbce  of  the  heart  at  the  apex, 
where  it  anastomoses  with  the  veins  of  the  posterior  surface,  and  ascends  the  anterior 


iprrior  rijhl  pulmna 


Infcdor  vena  cava 


RikM  coron. 

i^rS 

ri«hl 

Dl  righl  « 

KNdin« 

brane 

MIddIc  cirdi 

iac  viin 

itring  blood-vi 


interventriciihir  groove  in  connanv  »ilh  ihu  left  coronarv  arterv.  to  the  anterior 
auriculo-ventricnlar  [•'"'"'ve.  in  «hich  it  ;xisses  to  the  left  and,  cur^•^n^;  arnund  the  left 
lx)rder  of  the  ln^trt  ti)  thf  p<isterior  surface.  terminates  by  openin^  into  the  left  end 
of  the  coroniirv  sinus. 

In  the  vertiiiil  jii.rtion  of  its  conrse  it  reoi-ivis  \-eins  froni  the  atiterior  surface  of 
lxnh  venirides,  -in-l  in  its  cnurse  in  ihi'  auriculo-ventricular  i^roove.  thnniKhoiit  which  it 
is  emlK-dili,-«!  in  th-'  i.it  «  hirli  usuallv  ncnipit-s  the  nnM>vc.  it  n-rc-ivis  a  numlicr  of  small 
veins  frimi  the  snriiuis  i>f  U>th  thi-  left  ;inricle  and  ventriHe.  Amontr  ihose  from  the 
ventricle  tli.-re  is  cspcii.illv  t.i  Ite  nientioiu-tl,  as  larm-r  and  miire  conslant  than  the 
resi,  the  vena  marginalis  sinistra.  which  ascends  aloni;  ihe  left  Iviriler  of  the  heart 
and  emplii-s  intu  tlu-  j^real  coroniirv  vein  shorllv  l>ef(ire  its  opening  into  the  sinus. 
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2.  The  Postcrior  Cardiac  Vcin. — The  posterior  cardiac  vein  (v.  posterior 
ventriculi  sinistri;  ascends  along  the  posterior  surface  of  the  left  ventricle,  lying  about. 
midway  between  the  left  border  of  the  heart  and  the  posterior  inter\'entricular  groove' 
and  receiving  collateral  branches  from  the  waHs  of  the  ventricle.  It  opens  abovc? 
into  the  coronary  sinus  near  the  point  of  entrance  of  the  great  coronary  vcin  and 
occasionally  unites  with  that  vessel. 

3.  The  Middle  Cardiac  Vein. — The  middle  cardiac  vein  (v.  cordis  media  > 
(Fig.  750)  occupies  the  posterior  interventricular  groove,  accompanying  the  righ^ 
coronary  artery.  It  arises  in  the  vicinity  of  the  apex  of  the  heart  and  ascends, 
receiving  collateral  branches  from  the  posterior  surfaces  of  both  ventricles,  to  open 
into  the  coronary  sinus  near  its  termination.  This,  next  to  the  great  coronary  vein,  is 
the  largest  vein  of  the  heart,  and  occasionally  opens  independently  into  the  right 
auricle  close  to  the  entrance  of  the  coronary  sinus. 

4.  The  Right  Coronary  Vein. — The  small  cardiac  or  right  coronar>'  vein 
(v.  cordis  parva)  (Fig.  750)  occupies,  when  present,  the  right  half  of  the  posterior 
auriculo-ventricular  groove  and  opens  into  the  coronary  sinus  just  before  its  termi- 
nation. Occasionally  it  opens  into  the  middle  cardiac  vein,  or  directly  into  the 
right  auricle,  and  is  not  infrequently  lacking  as  a  distinct  vessel,  the  tributaries 
which  empty  into  it  from  the  posterior  suriacc  of  the  right  auricle  and  the  upper 
part  of  the  posterior  suriace  of  the  right  ventricle  then  opening  direcdy  into  the 
auricle.  One  of  the  largest  and  most  constant  of  these  tributaries  ascends  along 
the  right  border  of  the  right  ventricle  and  is  termed  the  right  marginal  vein  or 
vein  of  Galen. 

5.  The  Oblique  Vein  of  the  Left  Auricle. — The  oblique  vein  of  the  left 
auricle  (v.  obliqua  atrii  sini^stri),  also  known  as  Marshair s  vein,  is  a  small  vein  of 
variable  development  which  descends  obliquely  over  the  posterior  surface  of  the  left 
auricle  and  opens  below  into  the  coronary  sinus.  Alx)ve,  it  is  continuous  with  a 
fibrous  cord  contained  within  the  vestigial  fold  of  the  pericardium  (page  716),  the 
cord  and  vein  together  representing  the  lower  part  of  an  original  left  superior  vena 
cava.  The  degree  of  development  of  the  vein  varies  gready,  and  occasionally  the 
fibrous  cord  retains  its  original  lumen,  so  that  a  more  or  less  develof)ed  left  superior 
vena  cava  is  rcally  present.  This  anomaly  may,  however,  be  more  convenientlv 
considered  in  connection  with  those  of  the  superior  ca  val  system  of  veins  (ps^e  859). 

In  addition  to  these  principal  veins  of  the  heart  there  is  a  varying  number  of 
others  vvhich  open  directly  into  the  right  auricle  and  are  situated  upon  the  anterior 
surface  of  the  right  ventricle,  whence  they  ha  ve  been  termed  the  anterior  cardiac 
veins  (vv.  cordis  antcriores).  They  are  ali  comparatively  short  vessels  and  usuallv 
accomi)any  descending  branches  of  the  right  coronary  artery.  Owing  to  the  fre- 
tiuency  with  vvhich  it  opens  directly  into  the  auricle,  the  vein  of  Galen  is  usuallv 
regarded  as  one  of  this  group  of  veins. 

Finally,  the  Thebesian  veins  (vv.  cordis  minimae)  form  part  of  the  cardiac 
venous  systcm.  These  are  minute  veins,  imbedded  in  the  substance  of  the  heart 
vvalls,  and  communicating  with  the  heart  cavities  by  means  of  the  Thebesian  foramina 
(page  716),  which  occur  most  abundantly  upK)n  the  walls  of  the  right  auricle,  though 
also  upon  those  of  the  left  auricle,  and,  less  abundantly,  upon  those  of  the  ventricles. 
A  t  their  other  ends  these  veins  communicate  in  the  heart' s  substance  with  the  radicles 
of  the  other  cardiac  veins,  and,  in  cases  of  stenosis  of  the  coronary  arterics,  may 
consequently  contrihute  to  some  extent  to  the  nutrition  of  the  heart  musculature, 
carryiiig  l)lo()(l  to  it  directlv  from  the  heart  cavities. 

Valves  of  the  Cardiac  Veins. — The  T/ubtsia7i  valve,  which  guards  the  right 
auricle,  may  Ih.*  considered  as  the  ostial  valve  of  that  vessel,  which  throughout  its 
(^)urse  is  dc-stitute  <»f  valves.  So,  too,  throughout  the  e.xtent  of  the  cardiac  veins 
valves  are  entirelv  lacking,  Init  rertain  of  those  \vhich  open  into  the  coronar\-  sinus 
are  provi(le<l  \vith  ostial  valvts.  That  of  the  great  coronarv  vein  is  the  vah*e  of 
Mnissens,  and  others  are  usuallv  present  at  the  niouths  of  the  middle  vcin  and  the 
j)oslrri<>r  veiu  of  ihe  left  ventricU'.  and  less  constantlv  at  the  mouths  of  the  marginal 
and  thr  small  roronarv  veins.  These  valves  may  be  either  single  or  |xiired  and  are 
fre(|uently  insufticient.  No  valv<*s  are  present  ritlier  throughout  the  course  or  at  the 
oritire  of  the  ol)li<iuc  \iMn  of  the  left  auricle. 
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V«rUtioiw.— The  principal  variatiuas  which  otcur  in  conneciion  with  the  cardiac  veins  havt 
been  noted  in  ihe  descnptiun  uf  the  vesscis,  and  it  ikkč  only  be  addtK]  thai  tht  ublique  vdn  uf 
the  left  auricie  is  not  infrequ(:nlly  t;ntirciy  lackin^,  c-Kcept  in  so  far  iis  il  is  rtpreseiited  \>y  a 
nbrous  cord,  that  absence  uf  the  great  coronat)'  vein  has  been  ubstrv-td,  and  ihat  thu  middle 
vein  occasional1y  opens  directly  into  the  righl  auricle. 


THE  SUPERIOR  CAVAL  SVSTEM. 
The  Vena  Cava  Superior, 
The  superior  or  descending  vena  cava  (Kigs.  749,  751)  is  the  main  venous  trunk 
whtch  delivers  to  the  heart  the  blood  returniiig  from  the  hvad,  ncck,  iippcr  tinibs,  and 
thorax.  It  measures  7-8  cm.  (3  in. )  in  length,  and  has  a  diameter  at  its  termination 
of  abotit  z. 2cm.  (alittleless  than  i  in.).  It  is situated  throughout  its  entire course  in 
the  thoracic  cavity.  Iving  in  the  superior  mediastinum,  and  is  fomied  iminediatel)' 


Kiu.  751 


bdow  the  Iowit  hordcr  o(  the  first  costal  cartiktRe  ol  the  right  sitie  tiv  the  union  tif  the 
rijfht  and  Mt  innfimiiiate  (brachio-cephalic>  veins.  [ts  course  is  (iownward  and 
slightly  backMani,  Hith  ;i  cur\;iture  corres]>i»ndinK'  to  the  first  [«>rtion  of  the  arcti  of 
the  aorta,  with  \ihiih  it  is  in  rclation.  Ilflow.  it  opens  into  the  iipp<T  i>osterior  portion 
of  the  rifiht  auricle  nn  a  level  with  the  ihird  costiil  curtitage  of  tiu-  right  side. 

Relations.-  The  luwir  |nirlion  c.f  ihe  .superior  vona  rava  is  invi-sti-d  by  the  peri- 
curdiuin  to  an  cMint  \arying  fnini  a  fv\v  to  40  mm. .  on  an  averajje,  ]>erhaps  to  alKiut 
one-third    it>  It-ngth.      The  upper  extra|>ericardial  piirtiim    is  in  reiation  anlfHoriji 
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with  the  thyinus  gland  or  the  fatty  tissue  which  replaces  it,  and  is  overlapped 
the  right  pleura  and  lung.     Behitid^  it  crosses  the  origin  of  the  right  bronchus  a 
the  structures  at  the  root  of  the  right  lung,  from  which  it  is  separated  by  numeroc^-i 
lyinphatic  nodes  ;  to  the  right  it  is  in  contact  with  the  pleura  covering  the  inner  sui 
of  the  right  lung  and  with  the  right  phrenic  nerve  ;  and  to  the  le/t  it  lies  alongside 
ascending  portion  of  the  aortic  arch. 

In  its  lower  intrapericardial  portion  it  has  to  the  left  the  systemic  aorta:  anteriorm 
the  right  auricle;  posteriorly,  the  right  pulnionary  artery,  the  right  superior  pr 
monary  vein,  and  the  right  bronchus,  while  upon  the  right  it  is  free. 

The  vena  cava  superior  contains  no  valves. 

Tributaries. — In  addition  to  the  right  and  left  innominate  veins.  by  the  unii 
of  which  it  is  forined,  the  vena  cava  superior  receives  the  vena  azygos  major 
small  veins  from  the  mediastinum  and  pericardium. 


Variations. — Cases  ha  ve  been  recorded  in  which  the  vena  cava  superior  received  the  ri: 

intemal  maniniar>'  or  the  right  sujjerior  intercostal  vein  which  normally  o{>en  into  the  ri; 

innominate  vein.     It  may  also  receive  the  vena  thyreoidea  ima,  a  vein  only  occasionany  presci?/ 
and  draining  the  territor>'  supplied  by  the  art.  thvreoidea  ima. 

A  more  remarkable  and  rarer  variation  is  the  union  with  the  superior  vena  cava  of  a  čem- 
paratively  large  vein  which  issues  from  the  right  lung.  A  similar  condition  has  been  observed 
m  connection  with  the  innominate  veins,  and  its  probable  significance  will  be  considered  in 
connection  with  the  variations  of  those  vessels. 

Practical  Considerations. — The  superior  vena  cava  would  be  involved  in  a 
stab-wound  passing  through  either  the  fitst  or  the  second  intercostal  space  on  the 
right  side,  close  to  the  stemum.  The  vessel  is  subject  to  compression  in  aneurism 
of  the  ascending  aorta  (^.7'.),  producing  venous  congestion  in  the  veins  of  the  neck 
and  of  the  upper  cxtrcmities. 

The  Innominate  Veins. 

The  innominate  or  brachio-cephalic  veins  (w.  anonyinae)  (Fig.  751)  are  two  in 
number,  a  right  and  a*  left.  They  are  situated  in  the  upper  portion  of  the  thoracic 
cavity,  being  formed  by  the  union  of  the  intemal  jugular  and  subclavian  veins.  and 
terminate  by  uniting  opposite  the  first  costal  cartilage  of  the  right  side  to  form  the 
vena  cava  superior.  The  union  of  the  intemal  jugular  and  subclavian  vein  take5 
plače  on  each  side  opposite  the  sternal  end  of  the  clavicle  ;  but,  since  the  vena  ca\'a 
superior  lies  entirely  to  the  right  of  the  median  line  of  the  body,  the  left  innominate 
vein  has  a  much  greater  distance  to  traverse  in  order  to  reach  its  point  of  termination 
than  has  the  right  one,  and  consequendy  it  will  be  necessary  to  describe  each  vein 
separately. 

The  right  innominate  vein  has  a  length  of  2-4  cm.  (^-i>ž  in.)  and  an 
almost  vertical  course,  opening  directly  downward  into  the  vena  cava  sup)erior.  It 
lies  behind  the  inner  end  of  the  right  clavicle,  from  \vhich  it  is  separated  by  the  lower 
portions  of  the  sterno-hyoid  and  stemo-thyroid  muscles,  and  a  little  lower  it  is  behind 
the  first  right  costal  cartilage.  To  the  right  it  is  in  relation  with  the  inner  surface 
of  the  right  pleura  and  with  the  right  phrenic  ner\-e,  to  the  left  \vith  the  brachio- 
cephalic  arterv  and  right  pneumogastric  ner\'e,  and  behind  with  the  pleura. 

The  left  innoniinate  vein  has  a  length  almost  double  that  of  the  right,  meas- 
uring  5-9  cm.  {2-y^  2  in.)  from  its  origin  behind  the  sternal  end  of  the  left  clavicle 
to  its  union  with  the  right  vein  to  form  the  vena  cava.  Its  course  is  transversc 
from  left  to  right  and  at  the  same  time  slightly  downward.  and  it  extends  completely 
across  the  uppermosl  part  of  the  thoracic  cavity,  resting  below  upon  the  aortic  arch. 
and  passing  in  front  of  the  left  subclavian  and  common  carotid  arteries,  the  trachea, 
the  brachio-cephalic  arterv,  aiul  the  pneumogastric  nerve.  It  is  separated  from  the 
manuhrium  sterni  by  the  insertion  of  the  sterno-hvoid  and  sterno-thyroid  muscles  and 
by  the  fattv  tissue  representing  the  thvmus  gland,  and,  l)eing  on  a  level  with  or 
slightlv  ahove  the  upper  border  of  the  manuhrium,  it  can  usually  be  felt  in  the  supia- 
sternal  fossa. 

Neither  of  the  innominate  veins  possessc^  valves.  The  left  is  of  somewhat  greater 
diameter  than  the  right,  o\ving  to  the  greater  number  of  tributaries  which  it  receiv 
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' As  puinlc-d  out  in  theaccountut  thedc-velupnicntur  theKreatveins  (paKi:936), 
tbere  is  at  unc  stat;«;  a  syniiiietrical  ananKenitrnt  uf  the  vcssels  Hhich  open  iiilo  ihe  righl  auricie 
from  abuve  ;  in  uthcr  wurds,  the  lefl  intemal  juKular  is  conlinued  diriMrllj-  du»  iiH'arJ  fruni  the 

Kint  where  the  lelt  subclavian  vein  opeiis  into  it  to  thc  auricie.  Uiis  downward  i-ontlnuatiun 
inR  usuallv  iL-rmL^J  (ht;  k-ft  :iup<;riur  vena  cava.  Latcn"  a  i.Tiiss-cunnL'<:tion.  the  kft  innutninute 
vein,  forms  i>etween  the  right  and  left  juj^lare  at  the  root  of  the  neck.  and  the  Icft  supi-rior  vena 
cava  tben  normallv  undeTRoes  de^neration,  tracvs  of  it  onlj-  {lersistinK  as  the  ul)lique  vcin  of 
the  lefl  auricle  and  the  corunar)-  sinus. 

Occ3sionally  this  nonnal  pr<^ress  of  events  fails  lo  occur,  the  resiilt  beinj;  the  compU-te 
absence  or  imperfect  development  of  the  left  innofninate  vein  together  iiith  a  |>ersistt-nce  ot  the 
"  "  »'ith  the  periect  develoiimeni  of  the  left  innominate,  there 


lett  superior 

may  bč  a  failure  of  the  left 
superior  vena  cava  to  degen- 
eraie.  \'arious  ^adaiions 
betueen  the  einbr>'onic  and 
adult  i-onditions  may  occur, 
and    the    annexed    dia^cram 


Fig.  75J. 


iFiK'  75*1  shows  the  n 
o(  the  anomalv.  It  m; , 
noted  that  with  the  peraisi- 


it  inay  be 


ence  o(  the  left  superior  vi 
cava  there  is  frequentl}-  a 
retention  of  the  communica- 
lion  with  it  of  the  left  cardinal 
vein,  which  nonnnlly  be- 
comesthev.  hemi-azvpjs.  —  a 
condition  which  wi11  De  more 
especially  considered  in  con- 
nection  with  the  anomalles  of 
the  a2yKos  veins  ( pa^e  893 ). 

Practical  Consid- 
erationa.^The  left  in- 
nominate  vein,  running 
horizontali/  yast  betow  the 
upper  border  of  the  ma- 
nubrium,  lies  immediately 
above  the  aorti  c  arch. 
Whcn  the  latter  is  unusuallv  high,  and  occasionally  in  children,  the  vein — especially 
if  engorged — mav  projecl  above  the  level  of  the  suprastcrnal  notch  and  inay  be 
endangered  during  a  thyroidectoiny,  the  removal  of  a  tumor,  or  a  low  tracheotomy. 


Tributaries,  — In  addition  to  the  subclavian  and  internal  jugular  veins,  by 
whose  union  they  are  fornied.  each  innominate  vein  receivt.-s  f  i  )  the  t/cefi  cerfical, 
(j)  ihe  vfrtebral.  (^)  thii  intcrnai  mammary,  aiifi  (4}  thii  injc-rior  lkyroid  vems  ol 
its  sidc.  Thu  left  innominate  vein  receives  in  addition  {5)  the  superior  phrcnie, 
(6)  the  thymic,  (7)  the  perkardiai.  (8)  the  anlerior  mediaslina/,  and  (9)  the 
le/i  superior  intercostal  \ein,  Of  these  the  left  superior  intcrcostal  vein  will  be 
described  with  the  other  intercoatals. 

I.  The  Deep  Cervical  Vein, — The  deep  cervical  vein  fv.  cei^tcalis  profbnda) 
takcs  its  oriyin  in  a  plk;xus  situated  in  the  occipital  trianj;lc  and  havinff  also  con- 
ncctcd  with  it  the  veriehral  and  iKcipital  veins.  It  j>a.s,ses  down  the  ncck,  Iving  be- 
tween  the  scmi^piiialis  ct'r\icis  ainl  the  splenius  cer\-icis.  anil  in  the  upper  part  of  iLs 
coursc  acci)nipaiiii-s  the  ilit-p  branch  <>[  the  art.  princeps  cervicis.  l-ower  down  it 
accoinpanies  the  deep  cervicid  branch  of  the  siiperiot  intercostal  arter\'  and  bends 
slightlv  outivard  iinil  for\vard.  piisscs  betiveen  the  transverse  process  of  the  seventh 
cervical  vertt-hra  antl  the  tirst  rib.  and  o]x'ns  into  the  innominate  \ein  cither  behind 
the  vurtcbral  \iin  ur  liy  a  cuinmon  tnink  with  that  vessel. 


11  the  decper 


TtibutarieB. — In  its  (■mrst-  dou-n  the  nftrk  it  receives  numen'ii-i  trilm 
cervical  iiiiiMlrs.  aiul  iip|>ositf  eaih  inli-rA-ertebral  for:uiien  whicli  it  |):LS'ifS  it  maki-s o 
with  the  vi-rtelir^il  vein  aiul  iht-  vi-ins  of  thi'  spina!  canal. 

Thc  iiiosi  iniimrlaiit  of  its  trihutaries  is.  howfver,  tln-  occipital  vein,  «-hich  arises  in  a 
plexus  roviTin^'  ihi'  cH-ripii^il  |M>rliiin  <<f  Ihe  skuM  .inri  rummiiniiMliii-,;  uiih  branches  of  thc  |>us- 
terior  aiirinilar  ari<l  tfm[K>r;ii  veins.     It  passes  downMant  wilh  the  occipital  artorv,  pierces  th« 
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trapezius  niuscle  near  its  origin  from  the  superior  nuchal  line,  and  enltrrs  the  suboccipital 
angle  where  it  opens  inlo  the  deep  cervical  vein.  Occasionally,  houever,  it  either  unites  v^»~itV 
the  iX)Sterior  auricular  vein  or  opens  directly  into  the  exlemal  jugular  below  the  poste*-"— i«.« 
auricular.     The  mastoid  emissary  vein  (page  876)  usually  opens  into  one  of  its  branches. 

2.  The  Vcrtcbral  Vein. — The  vertebral  vein   (v.    vertebralis)  accom|)aik  m<^ 
the  artery  of  the  same  name  through  ali  but  the  cranial  portion  of  its  course,  ancft     /a 
usually  a  single  trunk,  although  frequently  it  is  double  or  cx:casionally  even  plexifo  »-r^* 
throughout  more  or  less  of  its  course.      It  arises  in  the  suboccipital  triangle  froni     ^ 
plexus  of  sniall  veins  with  which  the  occipital  and  deep  cer\'ical  veins  also  comrnun/" — 
cate,  and  passes  downward  through  the  foramina  in  the  transverse  processes  of  the  sJj^ 
(occasionally  seven  or  five  or  even  only  four)  upper  cervical  vertebr«.     At  its  exir 
from  the  foranien  of  the  sixth  vertebra  it  is  continued  obliquely  for\vard  and  down- 
ward  behind  the  inferior  thyroid  artery  and  the  internal  jugular  vein,  and,  passing 
usually  in  front  of,  but  occasionally  behind,  the  subclavian  artery,  opens  into  the 
innominate  vein  near  its  origin. 

The  opening  into  the  innominate  is  guarded  by  a  pair  of  valves.  Throughout 
its  course  the  vein  is  connected  to  the  periosteum,  lining  each  of  the  vertebrarterial 
canals  it  traverses,  by  fibrous  bands,  and  in  its  terminal  portion  it  is  adherent  to  the 
deep  cervical  fascia,  so  that  its  walls  do  not  collapse  even  when  it  is  emptied  of  blood. 

Tributaries. — Like  the  vertebral  artery,  the  vein  receives  tributaries  from  the  deep  mus- 
cles  of  the  neck  and,  at  each  intervertebral  foranien  \vhich  it  passes,  communicating  branches 
from  the  plexuses  in  the  spinal  canal  on  the  one  hand,  and  from  the  posterior  spinal  plexus  and 
the  deep  cervical  vein  on  the  other.  hi  its  terminal  portion,  after  it  has  issued  from  the  fora- 
nien in  the  transverse  process  of  the  sixth  cervical  vertebra,  it  receives  the  ascendin^^  cervkal 
vein,  which  arises  in  the  plexus  uiH>n  the  anterior  surfaces  of  the  bodies  of  the  upper  cer\'ical 
vertebra;,  and  accompanies  the  ascending  cer\'ical  arter>'  down  the  neck.  Ver>'  frequent]y  it 
also  receives,  shortlv  iK^fore  its  termination,  the  deep  cer\'ical  vein. 

3.  The  Internal  Manimary  Vein. — The  internal  mammary  vein  (v.  maaiflM' 
ria  interna )  is  formed  by  the  union  of  the  venae  comites  of  the  musculo-phrenic  and 
superior  epigastric  arteries,  and  throughout  the  greater  part  of  its  course  is  double,  one 
stem  lying  along  the  outer  and  the  other  along  the  inner  side  of  the  artery  in  its 
course  along  the  inner  siirface  of  the  anterior  thoracic  wall.  Opposite  the  second 
or  third  intercostal  space  the  two  stems  unite,  the  single  vein  so  formed  lying  to  the 
inner  side  of  the  artery  and  opening  alx)vc  into  the  innominate  vein  of  the  same 
side.      Numerous  valves  occur  in  the  course  of  the  vein. 

Tributaries. — The  tributaries  t)f  the  internal  niammar>'  veiiLs  corres|x>nd  in  general  with 
the  branches  of  the  internal  niammar\'  arterv,  with  the  exception  of  the  superior  phrenic,  niedi- 
astinal.  pericardial,  and  thymic  branches,  which  usually  open  inde|Xfndently  into  the  left  innom* 
inate  vein.  Its  stemal  branches  form  plexuses  upon  both  surfaces  of  the  stemuni,  and  so  form 
communication  with  the  vein  of  the  opposite  side,  and  the  anterior  intercostal  bimnche«  unite 
with  the  posterior  intercostals  ( page  896) .  The  perfbrating  branches  assist  in  retuming  the  blood 
from  the  pi*rt<)ral  muscles,  those  of  the  first  and  second  intercostal  spaces  being  larger  than  the 
rest  in  the  female,  and  ser\'ing  to  retum  a  considerable  portion  of  the  blood  from  the  niammary 
gland.  Ry  means  of  the  superior  epigastric  branches  the  internal  mammar>'  makes  connectKNi 
\vith  the  siibcutaneoiis  veins  of  the  abdonien,  and,  since  these  are  also  connected  with  the 
epigastric  and  nrnmiflex  iliac  branches  of  the  iliac  veins,  an  an.istomt>sis  is  formed  between  the 
suiK-rior  and  inferior  caval  svstems  of  veins. 


4.  The  Inferior  Thyroid  Veins. — The  inferior  thvroid  veins  (vv.  thvi 
inferiorcs)  have  their  origin  in  a  venous  plexus  ( plexus  thvrcoideus  impar )  which  covere 
the  anterior  surface  and  sid(^  of  the  trachea  immediatelv  below  the  isthmus  of  the 
thvroid  gland,  the  vessels  \vhich  form  tlie  plexus  issuing  from  the  substance  of  the  thv- 
roid gland,  or  in  some  cases  heing  do\vn\vard  prolongations  of  the  branches  of  origin 
of  the  superior  thvroid  veins.  From  the  f)lexus  two  or  sometimes  three  veins  descend 
the  nerk.  follo\ving  paths  (luite  dislinct  from  those  of  the  inferior  thyroid  arteries, 
and  open  l>elc)w  into  the  innominate  veins,  their  orifices  being  guarded  by  valves. 
\Vhen  three  veins  are  prescnt,  the  odd  cme  occupic^s  a  median  position  and  is  kno«'ii 
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as  thc  vena  thyreoidea  ima,  corresponding  to  the  artcry  of  thc  same  name,  which, 
however,  need  not  be  present  with  it.  It  opens  usually  into  the  left  innominate 
vein,  but  occasionally  is  prolonged  inuard  to  terminate  in  the  superior  vena  cava. 

Tributaries. — The  plexus  thyreoideus  inipar  rectives  coniniunications  trom  the  superior 
thyroid  veins  and  also  has  o(>enin^  into  it  thc  inferior  laryngeal  veins  (vv.  lar>'ngeae  inferiores) 
which  descend  from  the  lar>'nx.  The  inferior  thyroid  veins  receivc  directly  branches  from  the 
trachea  (vv.  tracheales)  and  from  the  a'Sophag;us  (,vv.  c£s<»phaKeae). 

Practical  Considerations. — An  incision  across  the  inferior  thyroid  vein, 
whose  walls,  being  inilxxlded  in  inflamed  tissiie,  could  not  collapse,  has  caused 
sudden  death  by  the  entrance  of  air.  Parise,  in  attempting  to  seize  the  divided 
inferior  thyroid  vein  during  tracheotomy,  lifted  the  superhcial  wall  only,  thus  per- 
mitting  air  to  enter  the  vein  with  a  fatal  result  ( Allcn). 

5.  Thc  Superior  Phrcnic  Vein. — The  superior  phrenic  vein  (v.  phrenica 
superior)  has  its  origin  upon  the  upper  surface  of  the  diaphragm  and  ascends  through 
the  thorax,  lying  between  the  j)ericardium  and  pleura  and  accompanying  the  phrenic 
nerve  and  the  superior  phrenic  artery,  of  which  it  is  a  companion  vein.  Usuaily  the 
veins  of  both  sides  are  double.  Thev  o|>en  above  into  the  left  innominate  vein,  fre- 
quentiy  uniting  with  the  thymic,  pericardial,  and  mediastinal  veins  before  their  termi- 
nation.     They  are  provided  with  valves  both  at  their  orifice  and  along  their  course. 

6.  Thc  Thjrmic  Veins. — The  thymic  veins  (vv.  thjmicae)  are  rather  insig- 
niiicant  in  the  adiilt  and  are  usually  t\i'o  or  three  in  number.  They  arise  in  the 
adipose  tissue  which  replaces  the  thymus  gland  and  empty  above  into  the  left  innomi- 
nate vein,  frequently  uniting  with  the  superior  phrenic  veins.  In  the  child  they  are 
of  considerable  size  in  correlation  with  the  development  of  the  thymiis  gland. 

7.  Thc  Pericardial  Veins. — The  pericardial  veins  (vv.  pericardiacae)  vary 
considerably  in  number.  They  are  ali  small,  and  empty  in  part  into  the  left  innomi- 
nate vein  and  in  part  into  the  azygos  and  intemal  mammary  veins. 

8.  The  Anterior  Mediastinal  Veins. — The  anterior  mediastinal  veins  (vv. 
mediastinalcs  anteriores),  like  the  preceding,  are  variable  in  number  and  small.  They 
arise  in  the  anterior  mediastinum  and  open  above  into  the  left  innominate  vein. 

The  Internal  JrcuLAR  Vein. 

The  internal  juguiar  vein  (v.  jui^laris  interna)  (Figs.  753,  760)  is  the  principal 
venous  trunk  of  the  neck.  It  is  the  continuation  of  the  lateral  sinus  at  the  juguiar 
foramen,  and  descends  the  neck  in  company  with  the  internal  and  common  carotid 
arteries  to  a  point  a  little  e-\temal  to  the  stemo-davicular  articulation,  where  it  unites 
with  the  subclavian  to  form  the  innominate  vein.  At  its  origin  it  rests  up>on  the  anterior 
sloping  surface  of  the  juguiar  process  of  the  occipital  bone,  and  usually  presents  at 
this  p>oint  a  distinct  bulbous  enlargement  (bulbus  venae  juj^laris  superior)  measuring 
about  1.5  cm.  in  diameter.  Helow  the  bulbus  superior,  at  its  exit  from  the  juguiar 
foramen,  thc  diameter  of  the  vein  averages  about  9  mm.,  although subject  to  consider- 
able variation,  and  usuallv  dififering  on  the  two  sides,  since  the  lateral  sinuses,  of 
which  the  veins  are  the  continuations,  differ  on  the  two  sides,  that  of  the  right  l^eing 
in  the  majoritv  <>f  cases  the  larger.  As  it  descends  the  neck  the  vein  graclually 
increases  in  size  as  it  receives  its  various  tributaries,  and  just  before  its  imion  with  the 
subclavian  vein  it  presents  a  more  or  less  pronounced  spindle-shaj)ed  enlargement 
(bulbus  venae  ju^tilaris  inferior).  This  dilatation  is  usuallv  much  more  distinct  in  the 
right  vi-in  than  in  the  left,  and  at  its  upper  end  is  provided  \vith  a  pair  of  valves  or  else 
with  a  single  one,  the  ravities  of  the  valves  bt»ing  directed  (l<>\vnward  as  if  to  prevent 
an  up\var(l  rtou-  of  hlood.  Kven  \vhen  a  pair  is  present  thev  are  insufticient,  but  they 
may  nevertluless  plav  an  important  part  in  preventing  the  blood  from  flowing  into 
the  innominate  through  the  subclavian  vein  and  from  pnulucing,  during  the  systole 
of  the  auricle,  a  hack  pri-ssure  in  the  cerebral  veins  \vhich  are  in  connection  \vith  the 
internal  jui^nlar.  Sincc  the  right  innominate  is  much  more  nearly  in  a  line  \vith  the 
vena  cava  Miperior  than  is  the  left,  the  greater  development  of  the  inferior  bulb  in 
the  right  internal  juguiar  can  be  readily  understood. 


862  HUMAN   ANATOMV. 

Relations. — In  the  upper  part  of  its  coiirse  the  internat  jugutar  rests  upon  lE  ^ 
rectus  capitis  lateralis  and  the'  transverse  processes  of  the  upper  cer\ical  vertebra-a. 
To  its  inner  side  and  somewhal  in  front  of  it  is  the  interna!  carotid  arter)-,  the  ploss-j*^ 
pharyngeal,  pneumogastric,  spina!  accessory,  and  liy|>oglossal  nerves  se|>arating  tl^- 
two  vessels  above.  The  CKternal  branch  of  the  spinal  accessory  crosses  it  (ib!ique^;»  ^ 
either  in  front  or  l>eliind,  and  somewhat  lower  it  is  crossed  anteriorlv  by  the  stvlf-^ 
liyoid  muscle  and  the  posterior  ticlly  of  the  digastric  and  aiso  by  the  occipita!  av  .^^ 
posterior  aiiricular  arteries.  To  its  inner  side  is  the  wall  of  the  pharynx.  witli  »hichr-t  — 
IS  not.  hoivever,  direcdy  in  contact. 

Throughout  the  necit  it  lies  tieneath  the  sterno-deido-mastoid  muscle.  imnra — ^j 
diately  to  the  outer  side  of  the  common  caroiid  artery,  btting  cnclosed  in  a  -inim  ^  ^ 


Fig.  753- 


sheath  «ith  it,  as  is  also  the  pneumogastric  ner\e,  which  !ies  behind  and  between  the 
two  vessels.  liel"W  tlie  iimohyoid  muscle  ihe  vein  lends  to  se}»arate  froni  the  arterj-, 
p:issinjr  srtmeivhat  more  anteriorlv.  In  this  part  of  its  course  It,  or,  to  be  more  pre- 
lise,  du-  iiiferior  l»ulb.  is  situated  imniediatelv  behind  the  space  which  separates  the 
tvvc.htads  <.f  t!ie  sterno-cleidii-niastoid.  Ilchiml,  it  rests  up<jn  the  inner  Imrrier of  the 
scalt-nns  anticus,  cntssi^s  the  suJH-laviaii  artery,  and  li;is  the  pneumogastric  and  phrenic 
nervis  passing  di™n\vard  im  eilher  side. 


Variations. — \';i 


..Iti 


1  tlu- 


. .  may  he  nolMl. 

.- allv  "vi-rlai«  the  carotid  antf>*  in  a  con- 

■nilili"ii  uhich  is  csin^ciallv  mnrkcd  in  the  refdun  of  the  inferxirbulbwlKn 
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The  left  intemal  jugular  has  beeii  observed  niuch  reduced  in  size,  there  being  a  compeii- 
sator>'  enlargement  of  the  corresponding  extenial  jugular,  and  it  may  be  doubicd  tnroughout  a 
greater  or  less  portion  of  its  course,  although  aluays  single  at  either  extremity.  In  addition 
to  the  normal  tributaries  described  belo\v,  it  niay  receive  tne  teniporo-niaxillar>'  vein,  the  verte- 
brai,  superior  laryngeal,  or  left  superior  intercostal,  a  bronchial  vein,  the  suprascapular,  or  the 
transverse  cer\'ical  vein. 

Practical  Considcrations. — The  internal  jugular  vein — the  largest  of  the 
superficially  placed  veins  of  the  body — may  be  involved  in  cut-throat  or  other  wounds 
of  the  neck.  Like  the  carotid,  it  usually  escapes  in  attempts  at  suicide  on  account  of  the 
usual  Y>osition  assumed— with  the  chin  elevated  and  the  head  thrown  back  so  that  the 
muscles  are  rendered  tense  and  prominent  and  the  vessels  are  protected.  If  the 
wound  is  above  the  thyroicl  cartilage  they  are  stili  safer  on  account  of  their  inclination 
backward,  and  such  a  wound  niay  reach  the  spinal  column  without  injuring  them.  In 
wounds  below  the  thyroid  if  the  air  passages  are  opened  in  attempted  suicide,  the 
sudden  exit  of  air  from  the  lungs,  acconif)anied  by  collaj)se  of  the  chest,  may,  it  has 
been  suggested,  result  in  the  dropping  of  the  arm  carrving  the  weapon  before  the 
wound  has  reached  the  level  of  the  vessels,  although  they  are  here  more  vulnerable 
than  they  are  above.  The  internal  jugular,  the  other  veins  of  the  neck,  and  the 
subclavian  and  axillary  veins,  are  greatly  influenced  by  respiration,  emptying  during 
inspiration,  distending  during  expiration — the  "  respiratorv  \vave,"  or  "venous 
pulse."  Their  attachments  to  the  fascia  keep  them  from  entirelv  collapsing.  This 
is  especially  noticeable  in  the  internal  jugular.  After  the  carotid  sheath  has  been 
oj)ened  the  vein  will  vary  in  apjjearance  from  a  distended  thin-walled  tube  perhaps 
half  an  inch  in  diameter,  (expiration),  to  a  flaccid,  ribbon-like  structure  with  walls 
apparently  in  contact  (inspiration ).  During  inspiration  air  mav  thus  be  readily  drawn 
into  one  of  these  veins  if  it  has  been  wounded,  and  if  the  wound  is  dry,  or  if  pressure 
is  not  immediately  applied  to  the  vein  on  the  cardiac  side  of  the  wound.  If  the  air  is 
in  large  quantity  it  may  cause  instant  death  when  it  reaches  the  right  auricle  by  over- 
distension  and  paralysis  of  the  right  side  of  the  heart  ;  or  sometimes  less  rapidly  by 
asphyxia  following  air  embolism  of  the  pulmonary  veins. 

The  internal  jugular  vein  may  be  infected  secondarilv  to  infective  intracranial 
sinus  thrombosis,  especially  of  the  sigmoid.  Phlebitis  or  thrombosis  of  the  internal 
jugular  is  attended  by  pain  and  tenderness  along  the  course  of  the  vein,  and  later  by 
the  development  of  a  cord-like  mass  to  the  inner  side  of  the  sterno-mastoid  muscle 
and  the  outer  side  of  the  carotid  artery.  This  mav  involve  the  \vhole  length  of  the 
vein  but  is  apt  to  be  confined  to  the  upper  third.  \Vhen  an  infected  thrombus  in  the 
sigmoid  sinus  has  undergone  such  extensive  disintegration  that  it  is  unlikely  to  be 
entirely  removed  by  operative  obliteration  of  the  upper  t\vo-thirds  of  the  sinus,  or 
when  in  a  thrombosed  internal  jugular,  giving  the  sensation  of  a  hard  cord-like  struc- 
ture, its  upper  part  becomes  soft  from  disintegration  of  the  thrombus  and  this  disin- 
tegration descends,  ligation  of  the  vessel  below  this  point  usiially  becomes  necessary 
(Macewen).  The  ligation  shuts  ofT  the  main  channel  between  the  sigmoid  sinus  and 
the  lungs,  although  the  latter  mav  stili  be  infected  by  way  of  the  occipital  sinus  and 
condylar  veins  and  the  subclavian  vein. 

The  vessel  is  approached  by  the  same  incision  as  that  made  for  ligation  of  a  caro- 
tid. The  vascular  sheath  is  opened  \vell  to  the  outer  side  so  that  the  carotid  com- 
partment  mav,  if  possible.  hv  left  intact.  The  vein  should  be  tied  in  t\vo  placc»s  and 
divided  lx.'t\veen  the  ligatures. 

After  occlusion  of  the  vein  either  bv  ligature  or  by  pressure  from  a  gro\vth,  the 
blood  from  the  corresj)on(ling  side  of  the  head  p)asses  by  a  transverse  vein  to  the 
internal  jugular  of  the  opposite  side. 

Tributaries. — In  addition  to  the  latenil  and  the  inferior  petrosal  sinuses,  which 
will  be  (k-scTihrd  \vith  th<*  other  cranial  sinuses,  the  internal  jugular  receives  the 
follovving  trihmarits  :  (  \  ^  the  pharvnt^eal.  (2\  ihv  /<in\i/,  (7,)  the  lifiirual,  (4)  the 
superior  f h vroid,  and  (^  •  the  middlr  f/r v roid  \c\ns. 

I.  The  Pharyngeal  Veins. — The  pharvngeal  veins  (\'\.  phannseae)  are  small 
vessels,  varving  in  nuniln-r.  \vhich  open,  either  independentlv  or  after  having  united 
to  a  single  stein.  either  directiv  into  the  internal  jugular  or  indirectlv  by  way  of  the 
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linj^ual  or  superior  thyroid  vein.  They  take  their  origin  froni  a  venous  plc*xus 
(plexUvS  pharvngcus)  which  covers  the  outer  surface  of  the  pharynx,  lyiiig  belween 
the  constrictor  inusclcs  and  the  pharyngeal  portion  of  the  biicco-pharyngcal  fascia. 
In  addition  to  branches  from  the  pliaryngeal  \vall,  this  plexus  also  receives  tributaries 
from  the  anterior  recti  and  longus  colli  muscles,  and  from  the  soft  palate,  the  tonsillar 
plexus  and  the  Eustachian  tube,  and  has opening  into  it  branches  from  a  plexus  uhich 
surrounds  the  internal  carotid  artery  in  its  course  through  the  carotid  canal,  communi- 
cating  above  with  the  cavernous  sinus.  It  also  receives  the  veins  ( vv.  canal  is  pten  goidd ) 
which  accompany  the  Vidian  artery  through  its  canal,  and  communicates  with  the 
pterygoid,  cesophageal,  and  vertebral  plexuses. 

2.  The  Facial  Vein. — The  facial  vein  (v.  facialis  anterior)  ( Kig.  754)  is 
formed  at  about  the  inner  extremity  of  the  eyebrow  by  the  union  of  the  fronta!  and 
supraorbital  veins.  From  its  point  of  origin  it  skirts  around  the  inner  border  of  the 
orbit  and  is  then  directed  obliquely  downvvard  and  backward  across  the  face,  crosses 
over  the  anterior  inferior  angle  of  the  masseter  muscle  and  the  ramus  of  the  mandible 
a  short  distance  in  front  of  the  angle,  and  is  thence  continued  onward  across  the 
posterior  part  of  the  submaxillary  and  the  upper  part  of  the  superior  carotid  trianglcs 
to  open  into  the  internal  jugular  at  about  the  level  of  the  hyoid  bone.  It  follows 
in  a  general  way  the  course  of  the  corresponding  artery,  lying  posterior  to  it,  but 
the  path  across  the  face  is  much  more  direct  than  that  followed  by  the  artery. 

That  portion  of  the  vein  which  extends  from  the  junction  of  the  frontal  and  supra- 
orbital arteries  to  the  lower  border  of  the  orbit  is  usually  termed  the  angular  vein, 
and  branches  arise  from  this  which  pass  backward  into  the  orbit  to  communicatc 
with  the  ophthalmic  vein.  Just  l)elow  the  ramus  of  the  mandible  it  usually  receives 
a  large  communicating  branch  from  the  external  jugular,  and  the  portion  which  in- 
tervenes  betvveen  this  communication  and  the  internal  jugular  is  termed  the  common 
facial  vein  (v.  facialis  communis).  Both  the  facial  and  the  angular  veins  are  usuallv 
described  as  being  destitute  of  valves  ;  these  structures  do  occur,  however,  but  they 
are  always  insufhcient  and  form  no  bar  to  the  passage  of  blood  in  an  inverse  direc- 
tion — i. C,  from  the  facial  and  angular  backward  into  the  ophthalmic  veins. 

Relations. — The  angular  vein  rests  upon  the  nasal  process  of  the  maxillar}' 
vein  internal  to  the  lachrymal  sac.  In  its  upper  portion  the  facial  vein  lies  under 
cover  of  the  orbicularis  palpebranim,  and  it  also  passes  beneath  the  zygomatic  muscles« 
but  is  superficial  to  the  othcr  muscles  of  the  face.  In  its  inframandibular  or  cer\'ical 
portion  it  lies  beneath  the  platysma  in  a  groove  in  the  submaxillary  gland. 

Variations.  -The  upper  portion  of  the  facial  vein  niay  begreatly  reduced  in  size.  Below, 
it  fre(iiiently  uiiites  \vith  the  lin^al  vein  to  fomi  a  lin^o-facial  trunk,  uhich  may  also  be  joined 
by  the  superior  thyroid.  Instead  of  openin^  into  the  internal  iugular,  it  occasionally  passes 
across  the  stemo-cleido-mastoid  muscle  to  unite  \vith  the  extemal  or  anterior  jugular. 

Practical  Considerations. — Allen  has  called  attention  to  the  fact  that  the 
venous  supf)ly  of  the  face  differs  in  some  important  particulars  from  that  of  the  trunk 
and  limbs.  In  the  last-named  localities,  both  deep  and  superficial  currents  flow  in 
the  sjime  direction  to\vards  the  heart.  The  facial  trunk,  however,  is  not  formed  by 
primal  venules,  as  is  commonlv  the  čase,  but  by  branchc^s  communicating  with  the 
frontal  and  supraorbital  veins,  and  by  a  transverse  branch  found  at  the  bridge  of 
the  noše. 

The  two  most  important  Communications  \vith  the  cavernous  sinus  are  through 
the  ophthalmic  vein,  \vhich  receives  tributaries  from  the  angular  vein,  and  the  deep 
facial  v<Mn,  \vhioh  enij)ties  into  the  ptervgoid  i)lexus,  \vhich  in  its  turn  communicates 
\vith  the  cavernous  simis  hv  \eins  ])assing  through  the  foramen  ovale.  The  veins 
corresponding  to  the  deep  parts  of  the  face,  othcr  than  those  mentioned,  also  seek 
an  outlrt  in  the  same  direction,  so  that  much  of  the  superficial  blood  of  the  upper 
part  and  side  nf  the  face  passes  itrivard  to  the  brain-rase  and  to  the  interior  of  the 
facial  r<ui()n,  \vhile  the  reniaining  portion  t1o\vs  doicnivard  to  join  the  jugular  veins. 

The  facial  vein  at  its  lo\ver  end  receives  a  large  conmumicating  branch  frc»m  the 
exlernal  jugular.  and  therefore  at  or  l)<*low  that  point  carries  a  considerable  volume 
of  blood,  making  vvounds  nf  the  vein  dangemus. 
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The  facial  vein  is  said  to  be  less  flaccid  than  most  superficial  veins,  and  there- 
fore  to  remain  more  patent  after  section  ;  it  possesses  either  imperfectly  developed 
or  rudimentary  valves,  or  none  at  ali.  As  a  consequence  of  these  facts,  septic  dis- 
ease — malignant  pustule,  furuncle,  carbuncle,  cancrum  oris — involving  the  face  or 
forehead,  is  exceptionally  dangerous,  as  the  infection  may  spread  by  way  of  the 
ophthalmic  vein  or  the  pterygoid  plexus  to  the  cavernous  sinus  and  result  in  a  fatal 
thrombosis  or  meningitis. 

The  relations  existing  between  the  venous  blood  of  the  face  and  that  of  the 
brain-case  are  rendered  evident  by  the  fact  that  the  state  of  the  circulation  of  the 
external  noše  is  sometimes  an  index  of  the  condition  of  the  vessels  of  the  brain. 
Moreover,  in  cases  of  orbital  or  intracranial  tumors,  the  ophthalmic,  angular,  and 
facial  veins  become  congested,  dilated,  and  tortuous  from  pressure-interference  with 
the  venous  current. 

The  line  of  the  facial  vein  is  from  the  canthus  of  the  eye  to  a  point  on  the  mandible 
at  the  anterior  border  of  the  masseter  muscle  and  just  behind  the  facial  arter>'.  This 
line  is  straight  instead  of  tortuous,  as  is  the  čase  with  that  of  the  latter  vessel. 

Tributaries. — The  tributaries  of  the  facial  vein  are  (a)  the /ronfa/  and  (d)  the  supraarbitai, 
by  the  union  of  which  it  is  formed.  In  addition  it  receives  in  its  course  across  the  face  (c)  the 
paipebral^  (d)  the  iaterai nasals,  (e)  the  superior  iabiai,  (/)  the  inferior  iabial,  {j^)  the  deep 
facial,  ( A )  the  masseteric,  and  (1  )  the  anterior  parotid  veins.  In  its  cer\'ical  ix)rtion  it  has  open- 
ing  into  it  {j  )  the  inferior  or  descending  palaiine^  and  {k)  the  submenia/  veins. 

(a)  The  Irontal  veins  ( vv.  frontales)  descend  over  the  forehead  on  either  side  of  the  median 
line,  Iying  immediately  beneath  the  skin  upon  the  frontalis  muscle.  The  branches  from  which 
they  lake  origin  communicate  at  the  sides  and  vertex  of  the  skull  uith  tributaries  of  the  occip- 
ital  and  temporal  veins,  and  also  throujjh  small  foraniina  in  the  frontal  lx)ne  with  the  superior 
longitudinal  sinus.  The  two  veins  are  connected  by  nuinerous  cToss-branches,  and  not  infre- 
quently  unite  more  or  less  completeIy  to  form  a  single  median  stem  which  bifurcates  below. 
Each  vein  terminales  at  the  inner  angle  of  the  orbit  by  unitinjj:  uith  the  corresponding  supraor- 
bital  vein  to  form  the  angular. 

At  the  root  of  the  noše  the  two  veins  are  usuallv  united  by  a  distinct  cross-branch,  the 
nasai  arch,  uhich  receives  from  beIow  the  dorsal  nasal  veins. 

(^)  The  supraorbital  vein  (v.  supraorbitalis)  is  a  relativelv  large  tnmk  uhich  runs  trans- 
versely  above  the  superior  margin  of  the  orbit  and  conse(iuentIy  is  quite  distinct  from  the  artery 
of  the  same  name.  It  arises  at  the  extemal  angle  of  the  orbit,  uhere  it  communicates  with 
affluents  of  the  temporal  veins,  and  passes  inward  beneath  the  orbicularis  pali>ebrarum,  and, 
piercing  that  muscle  just  above  the  inner  angle  of  the  orbit,  unites  uith  the  frontal  vein  to  form 
the  angular. 

It  receives  numerous  small  branches  from  neighboring  regions  and  from  the  diploic  vein 
of  the  frontal  bone,  and  at  the  supraorbital  notch  it  communicates  uith  the  ophthalmic  system 
of  veins. 

(r)  The  palpebral  veins  (vv.  palpebrales  superiores  et  inferiores)  are  small  vessels  which  take 
their  origin  from  the  venous  plexus  of  the  eyelids  and  open  into  the  angular  vein.  The  palpe- 
bral plexus  also  communicates  Iaterally  with  the  affluents  of  the  temporal  veins. 

{d )  The  lateral  nasal  veins  (v  v.  nasales  exteniae)  arise  in  a  rich  plexus  uhich  occupies  the 
alae and  tip  of  the  noše  and  uith  uhich  the  dorsal  nasal  vein  communicates  and  also  branches  from 
the  extensive  pituitary  plexus.  these  latter  branches  emerging  along  the  line  of  junction  of  the 
nasal  bones  and  cartilage.  The  veins  extend  upuard  and  backuard  and  open  into  the  louer 
part  of  the  angular  vein. 

[e)  The  superior  labial  or  coronary  vein  (v.  labialis  superior)  takes  its  origin  in  a  plexus  in 
the  substance  of  ihe  ui)iKr  lip  u ith  uhich  branches  from  the  septum  and  ala;  of  the  noše  com- 
municate. The  course  of  the  vein  is  independent  of  that  of  the  arter\-  of  the  same  name,  p.issing 
backu'ard  and  someuhat  upuard  to  the  naso-Iabial  groove,  and  ojMjning  into  the  facial  vein 
about  opposite  the  ala  of  the  noše. 

(y")  The  inferior  labial  vein  (v.  lahiali«)  inferior)  arises  from  a  venous  plexus  in  the  lowerlip 
and  passes  dou  nu  ard  and  outu  ard  to  open  into  the  facial  just  after  it  hiis  crossed  the  r<amus  of  the 
mandible.  Usually  a  second  vein,  the  inferior coronary\  also  arises  from  the  inferior  labial  plexus 
and  passes  almost  liorizi  )ntally  outward  to  open  into  the  facial  a  little  belovv  the  angle  of  the  mouth. 

Ks)  The  deep  facial  vein,  alsotermed  \\\e  anterior  inUrnal  maxillary\  takes  its  origin  from 
the  pter>-goid  plexus  (page8S2)  over  the  tul)erosity  of  the  maxilla,  through  uhich  it  receives 
branches  from  a  nei-uork  Iving  Inineatb  the  mucous  membrane  lining  the  antrum  of  Highmore. 
It  passes  foruard  and  dounuard  belueen  the  buccinator  and  masseter  muscles,  and  opens  into 
the  outer  surface  of  the  facial  uhere  that  vein  passes  beneath  the  zygomatic  muscle. 
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■  scvi;ra1  small  veins  uhich  retuni  Ihc  hl<»«.>^ 
ni)d  hucciiiiiliir  niuscics,  o[)cniiij;  iiito  tlie  ouler  suii^ict;  of  Ihe  faciul  vciii  _ 

parotid  veins  (vv.  paroiidcac  aaieriurcsl  cuiisistof  s«;veral  sniall  veins  uh  x  ^^1) 
'  iKjrder  of  llit:  parotid  Kl'ind  niid  froin  the  socin  parutidis.  Thcy  f»ll  ^  ~:>%ik 
nd  which  they  furm  a  nt:t-work,  and  open  inio  ihe  outer  mrjilce  of  ^.  |^^ 


{A)  The 
from  the  niassi 

(/)  Tht 
issuc  (rum  thc  ani 
tht  parotid  duct, 

(_/■)  ThtinferiorordeHcendingpalatine  veiniv.  palminalarcompaniestheiisccndinKiialaLi  x»* 
or  tolisillar  hranch  ni  llie  facial  nrterv.  It  takes  ils  origin  in  ihe  tonsillar  plexiis  and  desrer-^^jj 
upoii  Ihe  side  of  the  phar^ns  to  open  into  the  facial  afier  it  has  crossed  the  ramus  of  the  mandit:>|e>. 


h  pLilvHiu  muci«. 


The  Bubmental  vein  i,  v.  Hulimtrdulis )  acciimpitiiii.-s  lile  iirterj-  of  the  same  name.     It 

11  thi'  sii|H.'rticial  surfact.-ut  ihi.-  niylu-hyoid  niusck'  and  passes  backvard  andoutuard  in 
axill^try  trL.ini;lc,  l)i;nvath  tht-  pl.itvsni^i.  tu  opi/ti  into  the  cervical  punion  of  the  facial. 
iiii.,111-.  uith  ih<-  Mihliri;,ii,il  v.-iii  l.vsfveral  lininches  whlch  perforate  the  mylo-hyoid 
mil,  in  aildiiinii  in  ciii.KHnu-i  .iiul  nuisnilar  liranrhcs,  aiso  receives  tributarits  froin  the 
larv  i,'l:mi(,  Ok-si-  ialtir  vi^v^ils,  hoivt-vcr,  frei|Uenllv  openiii);  dircctlv  into  the  facial  as 
.-.th,-i,'r.Hiv.ii|.i.iuhrj;Iaml, 
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3.  The  Lingual  Vein. — The  lingual  vein  (v.  linj^ualis)  is  a  short  trunk  which 
either  opens  directly  into  the  internal  jugular  or  unites  with  the  facial  vein  to  form  a 
linguo-facial  trunk.  It  is  formed  by  the  union  of  two  vessels,  the  deep  lingual  veins, 
which  are  the  ven^e  comites  of  the  lingual  artery,  and  the  sublingual. 

The  deep  lingual  veins  are  of  small  calibre  and  accompany  the  lingual  artery 
throughout  its  entire  course,  nunierous  cross-connections  between  them  involving  the 
artery  as  in  a  plexus.  Shortly  before  opening  into  the  lingual  stem  the  two  veins  unite, 
and  into  the  vessel  so  formed  the  companion  veins  of  the  dorsal  arter\'  of  the  tongue 
(vv.  dorsales  Hnguae)  open,  these  vessels  communicating  with  the  tonsillar  plexusand 
the  superior  lar)-'ngeal  vein. 

The  sublingual  vein,  also  termed  the  raninc^  has  its  origin  on  the  under  sur- 
face  of  the  tip  of  the  tongue,  beneath  the  mucous  membrane.  It  passes  lxickward, 
at  tirst  in  company  \vith  the  submaxillary  duct,  and,  after  receiving  communicating 
branches  from  the  deep  lingual  and  the  submental  veins,  it  p;isscs  to  the  outer  side 
of  the  hyoglossus  muscle  and  continues  backward  in  company  with  the  hypoglossal 
ner\'e,  \vhence  it  Ikis  been  termed  the  v.  comitans  n.  hypOKlossi. 

AH  the  branches  of  the  lingual  vein  are  provided  with  valves. 

Variations. — Considerablo  variation  exists  in  the  extent  to  vvhich  ihe  linj^ual  vein  is  ('.c- 
veloped,  Hoth  its  constituent  tributaries  as  uell  as  the  dorsales  linj^Kc  sometinies  opening  inde- 
penaenlly  into  the  internal  iugiilar.  It  may  open  into  either  the  exlenial  or  anterior  jugular 
instead  of  the  internal,  and  the  deep  linguals  mav  o|H'n  into  the  pharvngeal  vein.  Occasionally, 
by  the  enlargement  ot  the  connection  nomiallv  occurring,  the  submental  vein  beconies  a  tribu- 
tar>'  of  the  sublingual. 

4.  The  Superior  Thjrroid  Vein. — The  superior  thyroid  vein  (v.  thyreoidea 
superior)  accompanies  the  artery  of  the  same  name.  It  arises  in  the  upper  portion 
of  the  plexus  which  encloses  the  thyroid  gland,  communiaiting  through  it  with  its  fellow 
of  the  opposite  side  and  with  the  middle  and  inferior  thvroid  veins.  It  is  directed  up- 
ward  and  backward,  and  opens  either  directly  into  the  internal  jugular  or  more  usually 
into  the  lingual  or  the  linguo-facial  trunk. 

Tributaries. — The  following  are  received  by  the  su|)erior  thyroid  vein.  (iz)  The  superior 
laryngeal  vein  (v.  larynKea  superior),  which  arises  in  the  phar>ngo-lar)ngeal  recess  froni  a  plexus 
which  receives  the  blcKKl  from  the  ar>*epiglottidean  fold  and  the  lar>-ngeal  musculature  and  com- 
municates  with  the  v  v.  dorsales  linguse  alK)ve  and  also  uith  the  k)wer  ptirtion  of  tlie  phar>'ngeal 
plexus.  It  passes  upuard  and  backward  in  companv  u ith  the  corres|K)nding  nerve  and  artery 
and  opens  into  the  su|H?rior  thyroid  vein  or  occ«isionally  into  the  linguo-facial  trunk  or  the 
anterior  jugular.  (^)  The  crico-thyToid  vein  is  a  slender  vessel  \vhich  accompanies  the  artery 
of  the  same  name.  (r)  The  stemo-mastoid  vein  (v.  stemocleidomastoidea )  receives  blood  from 
the  stemo-cleido-nifLstoid  muscle  and  is  associated  with  the  arter>-  of  the  same  name. 

5.  The  Middle  Thjrroid  Vein. — The  middle  thyroid  vein  is  not  always 
present  and  mav  lx^  regarded  as  acccs.sory  to  the  superior  thyroid.  It  issues  from 
the  thyn)id  plexus,  opposite  the  lower  part  of  the  lateral  lobcof  the  gland,  and  piLssc»s 
do\vn\vard  and  out\vard.  indcpendentlv  of  anv artery,  to  open  into  the  internal  jugular 
at  the  junction  of  its  middle  and  lower  thirds. 

Thf  Sinuses  of  the  DrRA  Mater. 

The  sinuses  of  the  dura  mater  (sinus  durae  matris)  form  a  series  of  channels, 
frequently  of  considerable  size,  occupving  clefts  in  the  substance  of  the  dura  mater. 
Thev  receive  the  cer^hnil,  meningeal,  and  diploic  veins  and.  in  addition,  communicate 
with  the  extracranial  veins  by  numerous  connecting  veins  known  as  emissary  veins,  the 
largest  and  most  important  of  which  are  the  ophthalmic  veins.  Thev  are  drained 
mainlv  by  the  intrrnal  jugular.  A  statement  of  their  general  structure  and  a  brief 
description  of  the  blood-lakes  associated  with  them  have  already  been  given  (page  851). 

I.  The  Lateral  Sinus.— The  lateral  sinus  (sinus  transversus")  (Figs.  756.  757) 
has  Its  origin  (»ppositt*  the  internal  occipital  protuln^rance,  at  which  point  there  is  a 
meeting  of  five  sinuses.  the  two  lateral,  the  superior  longitudinal,  the  straight,  and 
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Tributaries. — The  lateral  sinuses,  in  addition  to  the  sinuses  which  communicate  with  them 
at  the  torcular  Herophili,  receive  the  following  tributaries,  most  of  vvhich  will  be  described  in 
greater  detail  later:  {a)  the  posterior  infehor  cerebral  veins,  vvhich  pass  backuard  from  the 
temporo-sphenoidal  regions  of  the  cerebral  hemispheres  ;{d)  some  of  the  inferior  cerebellar  veins ; 
(c)  the  superior  petrosal  sinus,  this  latter  communicating  with  it  just  where  it  leaves  the  line  of 
attachment  of  the  tentorium  cerebelli.  Into  the  sigmoid  jKjrtion  there  open  (d )  the  intemal  au- 
ditory  veins  ( vv.  auditivae  intemae ),  vvhich  issue from  the  intemal  auditor>'  mcatus  \  {e')  the  mastoid 
einis8ary  vein  (page  876) ;  and  (/)  some  of  the  veins  of  the  medulla  oblongata  and  pons. 

Variations. — Considerable  variation  exists  in  the  relative  sizes  of  the  right  and  left  lateral 
sinuses,  in  accordance  as  the  superior  longitudinal  sinus  opens  more  or  less  direclly  into  one 
or  the  other.  As  stated,  the  tenaency  is  for  the  superior  longitudinal  to  open  into  the  right 
lateral ;  quite  often,  houever,  it  opens  into  the  left,  and  occasionallv  it  may  communicate  equally 
with  both.  In  100  crania,  Riidinger  found  that  the  right  lateral  sinus  uas  the  larger  in  70  cases, 
the  left  in  27,  and  the  tv\'o  were  equal  in  size  in  only  3  cases. 

The  horizontal  portion  of  the  left  sinus  has  been  observed  to  be  lacking  or  reduced  to  an 
exceedingly  fine  channel,  and  one  or  both  of  the  sinuses  have  been  observed  to  pass  throu^h  a 
greatly  enlarged  m«istoid  foramen  to  open  into  the  ]X)sterior  auricular  vein,  the  sigmoid  smus 
being  represented  only  by  a  verv  small  channel. 

In  a  considerable  numlx;r  of  cases  a  small  sinus,  knovvn  as  \Yn^  peiro-sguamosa/  sinus,  opens 
into  the  lateral  just  as  it  bends  dovvnvvard  and  inuard  upon  the  mastoid  ix)rtion  of  the  temporal. 
This  sinus  passes  downward  over  the  anterior  surface  of  the  jK-trous  portion  of  the  ternjKiral. 
along  the  line  of  its  junction  with  the  squamous  |x>rtion,  c'\nd  occasionallv  passes  through  a 
foramen — the  foramen  jugulare  spurium — which  opens  to  the  exterior  just  i)ehind  the  articular 
eminence  of  the  z^gomcitic  process.  The  sinus  represents  the  original  terminal  iH)rtion  of  the 
lateral  sinus,  the  sigmoid  portion  of  that  sinus  iKMng  a  secondarv  formation,  ancJ  ojx.*ned  after 
its  exit  from  the  foramen  jugulare  spurium  into  the  intemal  jugular,  although  its  connection  in  the 
adult  is  vvith  the  temporal  vein. 

Practical  Considerations. — By  reason  of  its  proximity  to  the  middle  ear, 
mastoid  antrum  and  cells,  the  sigmoid  portion  of  the  lateral  sinus  is  more  often  the 
subject  of  thrombosis  than  any  other  sinus  (page  1509).  This  mav  arise  in  the 
following  six  ways,  mentioned  in  the  ordcr  of  frequeiicy,  the  first  outnumbering  aH  the 
others  :  (i)  Extension  from  chronic  purulent  inflammation  of  the  middle  ear;  (2) 
extension  of  acute  infiammatory  disease  from  the  mouth,  pharyiix,  and  tonsils  into 
the  middle  ear,  antrum,  and  cells  ;  (3)  extension  of  thn)mbosis  from  other  sinuses, 
especially  the  so  closely  associated  superior  petrosiil  ;  (4 )  trauma,  such  as  fracture  of 
the  base  extending  through  the  middle  ear  to  the  sinus  ;  (5)  pressure  of  tumors  or 
discharge  associated  vvith  them  ;  (6)  infection  from  septic  \vouncls  of  the  head,  neck, 
or  mastoid  region  (Macev\'en). 

The  anatomical  symptoms  of  thrombosis  of  this  sinus  may  be  dne  to  (a)  obstruc- 
tive  distension  of  the  superficial  veins  communicating  vvith  the  sinus,  chiefiy  the 
mastoid  vein  (q.v,^  \  (b)  mastoid  infiammati(m  (osteitis)  resulting  from  contiguity 
and  from  the  venous  connection  ;  (r)  phlebitis  of  the  veins  communicating  \vith  the 
sinus,  especially  the  internal  jugular  (page  863),  condyloid  (page  876 ),  and,  occasion- 
ally,  the  mastoid. 

The  subject  of  sigmoid  sinus  thrombosis  is  further  considered  in  relation  to  the 
mastoid  (page  1508). 

The  hiec  (genu)  of  the  sigmoid  portion  of  the  lateral  sinus  extends  further 
inv\'ard  and  forvvard  on  tlie  right  side  than  on  the  left,  and  this  fact,  together  vvith  the 
larger  sizc  of  the  right  lateral  sinus  as  compared  vvith  the  left.  aids  in  explaining  the 
greater  fre(iuency  of  sinus  thrombosis,  septic  meningitis,  and  cerebral  abscess  as 
sequelae  of  otitis  media  on  the  right  side  (page  1509).  The  infection  is  carried 
by  the  veins  vvhich  connect  the  mastoid  cells  and  antrum  vvith  the  genu  of  the 
sigmoid  sinus. 

On  the  surface  the  top  of  the  curve  represented  by  the  horizontal  and  descending 
(sigmoid)  portion  of  the  lateral  sinus  sh(nild  corrc*spond  to  a  point  (asteric)  2.5  cm. 
alx)ve  and  3. S  cm.  (i'.'  in.)  behind  the  centre  of  the  auditory  meatus.  This  is 
about  the  infero-})()stcri«)r  }iarietal  angle.  The  superior  limit  of  the  horizontal  portion 
of  the  sinus  is  re[)resente(l  by  a  line  fn^n  this  asteric  point  t(^  3. S  cm.  (  i^^c  in.  )  above 
the  inion.  The  su})eri()r  and  anterior  Injundarv*  of  the  sigmoid  portion  is  indicated 
by  a  line  from  the  same  point  curving  dovvnvvard  and  forvvard  along  the  skin 
groove  at  the  auriculo-mastoid  junction  to  a  little  belovv  the  level  of  the  cxternal 
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auditory  meatus.  Here  the  sinus  turns  inward  and  fonvard  to  reach  the  jugular 
foramen  and  has  no  further  close  relation  to  the  lateral  cranial  wall.  A  curved  line 
drawn  1 2  mm.  (  J4  in. )  below  the  horizontal  and  behind  the  vertical  portions  of  the 
curved  line  last  described  represents  approximately  the  inferior  and  posterior 
boundary  of  the  sinus.  The  vvidth  thus  indicated — a  half  inch — varies  ;  it  is  usually 
greater  in  the  descending  part  of  the  sinus.  So,  too,  the  space  inter\'ening 
between  the  genu  and  the  po.sterior  wall  of  the  external  auditory  meatus  may  var\- 
from  2-12  mm. 

The  direction  of  the  sinuses  is  also  indicated  (Macewen)  by  a  line  from  the 
upper  edge  of  the  external  meatus  to  the  asterion,  and  by  one  from  the  tip  of  the 
mastoid  to  the  parieto-squamo-mastoid  junction,  the  latter  corresponding  to  the 
midportion  of  the  sinus,  or  that  most  often  in  vol  ved  in  middle-ear  disease.  The 
region  of  danger  in  trephining  is  enclosed  (Birmingham)  by  two  lines,  one  from  a 
point  3.3  cm.  (i^  in.)  above  and  3.8  cm.  (ij^  in.)  behind  the  centre  of  the 
extemal  auditory  meatus  to  a  point  12  mm.  {yi  in.)  above  the  inion  ;  the  other 
from  a  point  3. 8  cm.  (i}4  in. )  behind  the  meatus  and  on  the  same  level  to  a  point 
12  mm.  (3^2  in.)  below  the  inion.  The  sinus  almost  never  overpasses  these  limits 
in  either  a  downward  or  an  upward  direction,  and  hence  the  trephine  or  chisel  may 
be  safely  applied  either  below  or  above  these  lines. 

Fracture  of  the  base  of  the  skull  may  extend  into  the  lateral  sinus,  in  which 
čase  the  blood  may  pass  outvvard  into  the  tympanum  and  thence  by  way  of  the  Eusta- 
chian  tube  to  the  pharynx,  or — if  the  tympanic  membrane  is  torn — may  find  exit, 
mingled  with  cerebro-spinal  fluid,  at  the  external  auditory  meatus  (page  1505). 

For  further  remarks  on  the  practical  relations  of  this  important  sinus,  see 
page  1508. 

2.  The  Superior  Longitudinal  Sinus. — The  superior  longitudinal  sinus 
(sinus  sagittalis  superior)  (Fig.  756)  is  an  unpaired  sinus  which  lies  along  the  line  of 
attachment  of  the  falx  cerebri  to  the  cranial  vault.  It  begins  blindly  anteriorly  by  a 
small  vein-like  portion  which  lies  in  the  foramen  ca^cum  between  the  frontal  and 
ethmoidal  bones,  but  soon  becomes  a  true  sinus  which  passes  upward  and  backward  in 
the  median  line  of  the  frontal  bone,  beneath  the  sagittal  suture  of  the  f)arietals,  and  down 
the  median  line  of  the  squamous  portion  of  the  occipital  to  terminate  at  the  intemaJ 
occipital  protuberance  by  oj)ening  into  the  torcular  Herophili,  or,  usually,  more  or 
less  directly  into  the  right  lateral  sinus. 

The  sinus  is  triangular  in  section  and  increases  gradually  in  size  from  before  back- 
ward,  measuring  about  1.5  mm.  in  diameter  at  the  level  of  the  apex  of  the  crista 
galli  and  1 1  mm.  at  its  termination.  Its  lumen  is  usually  traversed  by  numerous 
irregular  bands  of  connective  tissue  kno\vn  as  chordo'  Wiilisit\  and  frequently,  espe- 
cially  in  aged  persons,  Pacchionian  lK)dies,  which  are  numerous  along  its  course, 
project  into  it  (P^ig.  1039). 

Tributaries.— In  the  fnctus  and  in  early  childhood  the  superior  longitudinal  sinus  communi- 
cates  uith  the  veins  of  the  nasal  cavity  through  the  foramen  ca'cuni,  but  this  connection  is  dissolved 
in  the  adult.  In  addition,  it  communicates  with  the  neighlx>ring  blood-lakes  and  through  these 
with  the  inening:eal  veins,  and  receives  {a)  branches  fn^ni  the  adjacent  portions  of  the  dura 
mater  \  (b)  the  superior  ccrebral  vcins,  from  ten  to  fifteen  in  number  (page  877)  ;  and  {c)  diploic 
veins,  some  of  vvhich  traverse  the  parietal  lx>ne  and  constitiite  emissar>'  veins,  the  most  noticeablc 
of  these  being  one  uhich  traverses  the  parietal  foramen  (page  876). 

Variations.— The  superior  longitudinal  sinus  varies  oonsiderably  in  size  and  is  occasionally 
exceedingly  small,  the  tributaries  \vhich  normallv  open  into  it  passing  dounuard  in  the  falx 
to  open  into  the  inferior  longitudinal  sinus.  It  has  been  observed  to  divide  into  two  trunks 
throughout  a  portion  of  its  course.  and  also  to  divide  at  the  aix^x  of  the  occipital  bone  into  twn 
tnmks  uhich  tollowed  the  lines  of  the  lambdoid  suture  to  oixni  into  the  lateral  sinuses.  l'sually, 
as  staled,  the  sinus  communicates  more  or  less  direc  tly  with  the  right  lateral  sinu.s,  but  occasion- 
ally  it  mav  l)end  to  the  left  of  the  intemal  occipital  protul)erance  and  open  into  the  left  lateral. 

Practical  Considerations. — The  superior  longitudinal  sinus  may  becomc 
infected  (a)  from  the  scalp  througli  the  diploic  veins  ;  {b)  from  foci  of  cerebral  or 
meningeal  disease  through  the  contiguous  blood-lakes  or  through  the  cerebral  veins  ; 
(c)  in  childhood  from  the  noše  through  the  veins  traversing  the  foramen  caecunL 
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When  the  latter  veins  are  patent  epistaxis  may  be  a  symptoiti  oE  cerebral  hypcra;niia 
(as  in  congestive  headachesj  and  inay  relieve  it.  In  children  epistaxis,  in  infmits 
(sdema  of  the  scalp  over  thc  anterior  fontanclle,  and  in  adults  cedema  over  the  parie- 
Ul  and  occipita!  re^ions  are  common  symptums  of  thrombosis  of  this  sinus,  and  are 
casily  understood  in  view  of  its  venous  tributaries. 

Nsevi  in  the  scalp  in  the  mid-line  sometimes  conimunicate  direct]y  with  ihe  sinus 
by  veins  passing  between  the  parietals  or  directiv  through  theni  near  tfee  medial  edge. 

Traumatic  or  inflammatory  thrombosis  may  follow  a  depresscd  fracture  of  the 
cranial  vault  if  the  iragmcnt  invades  the  lutnen  of  the  sinus  and  obstnicts  or  arrests 
the  flow  of  biood. 

A  noninfective  form  of  thrombosis  is  sometimes  observed  in  connectinn  with 
thia  sinus.  It  has  received  the  name  of  marasmic  thrombosis,  as  it  has  usuaUy  bccn 
associated  with  weakness  and  debility. 

The  construction  of  ali  the  sinuscs  predisposes  them  to  thrombosis.  Their 
rigidity,  their  width,  the  trabecul*  which  occasionally  cross  them,  the  peculiar 
which  they  are  prevented  from  being  too  rapidly  dcpleted  durjng  inspira- 


FiG.  756. 


tion  whcn  the  lowering  nf  prcs.sorc  takes  plače  in  the  great  cenical  veins  (page  878), 
and,  in  the  ciuse  of  thv  longitiulinal  simis,  the  direction  in  which  the  blood  from  the 
CCTel>ral  veins  enters  al  an  obtuse  or  right  anglt  against  thc  current,  aH  tend  to  retanl 
the  flow  of  f)ln<)d  aml  fa\or  auifjTilation.  When  to  these  conditions  is  added  a 
deficient  snpplv  of  [X)ssibly  defective  blood,  as  in  exhaustion  or  depletion  from  pro- 
fuse  diarrhfLM.  marasmic  titrombosis  is  apt  to  occur  (Macewcn>. 

The  line  of  the  sinus  lxgins  at  the  root  of  the  noše  and  nms  in  the  mid-line  to 
the  external  occii^ital  protnberance. 

Rarciv  iherc  are  finind  tn  thc  mid-line  of  the  vertex  small  reilurilile  Sttcllings  to 
which  are  fcehK-  transinitlcd  the  brnin  pulsations.  Thcv  are  siibpericranial.  contain 
venous  f>l(KHl,  and  conncct  wiih  the  longitudina!  sinus  ihrough  ajH-rtures  in  the  skull. 
either  congonital,  thc  result  of  frone  disease  oratrophv,  or  due  t<)  acci<lcnt. 

\  The  Inferior  Longitudinal  Sinus.— The  infi-rior  1on>ritudinal  sinus  (sinns 
uglttalis  inferior)  i  Fig.  756)  is  an  unpaired  sinus  w  hi  c  h  lies  in  the  inferior  or  free  edge 
of  the  falx  ccrcbri.     It  begins  at  about  the  middie  of  the  border  of  the  falx  and  passes 
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backward,  gradually  increasing  in  size,  to  the  junction  of  the  falx  with  the  tentorium 
cerebelli,  where  it  o{>ens  into  the  straight  sinus.  It  receives  small  tributaries  from  the 
fabc  and  sometimes  also  from  the  corpus  caliosum. 

4.  The  Straight  Sinus. — The  straight  sinus  (sinns  rectus)  (Fig.  756),  also 
unpaired,  lies  along  the  line  of  junction  of  the  falx  cerebri  with  the  tentorium  cerebelli. 
It  is  formed  at  the  anterior  border  of  the  tentorium  by  the  junction  of  the  inferior  longi- 
tudinal  sinus  and  the  g^eat  cerebral  vein  {vetia  Galeni)  (page  877),  and  is  directed 
backward  to  open  into  the  torcular  Herophili  or  more  usually  into  the  left  lateral 
sinus. 

In  addition  to  the  tvvotrunks  by  whose  union  it  is  formed,  it  receives  a  number 
of  smail  branches  from  the  tentorium,  branches  from  the  posterior  portion  of  the 
medial  surfaces  of  the  cerebral  hemispheres,  and  sometimes  a  median  superior  cere- 
bellar  vein. 

5.  The  Occipital  Sinus. — The  occipital  sinus  (sinus  occipitalis)  (Fig.  757)  is 
an  unpaircd,  or  in  some  cases  a  paired,  sinus  which  descends  from  the  torcular  Herophili 
along  the  line  of  attachment  of  the  falx  cerebelli  to  the  posterior  border  of  the  foramen 
magnum.  There  it  divides  into  two  trunks,  the  marginal  sinuses,  which  pass 
for\vard  along  the  margin  of  the  foramen  magnum,  one  on  one  side  and  one  on 
the  other,  to  open  into  the  bulbus  superior  of  the  corresponding  internal  jugular 
vein. 

The  occipital  sinus  receives  as  tributaries  branches  from  the  falx  cerebelli  and 
the  adjacent  portions  of  the  dura,  and  also  some  veins  from  the  inferior  suriace  of  the 
cerebellum.  At  the  posterior  border  of  the  foramen  magnum,  where  it  bifurcates  to 
form  the  marginal  sinuses,  it  makcs  connection  with  the  veins  of  the  posterior  spinal 
plexus. 

Variations. — The  occipital  sinus  is  occasionally  wantin^,  and  frequently  extends  only  as  far 
as  the  posterior  border  of  the  foramen  magnum,  the  marginal  sinuses  beihg  undeveloped.  ll 
may  ojK^n  alK)ve  into  either  the  right  or  left  lateral  sinus,  or  into  the  straight  sinas  a  short 
distance  before  its  termination. 

6.  The  Cavernous  Sinus. — The  cavemous  sinus  (sinns  caveroosus)  (Fig.  757) 
is  a  paired  sinus  of  considerable  size  which  extends  along  the  sides  of  the  body  of  the 
sphenoid  bone  from  the  si)henoidal  fissure  in  front  to  the  apex  of  the  petrous  portion  of 
the  temporal.  It  measures  about  2  cm.  in  length  and  has  a  diameter  of  about  i  cm. 
and  is  almost  cjuadrilateral  in  cross-section.  Its  external  diameter  does  not,  howe\'er, 
represent  the  actual  capacitv  of  its  lumen,  since  this  is  greatly  reduced  in  size  (i)  by 
being  travcrsed  by  numerous  trabeciila^  from  vvhich  fringe-like  prolongations  hang 
freely  into  the  hlood-current,  a  section  of  the  sinus  having  very  much  the  appearance 
of  a  section  of  the  corpus  cavernosum  penis,  whence  the  name  bestowed  upon  it  bv 
Winslow  ;  and  (2)  by  the  fact  that  the  internal  carotid  artery  and  the  abducent 
(sixth)  nerve  traverse  it,  while  certain  other  of  the  cranial  ner\'es  are  embedded  in  its 
outer  Nvall.  These  nerves  are  the  oculomotor,  the  pathetic,  and  the  ophthalmic  and 
maxillary  divisions  of  the  trigeminus,  which  lie  in  that  order  from  above  downward. 

Tributaries. — At  the  sphenoid.il  fissure  the  cavemous  sinus  receives  the  ophthalmic  vein 
and,  farther  ])ack.  ocrasionally  the  basilar  vein,  both  of  which  are  descrilx.»d  later  on  ((>age  877). 
In  addition,  it  receives  veins  from  the  neighboring  portions  of  the  dura  mater,  and  has  conneciing 
\vith  it  the  spheno-parietal  and  the  intcrcavcmous  sinuses.  These  latter  are  transverse  sinuses 
uhich  pass  across  In^tueen  the  two  cavemous  sinuses.  the  one  (ftinus  intercavemosus  anterior) 
passing  in  front  of  the  sella  turcica  and  the  other  (sinuH  intercavemosus  posterior)  l)ehind  ihat 
cavitv,  and  they  re<eive  branches  from  the  cUira  mater  and  from  the  pituitar>'  body.  The  tuo 
sinuses.  together  \vith  the  iK)rtion  of  the  cavemous  sinus  In-tueen  their  terminalions  on  each  side. 
form  \vhat  is  usuallv  termed  the  circular  sinus  (sinus  circularis). 

ri<  sides  the  vessels  \vhich  are  tnilv  tributaries,  ihe  cavemous  sinus  also  has  connected 
uilh  it  certain  vessels  \vhich  are  emissarv  in  fnnction,  leadinj^  blood  away  from  it.  The  twa 
jH-trosal  sinusrs  in  \vhich  it  terminates  are  of  this  nature.  In  addition,  veins  pass  from  its  under 
surfacf  (1)  throuj;h  the  foramen  ovale,  alon«:;  \vith  the  mandibular  division  of  the  trigreminaJ 
ner\e.  to  communicate  with  the  pteryj^c)id  pkxus  :  (2)  through  the  fibrous  tissueuhich  cK>ses 
the  foramen  lacerum  mediimi :  (3)  throu^h  the  foramen  of  Vesalius,  when  this  exists  ;  and  (4) 
occasionally  throuj^h  the  foramen  rotundum  uith  the  maxillary  division  of  the  tri{^niinal  ner>-e. 
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Where  the  intemal  carotid  eniers  thc  cavcmous  sinus  at  tht  interna)  oriAce  of  the  carotld 
canal  the  sinus  projects  downward  aruund  the  arter}'  in  a  funnel-shaped  iranner,  and  trom  it 
there  arises  a  close  net-work  of  veins,  the  c«rotid  pleiu«  or  carotid  sinus,  which  cuiiipletely 
invests  ihe  artery  throughout  its  course  through  the  carotid  canai,  at  the  lo»er  opening  (i 
which  it  is  continued  inio  one  or  two  veins  which  open  into  the  intemal  jugular. 

Practical  Considerations. — The  cavernous  sinus,  though  less  frequently 
afiected  wilh  thrombosis  than  aiiy  oiher  largu  sinus,  i]iay  becomf  infected  from 
foci  apparently  far  removed,  through  the  fXtra-orbital  Communications  of  the 
ophthalmic  veins  (paj^ra  879,  880).  Thus,  carbuticle  of  the  (ace,  cancrum 
oris,  alveolo-iiental  periostitis,  ulceration  o(  the  Schneiderian  mucous  membrane, 
e[npyema  of   the  maxillary  antrum,   abscess  of   the  frontal  sinus,   osteomyelilis  of 


ihe  frontal   diploic  tissiie,  m 
In  the  presfine  of  ihronilm 


p'  cach  be  foHowed  bv  cavernons  sinus  throtnbosis. 
1,  there  are  two  jrrou|>s  of  pressure  svmptoms  la) 
ledoma  of  the  evelids  and  of  the  corrcspondins:  side 
le  chemosis  ;  (A)  ner\ous,  causinu  ptosis.  strabismus, 


venous,  ouisinj;  '.'\ophlhali 

oitheroof.f  the  nosi-,  aml 
th,'  piipil,  paii 

vi'nniis  aneurisni  bruveen  this  sinus  and  the  inteni:d  riiroiid,  i 
nous  olvslruction  (pajreH6.i  1.  uften  likewis<.- causo 
-  third.  thc  fourih.  and  the  ophthalmic  d 
lil  the  (hira  mater  on  the  oiiter  nall  of  thi 
ose  relaiion  to  the  internat  rarotid. 

;1  of  the  contents  of  the  anterior  and  lower  portions  of  the 
ernous  sinus;  that  of  tlie  remainint;  portton.  —  induding  the 


in  thc  distribmini,  ,,f 
cranial  ru-rvi-s,  ivhich 
8ixth  ncrve,  ivhirh  is  i 
The  l>ulk  of  Ihe  I 
skull  empties 


addition 


of  the  lifth 
and  of  the 


greater  part  of  the  cerebruni.  the  certbellum,  the  pons,  and  the  cerebral  peduncles 
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— chiefly  into  the  tributaries  of  the  lateral  sinus.  The  two  sinuses  through  thc 
superior  petrosal  sinus  and  other  venous  channels,  have  free  anastomotic  connection 
which  effectually  tends  to  equalize  or  distribute  blood-pressure. 

The  communication  between  the  two  cavernous  sinuses  through  the  basilar  sinus 
plexus — and  the  circular  sinus,  is  an  important  portion  of  the  mechanism  by 
which  the  pressure  of  venous  blood  within  the  skull  is  equalized.  This  same  com- 
munication may,  however,  in  a  čase  of  anterio- venous  aneurism  {vide  supra)  bring 
about  involvement  of  the  orbit  on  the  other  side,  the  blood  from  the  aneurism  entering 
the  opposite  sinus  by  way  of  these  intercommunicating  sinuses,  or  infection  may 
follow  the  same  channel. 

7.  The  Spheno-Parietal  Sinus. — The  spheno-parietal  sinus  (sious  spheno' 
parietalis),  also  known  from  its  position  as  the  sinus  alce parvce,  arises  at  the  outer 
extremity  of  the  lesser  wing  of  the  sphenoid  from  one  of  the  meningeal  veins  and 
passes  horizontally  inward,  under  cover  of  the  posterior  border  of  the  lesser  wing.  to 
reach  the  cavernous  sinus  near  its  anterior  extremity.  It  receives  dural,  diploic,  and 
some  of  the  anterior  cerebral  veins. 

8.  The  Superior  Petrosal  Sinus. — ^The  superior  petrosal  sinus  (sinus  petrosns 
superior)  is  the  smaller  of  the  two  sinuses  into  which  the  cavernous  divides  at  the 
apex  of  the  petrous  portion  of  the  temporal.  It  passes  outward  and  backward  along 
the  superior  lx)rder  of  the  petrous  lx:>ne  and  opens  into  the  lateral  sinus  just  at  the 
point  \vhere  it  leaves  the  line  of  attachment  of  the  tentorium  cerebelli  to  become  the 
sigmoid  sinus.  The  superior  petrosal  sinuses  receive  some  small  tympanic  veins  and 
some  branches  from  the  cerebellum  and  cerebrum. 

9.  The  Inferior  Petrosal  Sinus. — The  inferior  petrosal  sinus  (sinus  petrosas 
inferior)  is  the  larger  terminal  branch  of  the  cavernous  sinus,  and  extends  from  the 
posterior  extremity  of  that  sinus,  at  the  apex  of  the  petrous  portion  of  the  temporal 
bone,  along  the  petro-occipital  suture  to  the  jugular  foramen,  where  it  opens  into  the 
superior  bulb  of  the  jugular  vein,  or,  frequently,  into  the  vein  below  the  bulb. 

In  addition  to  small  branches  from  the  neighboring  portions  of  the  dura  and 
from  the  cerebellum,  pons,  and  medulla  oblongata,  the  inferior  p>etrosal  sinus 
receives  some  internal  auditor}'  veins  and  an  anterior  condyloid  vein  which  arises 
from  a  plexus  surrounding  the  hypoglossal  nerve  in  its  course  through  the  anterior 
condyloid  foramen.  In  its  anterior  portion  the  sinus  is  also  in  communication  with 
the  biisilar  sinus. 

10.  The  Basilar  Sinus. — The  basilar  sinus  (plexus  basilaris),  also  termed  the 
transvcrse  sinus,  is  usually  a  plexus  of  sinuses  rather  than  a  single,  distinct  sinus. 
It  occupies  the  dura  mater  which  covers  the  basilar  process  of  the  occipital 
bone  and  communicates  with  thc  inferior  petrosal  and  posterior  intercavemous 
sinuses  in  front,  and  behind,  at  the  anterior  border  of  the  foramen  magnum,  with 
the  anterior  spinal  plexus.  It  receives  branches  from  the  medulla  oblongata  and 
from  the  diploe. 

Practical  Considerations. — Fracture  of  the  base  of  the  skull  through  the 
posterior  (cerebcUar)  fossa  may  in  vol  ve  the  basilar  plexus  of  sinuses  and  befollowed 
by  an  intracranial  hemorrhage  which  slo\vly  oozes  through  the  line  of  fracture  and, 
following  the  lines  of  vessels  or  nerves,  ultimatcly  causes  swelling  and  ecchymosis  of 
the  skin  of  the  neck  ;  the  latter  is  apt  to  show  first  anterior  to  the  tip  of  the  mastoid, 
to  \vhich  region  the  blood  is  conducted  by  the  cellular  tissue  around  the  auricular 
artery.      It  spreads  thence  upward  and  backuard  in  a  curved  line. 

The  Dipi.otc  Veins. 

Thi'  spaces  of  the  diploe  are  traversed  by  a  rich  plexus  of  veins,  characterized 
hy  the  thinness  <^f  their  \valls  and  of)ening  hy  numerous  small  communicating 
branches  (.ither  into  the  veins  of  the  scalp,  the  middle  meningeal  veins.  or  thc 
cranial  sinuses.  .Some  larger,  although  rather  inconstant.  stems  also  arise  from  the 
plexus  and  form  \vhat  are  termed  the  diploic  veins.  Of  these,  four  are  usually 
recognized  (Fig.  758). 
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I.  The  anterior  diploic  vein  (v.  diploica  franulin)  descends  in  the  diploe  uf  the  frontal  bone 
and  at  the  level  uf  ihe  su|>ra-orbiUl  notch  upens  cithcr  intu  the supra-orbital  ur  ophthaltHic  iciu. 
It  comniunicalcs  ujtli  the  anterior  tcniporal  diploic  vein  and  aisu  with  the  frontal  veiiis  and  tlie 
superior  loiiKitudinal  sinus. 

3.  The  anterior  temporal  diploic  v«in  (v.  diploica  tcniporalis  snicriurl  passes  dounvard  aiid 
fi>i*ward  in  the  diploc  uf  the  anterior  portion  of  the  [larietat  bone  and  o|M:ns  cithcr  jntu  a  deep 
tempural  vein  or  iiito  tlie  s|>lieno-parietiil  sinus. 

3.  The  poBteiior  temporal  diploic  vein  { v.  diploica  temperalU  postcrior )  passes  duunuard  in 
the  diploe  of  ihe  [nisterior  i>art  of  the  parietal  bone  and  usuallj'  ojiens  intu  the  niastoid  emLssar)' 
vein,  thus  comniuiticating  with  the  laleral  sinus.  It  also  comniunicates  wilh  Ihe  postcrior  auric- 
ular  vein  and  may  open  inio  it. 

4.  Theoccipital  diploic  vein  (v.diplolcaoccipiulia)  passes  downward  in  theS((Uamouspunion 
of  the  occipilal  bone,  not  far  f  roni  the  median  line.  and  upeits  eithcr  inio  the  uccipital  vein  or  into  the 
occipital  en)issary  v«n,  by  which  it  communicates  with  the  torcular  Herophili  or  the  lateral  siniui. 

Fig.  758. 


Practical  Considerations.— The  diploic  veins  beinj;  incapable  of  effective 
contractlon,  bleed  verv  frecly  and  pcrsistentiv,  and  are  sonietimes  a  sutircc  of 
etnbarrassmcnt  during  operatioiis  on  the  sIcuU.  Through  thuir  Communications 
with  the  veins  of  tlie  scalp  on  the  one  hand.  and  with  the  endo-craniai  sinuses 
and  meningeal  veins  on  the  other,  thcv  mav,  as  in  some  ca.ses  of  compoimd  fracture, 
convey  infection  from  the  snrface  to  the  diploe,  causing  osteomveiitis  and  neerosis, 
or  within  the  cninium.  caiisinjr  septic  meningitis  or  sinus  thrombosis.  Pvai-mia 
has  followe<l  an  infective  phlehitis  of  the  diploic  veins  themselvcs,  Diploic  infection 
introduced  from  without — pyo^;cnic — or  throiifjh  the  blood— tiiherciilons — is  apt 
to  spread  rapidiy  within  the  diploic  tissue  itself,  a,s  well  as  to  the  underlying 
structures. 

TiiK  Emissarv  Vkins. 

The  term  rtnissarv  Triu  is  applied  to  ihose  branchcs  which  placc  the  sinuses  of 
the  dura  mater  in  cominunication  »ith  veins  e.tternal  to  the  craniai  cavitv.  Using 
the  term  in  its  broadesi  senst-.  the  emissarv  \eins  are  vcry  inimerous.  since  both  the 
diploic  and  the  iiK-ningeal  \eins  might  be  regarded  as  such.  ;»s  well  as  the  carotid 
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plexus  (page  873)  and  the  ophthalmic  vein  (page  879),  ali  these  making  connections 
with  the  sinuses,  on  the  one  hand,  and  with  extracranial  veins,  on  the  other.  1 1  b 
customary,  however,  to  limit  the  term  to  certain  veins  which,  for  the  most  i>art, 
traverse  special  foramina  in  the  cranial  walls,  a  few,  however,  passing  thraugh 
foramina  whose  principal  content  is  one  of  the  cranial  nerves. 

1.  The  parielal  eini8sary  vein  ( emissarium  (Mirietale),  rather  variable  in  size,  traverses  the  cor- 
respondingly  variable  parietal  foramen,  placing  the  superior  longitudinal  sinus  in  comrnunicatJoii 
with  the  veins  of  the  scalp. 

2.  The  occipital  einissary  vein  (emissarium  occipitale)  traverses  the  occipital  protuberance 
and  places  the  torcular  Herophili  or  one  or  the  other  of  the  lateral  sinuses  in  communication  with 
the  occipital  veins.  Its  size  is  variable  ;  it  usually  receives  the  occipital  diploic  vein,  and  may 
perforate  only  the  extemal  or  the  intemal  table  of  the  occipital  bone,  representing  in  such  cascs 
the  terminal  portion  of  the  diploic  vein  rather  than  a  true  eniissar>'. 

3.  The  mastoid  einissary  vein  (emissarium  mastoideum )  passes  through  the  mastoid  foramen 
and  places  the  lateral  sinus  in  communication  with  either  the  occipital  or  the  posterior  auricuUr 
veins.  It  is  occasionally  wanling,  and,  on  the  other  hand,  may  be  so  large  as  to  ap]x;ar  to  be 
the  continuation  of  the  lateral  sinus,  the  terminal  portion  of  that  vessel  between  the  mastoid  and 
jugular  foramina  being  greatly  reduced  in  size. 

4.  The  posterior  condyloid  emi88ary  vein  (emissarium  condyloideum)  is  very  inconstant,  and 
when  present  traverses  the  posterior  condyloid  foramen.  extendmg  between  the  lateral  sinus  near 
its  termination  and  the  vertebral  veins. 

5.  The  anterior  condyloid  emi8sary  vein  (rete  canalis  bypoglos8i)  is  a  net-u'ork  which  sur- 
rounds  the  hypoglossal  nerve  in  its  course  through  the  anterior  condyloid  foramen.  Krom  the 
plexus  two  veins  arise,  one  of  uhich  passes  to  the  inferior  petrosal  sinus  and  the  other  to  the 
vertebral  veins. 

6.  The  emissaries  of  the  foramen  ovale  ( reic  foraminis  ovalis)  are  formed  by  two  veins  uhich 
communicate  alx)ve  uith  the  cavernous  sinus  and  pass  to  the  foramen  ovale,  uhere  they  form  a 
plexus  surrounding  the  mandibular  division  of  the  trigeminal  nerve  and  communicate  uith  the 
pterygoid  plexus  of  veins.  Occasionaily,  also,  a  similar  plexus  accompanies  the  maxillar>'  division 
of  the  trigeminus  through  the  foramen  rotundum. 

7.  The  emissary  vein  of  the  foramen  of  Vesalius  is,  like  the  foramen,  inconstant.  occurring 
only  al)out  once  in  three  cases.  It  extends  betueen  the  cavernous  sinus  and  the  pterjgoid 
plexus  of  veins. 

8.  Kinally,  a  variable  number  of  small  veins  pass  through  the  connective  tissue  uhich 
closes  the  foramen  lacenim  medium  and  plače  the  cavernous  sinus  in  communication  uith  the 
pter>'goid  plexus. 

Practical  Considerations. — The  relations  of  the  emissary  veins  explain  manv 
cases  of  spread  of  extra-cranial  infection  to  the  nieninges  and  the  sinuses.  If  there 
were  no  emissary  veins,  injiiries  and  diseascs  of  the  scalp  and  skiill  would  lose 
half  their  serioiisness  (Treves).  Infected  uounds  of  the  scalp,  cellulitis  or  er\'sipelas 
in  vol  v  in^  that  structiire,  ostcomyelitis,  or  necrosis  of  the  cranial  bones  may  through 
the  emissarv  veins  resnlt  in  serioiis  intra- cranial  disease.  The  largest  of  these  veins 
is  usiiallv  the  mastoid,  the  comminiication  bet\veen  the  lateral  sinus  and  the  occipital 
or  posterior  auricular  vein  izvide  supra).  This  relation  and  the  considerable  quan- 
tity  of  blood  carried  by  the  mastoid  vein  are  thought  to  explain  the  supfKised  eflect 
of  leeches  or  blisters  appliecl  hehind  the  car  in  cerebral  hyper£emia  or  inflammation, 
especially  as  nearly  ali  the  blood  of  the  brain  leaves  it  through  the  lateral  sinuses. 
They  also  explain  the  extensive  <edema  hehind  the  ear  and  around  the  mastoid 
region  often  seen  in  lateral  sinus  thrombosis.  Pus  bas  formed  in  the  cerebellar 
fossa  outside  of  the  sigmoid  sinus,  made  its  exit  through  the  mastoid  foramen  and 
api)eared  as  an  occipito-cer\ical  abscess  (Erichsen).  The  escape  of  pus  by  the 
mastoid  foramen  indicatrs  extraclural  ])us  in  the  cerebellar  foss^i  alx)ut  the  sigmoid 
groove,  uith  the  probability  that  sigmoid  sinus  thrombosis  exists,  especially  if  the 
mastoid  vein  is  itself  thronihosed  (Maceuen). 

In  suj)piirative  sigmoid  sinus  disease  the  j^osterior  condvloid  vein  mav  convey 
infection  to  the  cellular  tissue  in  the  uf)i)er  |)art  of  the  posterior  cer\ical  triangle. 
causing  abscess  bencrath  the  deep  fascia  ;  or,  as  a  result  of  cerel)ellar  pachvmen- 
ingitis,  there  may  be  phlebitis  of  this  vein,  uith  marked  tendemess  in  the  same 
region.  The  emissary  veins  are  important  agents  in  the  equalization  of  intra -cranial 
pressure. 
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The  Cerebral  Veins. 

The  cerebral  veins  (vv.  cerebri)  convey  the  blood  carried  to  the  brain  by 
the  cerebral  arteries  to  the  sinuses  of  the  dura  mater.  They  differ  from  most 
of  the  other  veins  in  that  they  contain  no  valves,  their  walls  are  very  thin  and 
destitute  of  muscle-tissue,  and  their  arrangement  does  not  usually  follow  that  of  the 
arteries. 

1.  The  Superior  Cerebral  Veins. — The  superior  cerebral  veins  (vv.  cerebri 
superiores)  are  from  eight  to  tvvelve  in  number,  draining  the  upper,  lateral  and  medial 
surfaces  of  the  cerebral  hemispheres.  They  follow,  for  the  most  part,  the  sulci  of  the 
hemispheres,  although  connected  across  the  gyri  by  numerous  anastomoses,  and  they 
open  above  into  the  superior  longitudinal  sinus.  The  various  veins  sho\v  a  tendency 
to  increase  in  size  from  before  backward,  and  while  the  anterior  ones  ha  ve  a  course 
almost  at  right  angles  to  the  superior  longitudinal  sinus,  the  more  posterior  ones  are 
directed  fonvard  as  \vell  as  upward  and  open  obliquely  into  the  sinus  and  in  a  direc- 
tion  contrary  to  the  flow  of  the  blood  contained  within  it. 

2.  The  Middle  Cerebral  Vein. — The  middle  cerebral  vein  (v.  cerebri  media)« 
also  termed  the  superficial  Sylvia?i  vein,  lies  superficially  along  the  line  of  the  Sylvian 
fissure  and  opens  below  into  either  the  cavernous  or  the  spheno-parietal  sinus.  It 
receives  affluents  from  the  surface  of  the  brain  on  either  side  of  the  fissure  and  through 
these  anastomoses  with  both  the  superior  and  inferior  cerebral  veins.  One  of  these 
afHuents  which  lies  approximately  along  the  line  of  the  fissure  of  Rolando  is  usually 
of  large  size  and  communicates  directly  \vith  one  of  the  superior  cerebral  veins,  the 
two  forming  what  is  known  as  the  great  anastomotic  vein  of  Trolard,  uniting  the 
superior  longitudinal  sinus  with  the  median  cerebral  vein. 

3.  The  Inferior  Cerebral  Veins. — The  inferior  cerebral  veins  (\t.  cerebri 
inferiores)  are  a  number  of  small  veins  which  occupv  the  inferior  surfaces  of  the  hemi- 
spheres. They  are  someuhat  irregular  in  their  arnuigement,  those  of  the  frontal 
lobes  anastomosing  with  the  superior  cerebrals  and  opcning  into  the  anterior  portion 
of  the  superior  longitudinal  sinus,  \vhile  those  of  the  temporo-sphenoidal  region 
anastomose  with  the  middle  cerebral  and  open  into  the  spheno-parietal,  cavernous  and 
superior  petrosal  sinuses  and  into  the  basilar  vein. 

4.  The  Great  Cerebral  Vein. — The  great  cerebral  vein  (v.  cerebri  magna), 
also  known  as  thej^r^a/  vein  of  Galen,  is  a  short  stem  about  i  cm.  in  length  which 
is  formed  beneath  the  splenium  of  the  corpus  callosum  in  the  neighborhood  of  the 
pineal  body,  by.  the  union  of  the  t\vo  internal  cerebral  veins.  It  passes  backward 
and  upward,  curving  around  the  posterior  extremity  of  the  corpus  callosum,  and 
terminates  (Fig.  756)  by  opening  into  the  anterior  end  of  the  straight  sinus. 

Tributaries. — The  >n*eat  cerebral  vein  is  formed  by  the  union  of  the  t\vo  {a)  internal  cerebral 
veins  ( vv.  cerebri  interna; ),  also  known  as  the  small  veins  of  Galen.  These  are  situaled,  one  on 
either  side  of  tlie  median  line,  in  the  vetum  inten^)sitiim,  \vhich  forms  the  roof  of  the  third 
ventricle.  Each  is  formed  at  the  foramen  of  Monro  by  the  union  of  three  veins,  the  choroid  vein, 
the  vein  of  the  septum  lucidum,  and  the  vein  of  the  corpus  striatum.  The  choroid  vein  (v.  cbori- 
oidea)  seems  to  lx;  the  direct  continuation  of  the  internal  cerebral  vein.  It  iK-g^ns  at  the  junc- 
tion  of  the  bodv  and  descendin)^  horn  of  the  lateral  ventricle,  passes  foru'ard  along  the  floor  of 
the  ventricle  in  the  outer  edjje  of  the  choroid  ple-xus,  and  opens  al  the  foramen  of  Monro  into  the 
internal  cerebral  vein  of  its  side.  The  vein  o!  the  septum  lucidum  (v.  septi  pellucidi)  passes 
backward  alonj;  the  outer  (ventricular)  suriace  of  the  septum  lucidum,  retuminp  the  bUxxl  from 
the  head  of  the  caudate  nurleus  and  neiji^hl^orinjj^  parts,  and  the  vein  of  the  corpus  striatum  (v. 
terminalis),  \vhich  drains  the  lenticular  nucleus  and  to  a  certain  extent  the  caudate  nucleus  also, 
passes  backuard  in  the )]jro<:)ve  lK'tween  the  corpus  striatum  and  the  optic  thalamus  (stria  termi- 
nal is). 

{h)  The  posterior  vein  of  the  corpus  callosum  passes  l>ackward  from  about  the  middle  of 
the  sufKTior  suriac  e  <M  the  coqnis  callosum  and.  bending  around  the  splenium,  empties  into  the 
p*eat  cerebral  vein  or  into  the  internal  cerebral  vein  near  its  termination.  It  receives  blood 
from  the  corpus  callosum  and  from  the  median  surface  of  the  hemisphere. 

(r)  The  basilar  vein  i  v.  hasalis)  is  a  largje  paired  vein  uhich  arises  at  the  anterior  per- 
forated  space  ]>y  the  junction  of  the  deep  Svlvian  vein  with  the  anteriopvein  of  the  corpus  cal- 
losum. It  passes  barkward  over  the  optic  tract  of  its  side  and  then  cur\'es  upward  around  the 
crus  cerebri  to  reach  the  dorsal  surface  of  the  brain-stem,  u-here  it  opens  into  either  the  jueat  or 
the  internal  cerebral  vein.     OccasionaIly  the  terminal  portion  which  bends  upward  around  the 
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The  inferior  cerebellar  veins  (vv.  cerebclli  inferioresj,  somcuhat  larger  than 
the  superior,  pass  in  part  fonvard  and  outward  to  open  into  the  lateral  or  superior 
petrosal  sinuses,  and  in  part  backward  to  unite  \vith  the  occipital  sinus. 

The  Ophthalmic  Veins. 

The  ophthalmic  veins  take  their  origin  from  the  contents  of  the  orbit  and  pass  froin 
before  backward,  uniting  to  form  two  j)rincipal  trunks,  a  large  superior  and  a  smallcr 
inferior  ophthahnic  vein,  \vhich  open  at  the  sphenoidal  tissure  into  the  anterior 
extremity  of  the  aivernous  sinus.  At  the  margin  of  the  orbit  both  veins  form 
important  connections  \vith  the  angular  vein,  and,  since  no  val  ves  occur  in  any  of 
the  branches  of  the  ophthalmic  veins,  they  form  important  emissiiries  connecting 
the  cavernous  sinus  with  the  facial  vein. 

1.  The  Superior  Ophthalmic  Vein. — The  superior  ophthalmic  vein  (v.  oph- 
thalmica  superior)  (Fig.  757)  is  formed  at  the  inner  angle  of  the  orbit  by  the  fusion  of 
usually  two  vessels  which  come  from  the  supra-orbital  and  angular  veins  and  pass 
respectively  above  and  belo\v  the  pulley  of  the  superior  oblique  muscle  of  the  eye 
and  unite  a  short  distance  po.sterior  to  that  stnicture.  The  anteric^r  portion  of  the 
superior  ophthalmic  vein  so  formed  is  sometimes  termed  the  :•.  naso-frontalis,  and  in 
its  further  course  it  is  directed  someuhat  tortuously,  at  tirst  obliquely  back\vard  and 
outward,  passing  across  the  optic  nerve  and  l)eneath  the  superior  rectus  muscle, 
and  then  more  directly  backuard  to  the  sphenoidal  tissure. 

Tributaries. — The  superior  ophthalmic  receives  nimu^rous  tribiitaries  from  both  ihe  t;yeball 
and  the  other  contents  of  the  orbit,  most  of  the  branches  from  the  latter  sources  corresF>ondinjj 
to  branches  of  the  ophthalmic  arterv.  Thus  it  receives  ( a )  the  anterior  and  ( b )  the  posterior 
ethmoidal  veins  (vv.  ethmoidales  anterior  et  posierior)  uhich  retum  blood  from  the  sphenoidal 
sinus  and  the  superior  meatus  and  turbinale  bone  of  the  noše,  coninumic.itinj;:  \vith  the  other 
veins  of  the  nasat  cavity  and  entering  the  orbit  by  the  ethinoidal  foramina  ;  ( r )  the  lachrymal 
vein  (v.  lacrimalis),  a  vein  of  considerable  size  arisinij  in  the  lachrvmal  gland  and  accompanving 
the  arter>'of  the  same  name  ;  and  {d\  muscular  veins  ( vv.  musculares)  vvhich  retum  the  bl(K)d 
from  the  levalor  palpebrae  superioris,  the  superior  and  internal  recti,  and  the  suix^rior  oblique,  the 
veins  from  the  other  muscles  of  the  orbit  usuallv  ojHfninjj:  into  the  inferior  ophthahnic  vein. 

From  the  eveball  it  receives  (r)  the  two  superior  venae  vorticosse.  These  veins  retum  the 
blood  from  the  choroid  coat,  the  ciliary  lx)dy,  and  the  iris,  and  are  four  in  numl)er,  each  having 
its  orignn  from  a  rich  plexus  uhich  occupies  one  of  the  four  (juadrants  of  the  choroid.  the  prin- 
cipal  stems  of  the  plexus  radiatin^  from  ali  directions  louards  the  central  point  of  its  quadrant. 
Here  they  unite  to  form  a  sinj^le  tnink  uhich  pierces  the  sclera  obliciuely  at  about  the  equator 
of  the  eyeball,  the  veins  from  the  two  sup)erior  quadrants  emptyin^  into  the  sujKTior  ophthalmic, 
w'hile  the  two  from  the  inferior  (]uadrants  connect  \vith  the  inferior  ophthalmic.  Occasionalh* 
five  or  six  vena?  vorticosa*  exist,  and  they  open  sometimes  into  the  muscular  veins  instead  of 
directly  into  the  ophthalmic  stems.  (/)  The  anterior  ciliary  veins  (vv.  ciliares  anteriores)  are 
ver\-  slender  veins  \vhich  leave  the  eyeball  at  the  points  uhere  the  recti  muscles  are  inserted 
into  the  sclerotic  ;  two  or  three  veins  are  associated  \vith  each  muscle-tendon  and  open  into  the 
muscular  veins.  (  g^  The  posterior  ciliaTy  veins  (vv.  dliares  posteriores)  accompany  the  poste- 
rior  or  short  ciliarv-  arteries.  The  territor>'  supplied  by  the  arteries  is,  houever,  drained  by  the 
N^ena  vorticosa?,  and  the  posterior  ciliar\'  veins,  uhich  are  very  small,  take  their  orij^in  onIy  from 
the  posterior  portion  of  the  sclerotic  and  from  the  sheath  of  the  optic  nerve.  ( h )  The  vena  cen- 
trmlis  retinse  is  a  sinj^le  stem  \vhich  accompanies  the  correspondinjj  arter>'  throug:h  the  centre  of  the 
optic  ner\'e,  and  has  its  orijjin  in  branches  which  ramifv  over  the  surface  of  the  retina.  The  vein 
leaves  the  optic  nerve  usually  before  the  arter\'  and  o|xrns  either  into  the  superior  ophthalmic 
vein  or,  more  frecjuentlv,  direi  tly  into  the  cavernous  sinus. 

2.  The  Inferior  Ophthalmic  Vein. — The  inferior  ophthalmic  vein  (v.  oph- 
thalmica  inferior )  (  Fig.  757 )  takes  its  origin  from  a  net-\vork  of  small  veins  situated 
on  the  inner  portion  of  the  floor  of  the  orbit  near  its  border.  This  plexus  communi- 
cates  with  the  facial  vein  and  is  continued  backward  towards  the  hmdiis  of  the  orbit, 
more  frequently  as  a  coarse  net-\vork  than  as  a  definite  stem.  The  vein,  when  it 
«xists,  or  the  net-\vork,  anastomoses  \vith  branches  of  the  superior  ophthalmic. 

Tributaries.— ( <7)  Muscular  branches  from  the  inferior  and  extemal  recti  and  the  inferior 
oblique  mustles  and  (A>  the  inferior  vense  vorticosse  from  the  lo\ver  half  of  the  eyeball. 
It  opens  posleriorlv  either  directlv  into  the  cavernous  sinus  or  else  unites  with  the  superior 
ophthalmic  vein. 
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Anastomoses  of  the  Ophthalmic  Veins. — The  ophthalmic  veins  are  throughout  destitute 
of  valves  and  open  posteriorly  into  the  cavemous  sinus,  and,  since  they  also  conimunicate  with 
peripheral  veins,  they  may  well  be  regarded  as  emissary  channels  through  which  the  blood  inay 
flow  either  from  the  cavemous  sinus  to  the  peripheral  veins  or  in  the  reverse  direction,  as  fnay 
be  determined  by  the  relative  pressure  vvithin  and  without  the  cranium.  The  principal  connec- 
tions  vvhich  the  veins  make  are  ( i )  with  the  facial  vein,  which  is  itself  practically  devoid  of 
valves,  through  their  branches  of  origin  ;  ( 2 )  with  the  veins  of  the  nasal  cavity  through  the  eth- 
moidai  branches  ;  and  ( 3 )  with  the  pterygoid  plexus  by  nieans  of  a  branch  of  the  inferior  ophthal- 
mic which  passes  down\vard  through  the  spheno-maxillary  fissure. 

Practical  Considerations. — The  communication  between  the  superior 
ophthalmic  vein — the  largest  channel  in  the  adult  between  the  vessels  of  the  venons 
system  of  the  head  and  face  and  the  sinuses  of  the  dura  mater — and  the  facial  vein. 
while  adding  to  the  danger  of  intracranial  complications  as  a  result  of  infectious  disease 
situated  upon  the  face  (page  873),  affords  relief  to  intraocular  tension  in  cases  ot 
pressure  upon  the  cavernous  sinus,  as  from  an  inflammatory  exudate  or  an  intra- 
orbital  or  intracranial  growth.  Such  relief  delays  the  appearance  of  *'  choked  disc" 
(page  147 1),  due  to  the  distension  of  the  tributaries  of  the  vein,  especially  the  poste- 
rior  ciliary  veins  and  the  vena  centralis  retinae.  In  arterio-venous  aneurism  of  the 
cavernous  sinus  and  internal  carotid  artery — due  to  basal  cranial  fracture,  a  bullet- 
or  stab-wound,  or  to  idiopathic  vascular  degeneration — the  ophthalmic  veins  are 
usually  compressed  and  may  transmit  pulsation  from  the  sinus  to  the  dilated  veins 
of  the  eyelids  and  of  the  frontal  region.  The  conjunctivae  are  congested.  Exoph- 
thalmos  (page  1439),  bruit  and  thrill  are  not  uncommonly  present  as  a  result  of 
involvement  of  the  intraorbital  veins.  Nervous  symptoms — noise  in  the  head, 
intracranial  or  frontal  pain  and  paral yses — are  rarely  absent. 

These  symptoms  may  be  simulated  by  those  caused  by  traumatic  aneurism  of 
an  orbital  artery  or  by  the  direct  pressure  of  an  internal  carotid  aneurism  on  the 
ophthalmic  vein  as  it  empties  into  the  sinus. 

The  External  Jugular  Vein. 

The  external  jugular  vein  (v.  jugularis  externa)  (Fig.  759),  notwithstanding  its 
usual  connection  \vith  the  subclavian,  is  closely  related  both  in  its  development  and 
topographical  relations  \vith  the  internal  jugular,  and  may  be  most  conveniently  con- 
sidered  here.  It  is  formed  in  the  neighborhood  of  the  angle  of  the  mandible  by  the 
union  of  the  temporo-maxillary  and  [)osterior  auricular  veins,  and  courses  do^'nward 
immediately  belovv  the  platysma,  crossing  the  sterno-cleido-mastoid  muscle  obHquely. 
In  the  lo\ver  part  of  the  neck  it  pierces  the  superficial  layer  of  the  deep  cen-icad 
fascia,  somctimes  above  and  somctinics  belovv  the  posterior  belly  of  the  omo-hvoid, 
and  opens  into  the  sulx:lavian  vein  ncar  its  junction  with  the  internal  jugular.  A 
short  distance  below  its  origin  it  gives  off  a  large  branch  which  passes  forvard  and 
down\vard  to  communicate  with  the  facial  vein. 

At  its  entrance  into  the  sulKlavian  it  is  provided  with  a  pair  of  valves,  and  usuallv 
a  second  pair  occurs  at  ab<Mit  the  middle  of  the  neck,  A  third  pair  is  occasionallv 
present  in  the  interval  bet\veen  the  other  two,  and  ali  of  them  are  insuffident. 
The  superficial  laver  of  the  deep  cervical  fascia  is  intimately  adherent  to  the  walls 
of  the  vein  at  the  point  where  the  latter  perforates  it,  and  sometimes  the  fascia 
is  especially  thickened  inimediatelv  belovv  and  to  the  inner  side  of  the  vein.  This 
attachnient  of  the  fascia  |)revents  anv  collapse  of  the  walls  of  the  lov*'er  part  of  the 
vein,  if  for  anv  reason  there  is  a  deficiency  in  the  amount  of  blood  it  contains,  and 
predisposes,  therefore,  to  the  entrance  of  air  in  čase  the  vein  is  severed. 

Variations. — Considtrabk-  (liffert-nces  of  opinion  exist  as  to  the  definition  of  the  extemal 
jugular  vfin.  .Some  authors  describc  it  as  formed  bv  the  union  of  the  posterior  auricular  and 
occipital  veins,  the  comnuinicatinjj:  branch  describetf  alx)ve  as  occurring  between  it  and  the 
facial  l)eing  ihen  regarded  as  the  main  stem  of  the  temporo-maxillary  ;  others,  again,  re|:ard  it 
as  fomu-d  by  the  union  of  the  tempora!  and  maxillary  veins,  the  temporo-maxiliar>'  then  cod- 
stituting  its  upper  portion. 

The  vein  is  subject  to  considerable  variation  in  size,  an  inverse  correlation  existin^  between 
it  and  the  aiiterior  jugular.  It  may  even  be  entirely  \vanting  or,  on  the  other  hand,  it  may  be 
doubie  throughout  a  i>ortion  of  its  course.  It  occasionallv  divides  belovv,  one  branch  passiii|c. 
as  usual,  to  the  subclavian,  \vhile  the  Other,  passing  over  the  clavicular  attachment  of  the 
cieido-mastoid,  opens  into  either  the  anterior  or  the  internal  jugular. 
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ttith  tli«  abuiidmu  variation  shown  in  tht  siii;  of  thu  cKlenial  juguhir  ii  is 
interesting  to  nott  that  iii  the  niajority  of  niamniats  it  Is  thc  niost  inijx>rlant  vcin  uf  thi:  ncck, 
siupassint;  the  iiitemal  jugular  in  size.  It  is,  hunevt^r,  of  Inler  developnicnt  Ihan  the  .lalter. 
and  its  later  iniportance  is  due  lHr^ly  to  the  union  with  it  oi  the  iaciai  vein  or  of  Ihe 
lingiio-facial  tnink.  In  man,  however.  a  ne«-  connection  of  the  facial  wi(li  Ihe  Jntemal  jiiKukr 
occurs,  w'hereby  the  iniportnnce  of  the  extemal  jugutar  becomes  ri-tUiccd,  and  its  variation 
in  size  is  largol^  depenileiit  upon  the  txtent  lo  which  the  original  direct 
the  facial  with  it  is  reuiined. 


emal  |ajrnlar  Ii« 


Practica)  Considerations.— The  line  of  the  estemal  jugular  vein  is  from  the 
angle  of  tlie  ja«  lo  the  centre  nf  the  clavicle.  Backwar<J  prossure  made  about 
an  inch  above  ihc  latter  point  will  cause  the  vein  to  bccome  visible  throuirh- 
out  its  lenjjth.  Fnr  that  rcason  it  »as  at  one  tirne  selected  Enr  phlebotomv  in 
conpestions  or  inftiimmations  about  the  face  and  neck,  The  vein  is  iu  the 
superiicial  bscia  iintl  therciore  courses  over  the  sterno-mastnid  muscle.  In  ali 
operations  on  the  side  ol  the  neck  its  size  and  its  course  should  be  borne  in  mind. 
56 
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Tributaries. — The  tributaries  of  the  external  jugular  are  (i)  the  iemporo- 
fnaxillary,  (2)  the  posterior  auricular^  (3)  the  poste rior  extemal  jugular,  (4)  the 
suprascapular^  and  (5)  the  anterior  jugular  veitu  It  may  also  receive  the  occipital 
vein  (page  859). 

I.  The  Temporo-Maxillary  Vein. — The  temporo-maxillary  vein  (v.  Cacialis 
posterior)  (Fig.  753)  is  formed  in  the  substance  of  the  parotid  gland  by  the  union  of  the 
temporal  and  internal  maxillary  veins.  It  passes  directly  downward,  and  at  about  the 
angle  of  the  jaw  unites  with  the  posterior  auricular  vein  to  form  the  external  jugular. 

The  temporal  vein  accompanies  the  temporal  artery  and  is  formed  just  above 
the  zygoma  by  the  union  of  the  superficial  and  middle  temporal  veins.  The  super- 
licial  temporal  vein  (v.  temporalis  superticialis)  (Fig.  759)  is  formed  by  the 
union  of  an  anterior  and  a  posterior  branch,  which  take  their  origin  in  a  plexus 
covering  the  greater  portion  of  the  skull-cap  and  commumcate  anteriorly  with 
branches  of  the  frontal  vein  and  posteriorly  with  the  posterilor  auricular  and  occipital 
veins.  The  middle  temporal  (v.  temporalis  medla)  arises  irom  a  plexus  which 
lies  upon  the  outer  surface  of  the  temporal  muscle,  beneath  the  temporal  fascia  and 
above  the  zygoma.  Branches  of  the  plexus  pierce  the  temporal  feiscia  near  the 
external  angle  of  the  eye  and  communicate  with  branches  of  the  fadal  and  lachr>'mal 
nerves,  while  other  branches  pass  deeply  into  the  substance  of  the  temporal  muscle 
and  anastomose  with  the  deep  temporal  veins.  The  middle  temporal,  from  its  origin 
in  the  plexus,  passes  backward  parallel  with  the  upper  border  of  the  zygoma, 
perforates  the  temporal  fascia,  and  joins  with  the  superficial  temporal  vein. 

Tributaries. — The  temporal  vein  receives  the  following  tributaries.  (a)  The  anterior 
auricular  veins  {\s,  auHculares  anteriores)  are  four  or  five  small  vessels  which  come  fTX>m  the 
anterior  suriace  of  the  pinna.  {b)  The  posterior  parotid  veins  (vv.  imrotideae  posteriores),  small 
branches  which  drain  the  parotid  gland,  communicating  with  the  anterior  parotid  branches  of 
the  facial.  (r)  The  articular  veins  (vv.  articulares  mandibulae),  several  in  number,  arise  in  a  rich 
plexus  which  surrounds  the  synovial  membrane  of  the  temporo-mandibular  articulation. 
This  plexus  receives  tympanic  branches  (vv  tym|Miiiicae),  which  accompany  the  t>'mpanic 
artery  through  the  Glaserian  fissure.  and  communicates  anteriorly  with  the  pter>'goid  p1exiis. 
(£/)  The  transverse  facial  vein  (v.  transversa  faciei)  which  accompanies  the  arter>'  of  the 
same  name. 

The  internal  maxillary  vein  (v.  maxillaris  interna)  (Fig.  760)  appears 
sometimes  as  a  distinct  vessel  accompanying  the  internal  maxillary  arter}'  and 
receiving  as  tributaries  veins  corresponding  to  the  arterial  branches.  In  other  cases 
it  is  represented  by  a  plexus  of  veins,  frequently  exceedingly  dense,  occupying  the 
pterygoid  fossa  and  communicating  anteriorly  with  the  facial  vein  and  posteriorly 
with  the  temporo-maxillary.  This  pterygoid  plexus  (plexus  pter}*goideas )  (Fig. 
760)  is  embedded  in  the  adipose  tissue  which  occupies  the  pterygoid  fossa  and 
consists  of  two  portions,  one  situated  upon  the  outer  surface  of  the  "extemal 
pterygoid  muscle  and  the  other  between  the  two  pterygoids,  this  latter  plexus 
being  somewhat  more  extensive  than  the  other,  \vith  which  it  is  united  by  branches 
passing  through,  above,  and  beneath  the  extemal  pterygoid  muscle.  It  is  also 
continucd  foru-ard  as  a  fine  plexus  surrounding  the  infra-orbital  nerve,  and  that 
portion  which  rests  upon  the  tuberosity  of  the  maxilla  is  occasionally  more  or  less 
distinct  from  the  remainder,  and  has  been  termcd  the  ple.vus  alveolaris. 

The  pterygoid  plcxus  communicates  \vith  the  facial  vein  through  the  deep 
facial  or  anterior  internal  maxillary  vein,  with  the  pharvngeal  plexus,  and  \vith  the 
articular  plexus  of  the  temporo-mandibular  articulation.  It  further  receives  the 
emissary  veins  from  the  cavernous  plexus  \vhich  traverse  the  foramen  ovale,  the  fora- 
men  of  Vesalius,  and  the  foramen  lacemm  mediuni,  and  also  a  branch  from  the 
inferior  ophthalmic  vein  \vhich  passes  through  ihe  spheno-maxillary  fissure. 

Tributaries. — The  tributaries  of  the  internal  niaxillar>'  vein  or  the  pter>'goid  p1exus  mav  bc 
clesrrilH-d  as  follous. 

(  a  )  The  spheno-palatine  vein  has  ils  orij^in  in  ihe  rich  venous  plexus  uhich  underlies  the 
niiiooiis  membrane  of  the  nasal  cavilv  and  uilh  \vhich  the  ethmoidal  veins  also  communicate. 
ll  traverses  the  spheno-palatine  foramen  \vith  the  arterv  of  the  same  name,  and  is  joined  by  the 
Vidian,  pterygo-palatin€ ,  and  supcrior  palatiuc  veins,  ali  small  vessels  whose  orij^n  is  indicated 
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bf  their  names.  It  ihen  passc-s  beiween  Ihe  t*o  heads  of  the  exlcmal  ptt;rygoid  musclc  and 
Opens  into  the  pterjgoid  p1exus  ur  inio  thc  intemal  niaxitlar}'  vein. 

{6}  The  superior  dental  veinB open  into  tht  infr<i-orbi tal  aiidalv(K)larpunioa<iof  thep1exus. 

((-)  MuBCular  veln*  from  the  ma-sseler.  huccal.  and  pterygoid  muscies. 

{d)  The  deep  temporal  veins  (vv.  temporalts  profuadae)  desc<.'iid  from  ihe  substance  of  the 
temporal  muscie,  where  they  anoNtoniose  with  ihe  s(i|H;r1icial  teniix>rals,  l>etween  the  niuscie 
and  the  bone. 

(r)  The  middle  meningeal  veins  {vv.  lataiagicat  ictdlai)  ncciimpanv  the  main  stem  and 
braiKhesof  theniidd1enieningea1art(;r)'asveniecuniilesand  retumthfliloodfrum  the  dura  mater 
lining  the sides and  vertex  of  the  cranium.     Ljing  in  ihe  substance  of  the  dura  mater,  these  veins 


Fig.  760. 


rcsenible  thi-  sirnises 

the  dura.  \vitli  ih*-  ■ii 

Ihe  sii|>t-riin:il  SvK  i; 

i/)  Thr,nferi< 


1  lliiir  sinulnrc,  and  thcv  ciiintniiiiiciiti-  «ilh  Iht-  hlood-laki-s  irf 
iilln^il,  spliiMi i-pariflal  and  |tt'trc>-si|uam(>sii1  siniises.  and  »ith 
\  iipiii  Uliviv  inio  the  deepiT  iy)rtioii  of  ihr  pter>-j;oid  p1cxus. 
jiillous  Ihr  onirse  iif  Iht- in  le  rior  dental  arterj-.  openinf;  above 
li  I  hi-  |>lexus. 


2.  The  Postcrior  AuricularVein.- 
postcriiir  )  aristh  (nun  a  ]>lexiis  sitiiatcd  nve 
and  cutnmunic.iliii^  uith  bninchcs  of  the  1 


-The  postcrior  aiiriciilar  \  ciTi  ( v.  auricnlaris 
the  mastiiid  [Mirtioii  of  thu  temporal  bone 
Lxipital  aml  teinjionil  veins.      It  descends 
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plexus  (page  873)  and  the  ophthalmic  vein  (page  879),  ali  these  making  connections 
with  the  sinuses,  on  the  one  hand,  and  with  extracranial  veins,  on  the  other.  It  is 
customary,  however,  to  limit  the  term  to  certain  veins  which,  for  the  most  part, 
traverse  special  foramina  in  the  cranial  walls,  a  few,  however,  passing  through 
foramina  whose  principal  content  is  one  of  the  cranial  nerves. 

1.  The parietal  emi88ary  vein  (emissarium  imrietale),  rather  variable  in  sLze,  traverses  the  cor- 
respondingly  variable  parietal  foramen,  placing  the  superior  longitudinal  sinus  in  communication 
with  the  veins  of  the  scalp. 

2.  The  occipital  emi88ary  vein  (emissarium  occipitale)  traverses  the  occipital  protuberance 
and  places  the  torcular  Herophili  or  one  or  the  other  of  the  lateral  sinuses  in  communication  with 
the  occipital  veins.  Its  size  is  variable  ;  it  usually  receives  the  occipital  diploic  vein,  and  may 
perforate  only  the  extemal  or  the  intemal  table  of  the  occipital  bone,  representing  in  such  cases 
the  terminal  portion  of  the  diploic  vein  rather  than  a  true  emissar>'. 

3.  The  mastoid  emi88ary  vein  ( emissarium  mastoideum )  passes  through  the  mastoid  foramen 
and  places  tlie  lateral  sinus  in  communication  with  either  the  occipital  or  the  posterior  auricular 
veins.  It  is  occasionally  wanting,  and,  on  the  other  hand,  may  l)e  so  large  as  to  appear  to  be 
the  continuation  of  the  lateral  sinus,  the  terminal  portion  of  that  vessel  between  the  mastoid  and 
jugular  foramina  being  greatly  reduced  in  size. 

4.  The  postenor  condyloid  emi88ary  vein  (emissarium  condyloideum)  is  very  inconstant,  and 
when  present  traverses  the  posterior  condyloid  foramen.  extending  l)etween  the  lateral  sinus  near 
its  termination  and  ihe  vertebral  veins. 

5.  The  anterior  condyloid  emi88ary  vein  ( rete  ca  na  lis  hypoglossi )  is  a  net-work  which  .sur- 
rounds  the  hy|X)glossal  nerve  in  ils  course  through  tlu?  anterior  condyloid  foramen.  Krom  the 
plexus  two  veins  arise,  one  of  which  passes  to  the  inferior  i)etrosal  sinus  and  the  other  to  the 
vertebral  veins. 

6.  The  emissaries  of  the  foramen  ovale  (  reie  foraminis ovalis )  are  formed by  two  veins  uhich 
communicate  alx>ve  \vith  the  cavemt)us  sinus  and  pass  to  the  foramen  ovale.  where  ihev  fomi  a 
plexus  surrounding  the  mandibular  division  of  the  trigeminal  nerve  and  communicate  uith  the 
pterygoid  plexus  of  veins.  Occasionally,  also,  a  similar  plexus  accompanies  the  maxinar>-  division 
of  the  trigeminus  through  the  foramen  rotundum. 

7.  The  eniissary  vein  of  the  foramen  of  Vesalius  is,  like  the  foramen,  inconstant,  occurring 
only  alK>ut  once  in  three  cases.  It  extends  betvveen  the  cavemous  sinus  and  the  pterjgoki 
plexus  t)f  veins. 

8.  Finally,  a  variable  number  of  small  veins  pass  through  the  connective  tissue  uhich 
closes  the  foramen  lacerum  medium  and  plače  the  cavemous  sinus  in  communication  with  the 
pterygoid  plexus. 

Practical  Considerations. — The  relations  of  the  emissarv  veins  explain  manv 
cases  of  spread  of  extra-cranial  infection  to  the  meninges  and  the  sinuses.  If  ihere 
were  no  emissarv  veins,  injuries  and  diseases  of  the  scalp  and  skiill  would  lose 
half  their  seriousncss  (Treves).  Infected  wounds  of  the  scalp,  cellulitis  or  ervsipelas 
involving  that  structure,  osteomyelitis,  or  necrosis  of  the  cranial  bones  niay  through 
the  emissar\'  veins  result  in  serious  intra- cranial  disease.  The  largest  of  these  veins 
is  usuallv  the  mastoid,  the  communication  bet\veen  the  lateral  sinus  and  the  occipital 
or  posterior  auricular  vein  {vide  supra).  This  relation  and  the  considcrable  quan- 
titv  of  blood  carried  by  the  mastoid  vein  are  thought  to  explain  the  supposed  effect 
of  leeches  or  blisters  applied  bchind  the  car  in  cerebral  hypera*mia  or  inflammation, 
especially  as  nearlv  ali  the  blood  of  the  brain  leaves  it  through  the  lateral  sinuses. 
They  also  explain  the  extensive  crdema  behind  the  ear  and  aroimd  the  mastoid 
region  often  seen  in  lateral  sinus  thrombosis.  Pus  bas  formed  in  the  cerebellar 
fossii  outside  of  the  sigmoid  sinus,  made  its  exit  through  the  mastoid  foramen  and 
appeared  as  an  occipito-cervical  ai)scess  (Erichsen).  The  escape  of  pus  by  the 
mastoid  foramen  indicates  extradural  pus  in  the  cerebellar  fossa  about  the  sigmoid 
groove,  with  the  probability  that  sigmoid  sinus  thrombosis  exists,  especially  if  the 
mastoid  vein  is  itself  thrc)nilx)sed  (Maccuen). 

In  supi)urative  sigmoid  sinus  disease  the  posterior  condvloid  vein  niay  convev 
infection  to  the  cellular  tissue  in  the  upp<*r  part  of  the  posterior  cervical  triangle, 
causing  al^scess  l>ene.ith  the  decp  fascia  :  or,  as  a  result  of  cereliellar  pachymen- 
ingitis,  there  may  be  phlebitis  of  this  vein,  \vith  marked  tendemess  in  the  same 
region.  The  emissary  veins  are  important  agents  in  the  equalization  of  intra -cranial 
pressure. 
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The  Cerebral  Veins. 

The  cerebral  veins  (vv.  cerebri)  convey  the  blood  carried  to  the  brain  by 
the  cerebral  arteries  to  the  sinuses  of  the  dura  mater.  They  differ  from  most 
of  the  other  veins  in  that  they  contain  no  valves,  their  walls  are  very  thin  and 
destitute  of  muscle-tissue,  and  their  arrangement  does  not  usually  follow  that  of  the 
arteries. 

1.  The  Superior  Cerebral  Veins. — The  superior  cerebral  veins  ( vv.  cerebri 
snperiores)  are  from  eight  to  twelve  in  number,  draining  the  upper,  lateral  and  medial 
surfaces  of  the  cerebral  hemispheres.  They  follow,  for  the  most  part,  the  sulci  of  the 
hemispheres,  although  connected  across  the  gyri  by  numerous  anastomoses,  and  they 
open  above  into  the  superior  longitudinal  sinus.  The  various  veins  show  a  tendency 
to  increase  in  size  from  before  backward,  and  while  the  anterior  ones  ha  ve  a  course 
almost  at  right  angles  to  the  superior  longitudinal  sinus,  the  more  posterior  ones  are 
directed  fonvard  as  well  as  upward  and  open  obliquely  into  the  sinus  and  in  a  direc- 
tion  contrary  to  the  flow  of  the  blood  contained  within  it. 

2.  The  Middle  Cerebral  Vein. — The  middle  cerebral  vein  (v.  cerebri  media), 
also  termed  the  superficial  Sylvian  vein,  lies  superficially  along  the  line  of  the  Sylvian 
fissure  and  opens  belovv  into  either  the  cavernous  or  the  spheno-parietal  sinus.  It 
receives  affluents  from  the  surface  of  the  brain  on  either  side  of  the  fissure  and  through 
these  anastomoses  with  both  the  superior  and  inferior  cerebral  veins.  One  of  these 
affluents  which  lies  approximately  along  the  line  of  the  fissure  of  Rolando  is  usually 
of  large  size  and  communicates  directiy  with  one  of  the  superior  cerebral  veins,  the 
two  forming  what  is  known  as  the  great  anastomotic  vein  of  Trolard,  uniting  the 
suj>erior  longitudinal  sinus  with  the  median  cerebral  vein. 

3.  The  Inferior  Cerebral  Veins. — The  inferior  cerebral  veins  (\t.  cerebri 
inferiores)  are  a  number  of  small  veins  which  occupv  the  inferior  surfaces  of  the  hemi- 
spheres. They  are  some\vhat  irregular  in  their  arrangement,  those  of  the  frontal 
lobes  anastomosing  \vith  the  superior  cerebrals  and  opening  into  the  anterior  portion 
of  the  superior  longitudinal  sinus,  \vhile  those  of  the  temporo-sphenoidal  region 
anastomose  with  the  middle  cerebral  and  open  into  the  spheno-parietal,  cavernous  and 
superior  p>etrosal  sinuses  and  into  the  basilar  vein. 

4.  The  Great  Cerebral  Vein. — The  great  cerebral  vein  ( v.  cerebri  majhna), 
also  known  as  \}[i^  great  vein  of  Ga/en,  is  a  short  stem  about  i  cm.  in  length  which 
is  formed  beneath  the  splenium  of  the  corpus  callosum  in  ihe  nt-ighborhood  of  the 
pineal  bodv,  by.  the  union  of  ihe  tw(>  internal  cerebral  vt*ins.  It  passes  backward 
and  upvvard,  curving  around  the  posterior  extremity  of  the  corpus  callosum,  and 
terminates  (Fig.  756)  by  opening  into  the  anterior  end  of  the  straight  sinus. 

Tributaries. — The  gjeat  cerebral  vein  is  formed  by  the  unioii  of  ihe  two  [a)  internal  cerebral 
veins  (vv.  cerebri  interns),  also  knoun  as  the  small  veins  of  Galen.  These  are  sitiiated,  one  on 
either  side  of  the  median  line,  in  the  veluni  interposituni.  \vhirh  foniis  the  roof  of  the  third 
ventricle.  Kiich  is  formed  at  the  foramen  of  Monro  l)y  the  union  of  three  veins,  the  choroid  vein, 
the  vein  of  the  septum  lucidum,  and  the  vein  of  the  corpus  striatuni.  The  choroid  vein  (v.  cbori- 
oidea)  seems  to  l>e  the  direct  continuation  of  the  internal  cerebral  vem.  It  l^e^ns  at  the  junc- 
tion  of  the  lx)dy  and  descendin>j  hom  of  the  lateral  ventricle.  passes  ft)ru'ard  along  the  floor  of 
the  ventricle  in  the  ouler  edj;e  of  the  choroid  plexus,  and  ojhmis  at  the  foramen  of  >fonro  into  the 
internal  cerebral  vein  of  its  side.  The  vein  of  the  septum  lucidum  (v.  aepti  pellucidi)  passes 
backward  along  the  outer  ( ventricular^  surface  of  the  septum  lucidum,  retuming  the  bUnKl  from 
the  head  of  the  caudate  nucleus  and  neighlx)rinv:  parts,  and  the  vein  of  the  corpus  striatum  (%'. 
terminalis),  which  drains  the  lenticular  nucleus  and  to  a  certain  extent  the  caudate  nucleus  also, 
passes  backward  in  the  groove  l)el\veen  the  cor|>ns  striatum  and  the  optic  thalamus  (stria  termi- 
nalis). 

(^)  The  posterior  vein  of  the  corpus  callosum  passes  backward  from  about  the  middle  of 
the  superior  surface  of  the  corpus  callosum  and.  lx.-nding  around  the  splenium,  empties  into  the 
jfreat  cerebral  vein  or  into  the  intenial  cerebral  vein  near  its  lermination.  It  receives  blcKKl 
from  the  cor])us  callosum  and  fnmi  the  median  surface  of  the  hemisphere. 

(r)  The  basilar  vein  (v.  bnMiis)  is  a  large  paired  vein  which  arises  at  the  anterior  |^r- 
forated  space  by  the  junction  of  the  deep  Sylvian  vein  with  the  anterior  vein  of  the  corpus  cal- 
losum. It  passes  backuard  over  the  optic  tract  of  its  side  and  then  cur\'es  upuard  around  the 
crus  cerebri  to  reach  the  dorsal  surface  of  the  brain-stem.  uhere  it  o|X'ns  into  either  the  gjeat  or 
the  internal  cerebral  vein.     Occasionally  the  terminal  portion  uhich  bends  upward  around  the 
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crus  is  lacking,  the  vein  then  eniptying  into  the  cavernous  sinus.  The  dccp  Sylvuui  vcin,  uhkrh 
is  its  main  steni  of  origin,  begins  in  a  nuinber  of  vessels  uhich  raniify  over  the  surface  of  the 
insula  (island  of  Reil)  and  passes  downward  and  fonvard  at  the  bottom  of  the  Sylvian  fissure  to 
become  continuous  with  the  basilar  at  the  anterior  jjerforated  space.  Occasionally  it  unites 
wilh  the  louer  |X)rtion  of  the  middle  cerebral  vein  or  opens  uith  it  into  the  spheno-parieUl 
sinus.  The  anterior  vcin  of  the  corpus  callosum  corresponds  to  tlie  anterior  cerebellar  arter>*. 
sometinies  termed  the  anterior  centra!  vein  ;  it  arises  on  the  anterior  part  of  the  upp>er  surface 
of  the  corpus  callosum  and  lxinds  dounuard  around  the  genu  to  unite  with  the  deep  Sylvian 
vein  at  the  anterior  i)erforated  space. 

The  basilar  vein  drains  aH  the  central  part  of  the  b«ise  of  the  brain,  and,  in  addition  to  the 
lwo  veins  which  are  regarded  as  its  stenis  of  origin,  it  receives  branches  from  the  optic  tract, 
the  olfactory  bulb,  the  anterior  perforaled  space,  the  tul)er  cinereum,  the  corpora  mammillaria, 
and  the  poslerior  i>erforated  space,  and  it  furthermore  receives  a  vein  from  the  superior  vemiis 
of  the  cerebellum.  The  veins  of  the  anterior  |Xirforated  space  are  from  ten  to  fifteen  in  number 
and  have  iheir  origin  in  the  nuclei  of  the  corpus  striatum  and  in  the  intemal  capsule,  while  those 
of  the  posterior  perforated  space  drain  the  optic  thalami. 

Practical  Considerations. — The  free  communication  of  the  thin-walled 
valveless  cerebral  veins  vvith  one  another  is  one  of  the  agents  for  the  equalization  of 
intracranial  venous  pressure.  An  anastomotic  trunk  unites  the  middle  cerebral  vein 
vvith  the  posterior  cerebral,  thus  permitting  the  pas.sage  of  venous  blood  by  means 
of  the  anterior  basilar  vein  into  the  sinuses  about  the  foramen  magnum.  Relief  from 
excessive  intracranial  blood -pressure  niay,  in  addition,  be  efifected  by  the  escape  of 
blood  from  within  the  cranium  (^7)  in  the  occipital  region  through  the  internal 
jugular  and  mastoid  vein  ;  [b)  in  the  frontal  region  through  the  ophthalmic  vein 
and  the  vein  traversing  the  foramen  ovale  ;  {c)  in  the  basal  region  through  the 
petrosal  sinuses  and  the  posterior  condyloid  vein  ;  and  {d)  ^i  the  vertex  through  the 
diploic  veins  and  the  venules  penetrating  the  outer  table  of  the  cranium  to  join  those 
of  the  scalp  (Allen). 

The  avoidance  of  sudden  depletion  of  the  intracranial  venous  channels  through 
the  inspiratory  emptving  of  the  large  extracranial  veins  is  admirably  provided  for 
and  the  mechanism  should  be  understood,  as  it  has  practical  relation  to  many  phe- 
nomena  of  cerebral  ana-mia  and  hvperaemia,  to  shock  and  syncope  and  concussion, 
to  sinus  thrombosis,  and  to  niany  other  intracranial  conditions.  The  chief  factors 
in  equalizing  the  fiow  in  the  sinuses — and  thus  practically  throughout  the  brain — 
may  be  briefly  summarized  as  folknvs  : 

(a)  The  oblique  entrance  into  the  longitudinal  sinus  of  its  tributaries — the 
larger  middle  and  posterior  cerebral  veins — pouring  their  blood  into  it  against  the 
stream  ;  (^)  the  division  of  the  sinus  at  the  Torcular  Herophili  into  two  trunks 
diverging  at  right  angles  ;  ( r)  the  course  of  the  blood-current  in  the  lateral  sinus — 
first  horizontal,  vvith  a  convexity  outvvard  ;  then — in  the  first  part  of  the  sigmoid — 
vertical  ;  then  horizontal,  vvith  a  convexity  dovvnvvard,  and  then  a  quick  upv%'ard  and 
outvvard  turn,  vvith  narrovving  of  its  calibre  before  entering  the  jugular  fossa  ;  (d) 
the  v\idening  of  the  upper  part  of  this  fossa — vvhich  is  above  the  outlet  of  the  sig- 
moid— and  the  narrov\'ing  of  its  exit  (Macevven).  Were  it  not  for  these  and  other 
subsidiary  anatomical  arrangements  contributing  to  the  same  end,  the  effect  of  a 
deep  inspiration  on  the  cervical  veins  (page  863)  vvould  be  so  to  aspirate  the  venous 
channels  of  the  brain  as  to  cause  faintness  or  momentary  unconsciousness. 

The  cerebral  veins  are  so  delicate  that  in  operations  upon  the  brain  it  b  often 
better  to  arrest  bleeding  by  gauze-pressure  than  to  attempt  to  seize  and  tie  separate 
vessels. 

5.  The  Cerebellar  Veins. — The  cerebellar  veins  form  a  net-work  over  the 
surface  of  the  cerebellum,  the  course  of  the  larger  stems  being,  for  the  most  part,  at 
right  angles  to  that  of  the  f()lia\ 

The  superior  cerebellar  veins  ( vv.  cerebelli  superiores)  open  in  part  laterally 
into  the  lateral  and  superior  j)etrosiil  sinuses,  vvhile  others  pass  medially  and  unite  to 
form  a  superior  median  cerebellar  vcin,  vvhich  passes  fonvard  and  downward  along 
the  sui)eri()r  vermis  and  opens  either  into  the  great  cerebral  vein  or  the  terminal 
portion  of  the  basilar  vein. 
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The  infcrior  ccrcbellar  veins  (vv.  cerebelli  inferiores),  somcvvhat  larger  than 
the  superior,  pass  in  part  fonvard  and  out\vard  to  open  into  the  lateral  or  superior 
petrosal  sinuses,  and  in  part  backward  to  unite  \vith  the  occipital  sinus. 

The  Ophthalmic  Veins. 

The  ophthalmic  veins  take  their  origin  froni  the  contents  of  the  orbit  and  pass  from 
before  backward,  uniting  to  form  two  principal  trunks,  a  large  superior  and  a  smaller 
inferior  ophthalmic  vein,  vvhich  open  at  the  sphenoidal  tissure  into  the  anterior 
extremity  of  the  cavernous  sinus.  At  the  margin  of  the  orbit  both  veins  form 
important  connections  \vith  the  angular  vein,  and,  since  no  val  ves  occur  in  any  of 
the  branches  of  the  ophthalmic  veins,  they  form  important  emissaries  connecting 
the  cavernous  sinus  with  the  facial  vein. 

1.  The  Superior  Ophthalmic  Vein. — The  superior  ophthalmic  vein  ( v.  oph- 
thalmica  superior)  (Fig.  757)  is  fomied  at  the  inner  angle  of  the  orbit  by  the  fusion  of 
usually  two  vessels  which  come  from  the  supra-orbital  and  angular  \eins  and  pass 
respectively  above  and  belo\v  the  pulley  of  the  superior  oblique  nuiscle  of  the  eye 
and  unite  a  short  distance  posterior  to  that  structure.  The  anterior  portion  of  the 
superior  ophthalmic  vein  so  formed  is  sometimes  termed  the  2'.  naso-frontalis,  and  in 
its  further  course  it  is  directed  someuhat  tortuouslv,  at  first  oblicjuelv  back\vard  and 
outward,  passing  across  the  optic  nerve  and  beneath  the  superior  rectus  muscle, 
and  then  more  directly  backward  to  the  sphenoidal  tissure. 

Tributaries. — The  superior  ophthalmic  receives  nunierous  tributaries  from  botli  the  eyeba!l 
and  the  other  contents  of  the  orbit,  most  of  the  branches  from  the  latter  sources  corresjx)nding 
to  branches  of  the  ophthalmic  arter>*.  Thus  it  receives  (  a )  the  anterior  and  ( b )  the  posterior 
ethmoidal  veins  (vv.  ethmoidales  anterior  et  posterior)  uhich  retum  hloocl  from  the  sphenoidal 
sinus  and  the  superior  meatiis  and  turbinate  bone  of  the  noše,  comnnmicatinj:  \vith  the  other 
veins  of  the  nasal  cavity  and  entering  the  orbit  by  the  ethnKMclal  foramina  ;  (r)  the  lachrjrmal 
vein  (v.  lacrimalis),  a  vein  of  considerable  size  arisinj^  in  tlie  lachrvnial  gland  and  accompanvinjj: 
the  arter>'of  the  siime  name  ;  and  yd  )  muscular  veins  ( vv.  musculares)  uhich  retum  the  blood 
from  the  levator  palpebra;  superioris,  the  superior  and  inlernal  recti,  and  the  su|Xfrior  obHque,  the 
veins  from  the  t)ther  muscles  of  the  orbit  usuallv  o|>eninj^  into  the  inferi<^r  ophthalmic  vein. 

From  the  eveball  it  receives  (<•)  the  t\vo  superior  ven«  vorticoss.  These  veins  retum  the 
blood  from  the  choroid  coat,  the  ciliar>'  body,  and  the  iris,  and  are  foiir  in  nimil>er,  each  having 
its  origin  from  a  rich  plexus  \vhich  occupies  one  of  the  four  quadrants  of  the  choroid,  the  prin- 
cipal stems  of  the  ple.\us  radiating  from  ali  directions  towards  the  central  i>oint  of  its  quadrant. 
Here  they  unite  to  form  a  sinjjle  trunk  \vhich  piercc*s  the  sclera  (»blitjueb'  at  alKnit  the  ecjuator 
of  the  eyeban,  the  veins  from  the  two  superior  quadrants  emptvinjj  into  the  superior  ophthalmic, 
while  the  two  from  the  inferior  (]uadrants  connect  \vith  the  inferior  ophthalmic.  Occasionally 
fi\'ft  or  six  venae  vorticosa?  exist,  and  they  open  sometimes  into  the  muscular  veins  instead  of 
directly  into  the  ophthalmic  stems.  (/)  The  anterior  ciliary  veins  (vv.  ciliares  anteriores)  are 
very  slender  veins  \vhich  leave  the  eyeban  at  the  [K)ints  where  the  recti  muscles  are  inserted 
into  the  sclerotic  ;  two  or  three  veins  are  associated  \vith  each  muscie-tendon  and  open  into  the 
muscular  veins.  {g^  The  posterior  ciliary  veins  (vv,  dliares  posteriores)  accompany  the  poste- 
rior or  short  ciliary  arteries.  The  territor>'  supplic^l  l)y  the  arteries  is.  however,  drained  by  the 
venae  vorticosa;,  and  the  posterior  ciliar\'  veins,  which  are  ver\'  small.  take  their  orijrin  onIy  from 
the  posterior  portion  of  the  sclerotic  and  from  the  sheath  of  the  optic  nerve.  (A)  The  vena  cen- 
tralis  retins  is  a  sinjjle  stein  uhich  accompanies  the  corresix)ndin^  arter>'  through  the  centre  of  the 
optic  nerve,  and  has  its  orig^in  in  l>ranches  uhich  ramifv  over  the  surface  of  the  retina.  The  vein 
leaves  the  optic  nerve  usually  lx.-ft)re  the  artery  and  opens  either  into  the  superior  ophthalmic 
vein  or,  more  frequent!y,  clirectly  into  the  cavemous  sinus. 

2.  The  Inferior  Ophthalmic  Vein. — The  inferior  ophthalmic  vein  (v.  oph- 
thalmica  inferior)  (  F^ig.  757)  takc»s  its  origin  from  a  net-vvork  of  small  veins  situated 
on  the  inner  portion  of  the  fioor  of  the  orbit  near  its  border.  This  i)lcxus  communi- 
cates  with  the  facial  vein  and  is  continued  lxickvvard  touards  the  fundus  of  the  orbit, 
more  frequently  as  a  coarse  net-\vork  than  as  a  definite  stem.  The  vein,  when  it 
^sts,  or  the  net-work.  anastomoses  with  branches  of  the  superior  ophthalmic. 

Tributaries. —  Ka\  Muscular  branches  from  the  inferior  and  extemal  recti  and  the  inferior 
obliciue  muscles  and  (A»  the  inferior  ven«  vorticoss  from  the  louer  half  of  the  eyeball. 
It  opens  |>osteriorly  either  ilirectlv  into  the  cavemous  sinus  or  eise  unites  with  the  superior 
ophthalmic  vein. 
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Anastomoses  of  the  Ophthalmic  Veins. — The  ophthalmic  veins  are  throughout  destitute 
of  val  ves  and  op>en  posteriorly  inlo  the  cavernous  sinus,  and,  since  they  also  communicate  wiih 
peripheral  veins,  they  may  well  be  regarded  as  emissary  channels  through  which  the  blood  may 
flow  either  from  the  cavernous  sinus  lo  the  peripheral  veins  or  in  the  reverse  direction,  as  may 
be  determined  by  the  relative  pressure  within  and  vvithout  the  cranium.  The  principal  connec- 
tions  which  the  veins  make  are  (i)  uith  the  facial  vein,  which  is  itself  practically  devoid  ol 
valves,  through  their  branches  of  origin  ;  ( 2 )  vvith  the  veins  of  the  nasal  cavity  through  the  eth- 
moidal  branches  ;  and  (3)  with  the  pterygoid  plexus  by  means  of  a  branch  of  the  inferior  ophthal- 
mic which  passes  dounvvard  through  the  spheno-maxillary  fissure. 

Practical  Considerations. — The  communication  between  the  superior 
ophthalmic  vein — the  largest  channel  in  the  adult  between  the  vessels  of  the  venous 
system  of  the  head  and  face  and  the  sinuses  of  the  dura  mater — and  the  facial  vein, 
while  adding  to  the  danger  of  intracranial  complications  as  a  result  of  infectious  disease 
situated  upon  the  face  (page  873),  aflfords  relief  to  intraocular  tension  in  cases  ot 
pressure  upon  the  cavernous  sinus,  as  from  an  inflammatory  exudate  or  an  intra> 
orbital  or  intracranial  growth.  Such  relief  delays  the  appearance  of  *  *  choked  disc'  * 
(page  147 i),  due  to  the  distension  of  the  tributaries  of  the  vein,  especially  the  poste- 
rior  ciliary  veins  and  the  vena  centralis  retinae.  In  arterio-venous  aneurism  of  the 
cavernous  sinus  and  internal  carotid  artery — due  to  basal  cranial  fracture,  a  bullet- 
or  stab-wound,  or  to  idiopathic  vascular  degeneration — the  ophthalmic  veins  are 
usually  compressed  and  may  transmit  pulsation  from  the  sinus  to  the  dilated  veins 
of  the  eyelids  and  of  the  frontal  region.  The  conjunctivse  are  congested.  Exoph- 
thalmos  (page  1439),  bruit  and  thrill  are  not  uncommonly  present  as  a  result  of 
invoivement  of  the  intraorbital  veins.  Nervous  symptoms — noise  in  the  head, 
intracranial  or  frontal  pain  and  paralyses — are  rarely  absent. 

These  symptoms  may  be  simulated  by  those  caused  by  traumatic  aneurism  of 
an  orbital  artery  or  by  the  direct  pressure  of  an  interna!  carotid  aneurism  on  the 
ophthalmic  vein  as  it  empties  into  the  sinus. 

The  Extkrnal  Ju(;ular  Vein. 

The  external  jugular  vein  ( v.  juKularis  extcma)  (Fig.  759),  notuithstanding  its 
usual  connection  \vith  the  suhclavian,  is  closely  related  both  in  its  development  and 
topographical  relations  with  the  internal  jugular,  and  may  be  most  conveniently  con- 
sidered  here.  It  is  formed  in  the  neighborhood  of  the  angle  of  the  mandible  by  the 
union  of  the  tcmporo-maxillary  and  posterior  auricular  veins,  and  courses  downv^'ard 
immediately  below  the  platysma,  crossing  the  sterno-cleido-mastoid  muscle  obliquely. 
In  the  lower  part  of  the  neck  it  pierccs  the  superficial  Iayer  of  the  deep  cer\ical 
fascia,  sometimes  above  and  sometimes  bel(>\v  the  posterior  belly  of  the  omo-hyoid, 
and  opens  into  the  subclavian  vein  near  its  junction  with  the  internal  jugular.  A 
short  distance  below  its  origin  it  givcs  ofi  a  large  branch  which  passes  foru-ard  and 
dounvvard  to  communicate  vvith  the  facial  vein. 

At  its  entrance  into  the  subclavian  it  is  provided  vvith  a  pair  of  valves,  and  usually 
a  sccond  pair  occurs  at  about  the  middle  of  the  neck.  A  third  pair  is  occasionallv 
present  in  the  interval  betvveen  the  other  two,  and  aH  of  them  are  insufficient 
The  superficial  laver  of  the  deep  cervical  fascia  is  intimately  adherent  to  the  walls 
of  the  vein  at  the  i)oint  vvhere  the  latter  perforates  it,  and  sometimes  the  fascia 
is  especially  thick(»ned  immediately  belovv  and  to  the  inner  side  of  the  vein.  This 
attaciinient  of  the  fascia  j)revents  any  collapse  of  the  walls  of  the  lov*'er  part  of  the 
vein,  if  for  anv  reason  thcre  is  a  deficiencv  in  the  amount  of  blood  it  contains.  and 
predisposes,  therefore,  to  the  entrance  of  air  in  čase  the  vein  is  severed. 

Variations. — Considerable  diffcrences  of  opinion  exist  as  to  the  definition  of  the  extemal 
jugular  vein.  Some  authors  desc  riln-  it  as  formed  bv  the  union  of  the  posterior  auricular  and 
occipital  veins,  the  communirating  branch  described  above  as  occurring  betv^-een  it  and  the 
facial  ining  then  regarded  as  the  main  stem  of  the  temporo-niaxillary  ;  others,  apiin,  regard  it 
as  formed  by  the  union  of  the  tem|X)ral  and  maxillar>'  veins,  the  temporo-maxiliar>'  then  con- 
stituling  its  upfKT  portion. 

The  vein  is  su!)ject  to  considerable  variation  in  size,  an  inverse  correlation  existin^  betn-een 
it  and  the  anterior  jugular.  It  mav  even  l>e  entirely  vvanting  or,  on  the  other  hand.  it  mav  be 
doubie  throughout  a  |x>rtion  of  its  ccMirse.  It  occasionalh'  divides  belou',  one  branch  pasšing, 
as  usual,  to  the  subclavian,  \vhile  the  other.  passing  over  the  clavicular  attachment  of  thestenio- 
cleido-mastoid,  opens  into  either  the  anterior  or  the  internal  jugular. 
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In  coniiection  uith  ihc  abundaiu  Vitriation  sliouii 
interesting  tci  note  that  in  the  ni3Jority  of  mamnials  il 
surp^ing  the  intemal  ju^ilar  in  size.  It  is,  liowever. 
ana  its  later  importance  is  dui:  targe1y  to  the  iini»n 
ling^uo-facial  trunk.  In  inan,  however,  a  new  conncctio 
occurs,  whereby  the  inipurtance  of  Ihe  eslemal  jugula 


in  lliL-  sizL-  of  lile  t;xtemal  jugular  it  is 
s  the  niust  iiii|X)rtaiit  \'ein  uf  Itie  neck, 
of  laler  devtlopnient  than  the  Jatter, 
uith  it  of  the  fncial  vein  or  of  the 
1  of  the  facial  u'ith  the  intemal  ju^ular 
'  becomes  r«liiced,   and  its  variatiun 


Practical  Considerations. — The  line  of  the  external  jugular  vcin  is  from  the 
angie  of  the  ja«-  to  the  centre  of  the  clavicle.  Backwar(i  i>rcssurc  made  about 
an  inch  above  the  latter  point  will  cause  the  vein  to  bccomc  visible  throujjh- 
out  its  lenjrth.  For  that  rcason  it  was  at  one  tirne  sdectc-d  far  phlebotomv  in 
congestions  or  inflammations  about  the  facc  and  neck. 
siiperficial  fascia  and  thercfore  ■ 
operations  on  the  side  of  the  neck  i 


L-;toid   muscic.      In    ali 
size  and  its  course  should  be  bome  !□  mind. 
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Tributaries. — The  tributaries  of  the  external  jugular  are  (i)  the  iemporo- 
fnaxillaryy  (2)  \h^  posterior  auricu/ar^  (3)  \\iit  poster ior  extemal  jugular^  (4)  the 
suprascapular^  and  (5)  the  anterior  jugular  vein.  It  may  also  receive  the  occipital 
vein  (page  859). 

I.  The  Temporo-Maxillary  Vein. — The  temporo-maxillary  vein  (v.  facialis 
posterior)  (Fig.  753)  is  formed  in  the  substance  of  the  parotid  gland  by  the  union  of  the 
temporal  and  internal  maxillary  veins.  It  passes  directly  downward,  and  at  about  the 
angle  of  the  jaw  unites  with  the  posterior  auricular  vein  to  form  the  external  jugular. 

The  temporal  vein  accompanies  the  temporal  artery  and  is  formed  just  above 
the  zygoma  by  the  union  of  the  superficial  and  middle  temporal  veins.  The  super- 
licial  temporal  vein  (v.  temporalis  superticfailis)  <FJg.  759)  is  formed  by  the 
union  of  an  anterior  and  a  posterior  branch,  which  take  their  origin  in  a  plexus 
covering  the  greater  portion  of  the  skuU-cap  and  commuriicate  anteriorly  with 
branches  of  the  frontal  vein  and  posterioriy  with  the  posterfcr  auricular  and  occipital 
veins.  The  middle  temporal  (v.  temporalis  media)  arifies  from  a  plexus  which 
lies  upon  the  outer  surface  of  the  temporal  muscle,  beneath  the  temporal  fascia  and 
above  the  zygoma.  Branches  of  the  plexus  pierce  the  temporal  fascia  near  the 
external  angle  of  the  eye  and  communicate  with  branches  of  the  fadal  and  lachrymal 
nerves,  while  other  branches  pass  deeply  into  the  substance  of  the  temporal  muscle 
and  anastomose  with  the  deep  temporal  veins.  The  middle  temporal,  from  its  origin 
in  the  plexus,  passes  backward  parallel  with  the  upper  border  of  the  zygoma, 
perforates  the  temporal  fascia,  and  joins  with  the  superficial  temporal  vein. 

Tributaries. — The  temporal  vein  receives  the  following  tributaries.  (tf)  The  anterior 
auricular  veins  (vv.  auriculares  anteriores)  are  four  or  five  small  vessels  which  come  from  the 
anterior  surface  of  the  pinna.  {b)  The  posterior  parotid  veins  (vv.  imrotideae  posteriores),  small 
branches  vvhich  drain  the  parotid  gland.  communicating  with  the  anterior  parotid  branches  of 
the  facial.  (r)  The  articular  veins  (vv.  articulares  mandibulae),  several  in  number,  arise  in  a  rich 
plexus  which  surrounds  the  synovial  membrane  of  the  temporo-mandibular  articulation. 
This  plexus  receives  tympanic  branches  (vv  tympanicae),  which  accomjjanjr  the  t>'mpanic 
artery  through  the  Glaserian  fissure,  and  communicates  anteriorIy  with  the  pterygoid  plexus. 
i^d)  The  transverse  facial  vein  (v.  transversa  faciei)  which  accom|>anies  the  arter>'  of  the 
same  name. 

The  internal  maxillary  vein  (v.  maxil1aris  interna)  (Fig.  760)  appears 
sometimes  as  a  distinct  vessel  accompanying  the  internal  maxillary  arter}'  and 
receiving  as  tributaries  veins  corresponding  to  the  arterial  branches.  In  other  cases 
it  is  represented  by  a  plexus  of  veins,  frequently  exceedingly  dense,  occupying  the 
pterygoid  fossa  and  communicating  anteriorly  with  the  facial  vein  and  posterioriv 
with  the  temporo-maxinary.  This  pterygoid  plexus  (plextts  pter}'goldeas)  (Fig. 
760)  is  embedded  in  the  adipose  tissue  vvhich  occupies  the  pterygoid  fossa  and 
consists  of  tvvo  portions,  one  situated  upon  the  outer  suriace  of  the  'extemal 
pterygoid  muscle  and  the  other  between  the  two  pterj^goids,  this  latter  plexus 
being  somevvhat  more  extensive  than  the  other,  \vith  which  it  is  united  by  branches 
passing  through,  above,  and  beneath  the  extemal  pterygoid  muscle.  It  is  also 
continued  forvvard  as  a  fine  plexus  surrounding  the  infra-orbital  nerve,  and  that 
p)ortion  which  rests  ui)on  the  tuberosity  of  the  maxilla  is  occasionally  more  or  less 
distinct  from  the  rcmainder,  and  has  been  termed  the  plexus  aiveoiaris. 

The  pterygoid  plexus  communicates  with  the  facial  vein  through  the  deep 
facial  or  anterior  internal  maxillary  vein,  with  the  pharvngeal  plexus,  and  with  the 
articular  plexus  of  the  temporo-mandibular  articulation.  It  further  receives  the 
emissiiry  veins  from  the  cavernous  plexus  \vhich  traverse  the  foramen  ovale,  the  fora- 
men  of  Vesalius,  and  the  foramen  lacerum  medium,  »ind  also  a  branch  from  the 
inferior  ophthalmic  vein  \vhich  passes  through  the  s])heno-maxillary  fissure. 

Tributaries. — The  tributaries  of  the  inttrnal  maxillary  vein  or  the  pter>'goid  plexus  niay  be 
dcs(TitH'(l  as  f()lU>\vs. 

(  a )  Thf  spheno-palatine  vein  has  its  ongin  in  the  rich  venous  plexus  which  underlies  ihc 
miKous  meinbraiu-  of  the  nas<'il  i:avity  and  with  \vhich  the  ethmoida!  veins  also  communicate. 
It  traverses  the  spht-no-palatiiie  fi^ramen  \vith  the  arter\'  vti  ihe  same  name,  and  is  joined  by  the 
Vidian,  ptcrygo-palatine^  and  supcrior palatiue  veins,  ali  small  vessels  whose  origin  is  indicated 


THE   SUPERIOR   CA  VAL  SVSTEM. 


883 


by  their  natnes.  It  ihcn  passes  betwfen  thi;  1*0  heads  of  thc  exlemal  pterygoid  muscie  ajid 
opens  into  thc  pter>'Ku''i  pli;xus  or  into  thc  jntemal  maxillarY  vdn. 

{6)  The  Buperiordenialveins open  into  the  infra-orbi tal  and  alveolar  portioiLs  uf  the  p]exus. 

(■■)  Musculai  veins  froni  the  masseter,  buccal.  and  pterjg"'*'  muscles. 

(r^)  The  deep  temporal  veing  (vv.  lemporalcs  prnfuadae)  dcsccnd  froni  Ihe  substance  uf  the 
temporal  muscie,  where  they  anastumose  with  the  su|>erficial  temporals,  betweeii  the  muscie 
and  the  bone. 

{e)  71]e  iniddle  meningeol  veina  (vv.  mcnlnjicac  rocdiac)  acconipany  Ihe  niain  slem  and 
branchesof  theniiddlemeningealarteryasveniecomilesand  retum  the  bloodfrum  the  dura  mater 
lining  the  sides  and  vertex  of  the  craniiun.     Ljing  in  the  substance  of  the  dura  mater,  these  veins 


Fig.  760. 


resembk-  iIil- siniisis  ..i  ihi-tlur;i  in  rhfir simcliire.  and  thev  i-omrnunicali- with  ihr  blivHl-lakes  of 
the  duni.  uiih  itn-  Mi|it-riiir  liiiiKilndinal.  splicnii-parielal  and  iy.-trci-s(]U:imiisjil  sinuses.  and  with 
the  sU|KTliii,il  Svivian  viin.  Tbi'y  r>[M-n  Ih-1iiw  into  thi'  det-per  [Hirtion  of  thc  ptenptid  plesus. 
(/I  Tin-  infenor  dental  vein  fnllrms  tln-  nnirse  nt  the  iiifcriordcntal  iirtery.  <i|>eninB  above 
into  the  morf  sii|w-rrin.il  porlion  uf  thi-  pli-xns. 

3.  Thc  Posterior  Auricular  Vein, — Thc  postcrior  Aiiriaii;ir  vi-in  ( v.  auriculariB 
poslerior  i  aris^t-s  (rom  a  ple.\ns  sitiiaHvl  ovit  the  m.istnid  jinrtion  uf  tht-  ti.'ni(K>ral  bone 
and  coinniunicatinj;  with  liranches  nt  thc  nccipitnl  mul  tcm|K»riil  vtins.      It  d<.-scL'nds 
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behind  the  pinna,  occa5ionally  receiving  the  mastoid  emissary  vein,  and  terminates  near 
the  angle  of  the  jaw  by  uniting  with  the  temporo-maxillary  to  form  the  external  jugular. 

3.  The  Posterior  £xternal  Jugular  Vein. — The  posterior  extemal  jugular 
vein  arises  from  the  integument  and  muscles  of  the  upper  and  back  part  of  the  neck, 
just  lx:low  the  occipital  region,  and  descends  obliquely  behind  the  sterno-cleido- mastoid 
muscle  to  open  into  the  external  jugular  just  after  it  has  crossed  the  muscle. 

4.  The  Suprascapular  Vein. — The  suprascapular  vein  ( v.  transversa  scapulae) 
is  really  a  double  vein,  being  represented  by  two  vessels  provided  with  valves  which 
accompany  the  suprascapular  artery  as  its  vena?  comites.  They  arise  upon  the 
up[)er  part  of  the  dorsiil  surface-of  the  scapula,  pass  over  the  transverse  ligament  of 
that  bone,  and  are  continued  inward,  parallel  with  the  clavicle  and  behind  it,  to  open 
into  the  external  jugular  near  its  termination  or  else  directly  into  the  subclavian. 
Just  before  their  termination  the  two  vena  comites  unite  to  a  single  stem. 

The  suprascapular  vein  is  usually  joined  either  at  or  near  its  termination  by  the 
transverse  cervical  veins  vvhich  form  the  venae  comites  of  the  transversalis  colli  arter)'. 
These  veins  may  also  open,  however,  directly  into  the  subclavian. 

5.  The  Anterior  Jugular  Vein. — The  anterior  jugular  vein  (v.  jugularis 
anterior)  (Fig.  753)  arises  beneath  the  chin,  upon  the  mylo-hyoid  muscle,  by  branchts 
which  come  from  the  integument  and  superficial  muscles  of  that  region,  communicating 
with  the  submental  branches  of  the  facial.  The  vein  passes  almost  vertically  down  the 
neck.  resting  upon  the  stemo-hyoid  muscle  a  short  distance  lateral  from  the  median  line, 
until  it  meets  the  anterior  (inner)  border  of  the  sterno-cleido-mastoid  near  its  stemal 
attachment.  There  it  makes  an  abrupt  bend,  passing  almost  horizontaIly  outwanl 
beneath  the  muscle  to  open  into  the  extemal  jugular  immediately  above  its  termination. 

The  anterior  jugular  receives  a  communicating  branch,  occasionally  of  con- 
siderable  size,  from  the  facial  subcutaneous  veins,  and  tributaries  from  the  median 
region  of  the  neck  also  open  into  it ;  it  may  also  receive  small  branches  from  the  lar}'nx 
and  thyroid  gland. 

It  contains  no  valves.  At  its  origin  it  is  superficial  to  the  deep  cer\'ical  fascia.  but 
below  the  hyoid  bone  it  is  embedded  in  the  superficial  layer  of  that  fascia,  and  below 
lies  in  the  spatium  suprasternale  (space  of  Burns)  formed  by  the  splittingof  the  fascia 
into  two  lamellae.  In  this  space  there  occurs  a  transverse  anastomosis  beti^een  the 
two  veins,  forming  what  is  termed  the  arctis  venosus  juf^li,  and  into  this  a  number 
of  small  branches  from  neighboring  structures  open.  The  horizontal  portion  of  the 
vein  eventually  pierces  the  posterior  layer  of  the  space  to  reach  the  extemal  jugular. 

Variations. — The  anterior  ju^lar  varies  considerably  in  size,  inversely  to  the  extemal 
jugular.  Occasionally  the  two  veins  of  opposite  sides  unile  throu^hout  the  vertical  portion  t»f 
their  course  to  form  a  single  stem,  which  passes  down  the  median  hne  of  the  neck  ana  has  con- 
sequently  l^een  termed  the  v.  mediana  colli. 

The  communicating  branch  from  the  facial  vein,  uhich  passes  downward  alonj^  the  anterior 
border  of  the  sterno-cleido-mastoid,  is  sometimes  quite  large,  functionin^  as  the  direct  continua- 
tion  of  the  facial,  \vhich  may  thus  pour  its  hlood  mainly,  if  not  entirely,  into  the  anterior  jufsrular. 
Below,  uhile  ihe  anterior  jugular  usually  opens  into  the  extemal  jugular,  yet  it  sometimes open.s 
directly  into  the  subclavian,  and  occasionally  it  receives  near  its  termination  an  extema/  thoracic 
veift,  uhich  ascends  from  the  region  of  the  mammar>'  gland  over  the  clavicle,  posterior  to  the 
attachment  of  ihe  sterno-cleido-mastoid. 

The  SuBcr.AviAN  Vp:ix. 

The  subclavian  vein  (v.  subciavia)  ( Fig.  753)  is  the  terminal  portion  of  the  vcnous 
svsteni  of  the  upper  extremity.  It  begins  at  the  anterior  border  of  the  first  rib,  where 
it  is  (iirectly  continuous  \vith  the  axillary  vein,  and  passes  almost  horizontany  inward, 
anterior  to  the  scalenus  anticus  muscle  and  behind  the  clavicle,  to  the  junction 
of  that  bone  vvith  the  stenunrj,  \vhere  it  unites  \vith  the  internal  jugular  to  form  the 
innominate  vein.  Its  course  is  verv  similar  to  that  of  the  subclavian  arter\-,  but  it 
is  more  horizontal  and  somevvhat  anterior  to  the  arterv,  from  which  it  is  se|>arated 
bv  the  scalciuis  anticus. 

h  is  provided  \vith  a  pair  of  valves  at  its  junction  \vith  the  internal  jugular  and  wilh 
another  j)air  at  its  junction  \vith  the  axillary  vein.  In  the  first  |x»rtion  of  its  course  it 
is  in  relation  anteriorlv  \vith  the  subclavius  muscle,  and  its  anterior  wall  is  united  to 
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the  fascia  which  encloses  ihat  muscle  ;  near  its  termination  it  is  united  to  the 
middte  layer  of  the  deep  cenical  fascia,  behiinl  which  it  lies.  As  a  result  of  these 
connections  the  vein  does  not  coHapse  when  empty,  and,  furthermore,  its  lumen  is 
enlarged  by  movements,  such  as  those  of  inspiration  or  the  ralsing  of  the  ariii, 
which  affect  the  fascia. 

With  the  exception  of  the  external  jugular  and  occasionat]y  the  antorior 
jugular,  the  subctavian  vein  receives,  as  a  rule,  no  tributaries,  the  veins  which 
correspond  to  the  branches  ot  the  subciavian  artery  opening  either  into  the 
innoniinate  or  the  external  jugular.  Occasionally,  however,  it  receives  the  snpra- 
scapular  and  the  superior  intercostal  vein  (page  896),  and  the  acromial  thoracic 
vein  may  open  into  it  near  its  beginning. 


Fro,  761. 


r<j 


o[n«k,>hov.in, 


Variation*. — <^ccasioniil]y  Ihe  course  c)f  the  suhciavian  vein  has  the  form  <)f  a  curve  uhich 
risw  above  ihc  IcvcI  of  the  (;lavicle  and  niav  even  brinK  the  vtin  to  lie  ahove  ihe  arterv.  It  niav 
pass  with  the  arterv  ln-hind  tht  sealenus  nniicds,  ihe  arterj-  and  vein  niay  exchanKe  places  wiiii 
reference  to  Ihal  miisilf.  ur  Ihe  vfin  inav  divkte  to  form  a  ring  encircling  the  muscle.  Rarely  it 
pa.s.ses  bet»een  ihe  suIkIiivIus  muscle  aiid  ihe  clavicle. 


Practical  Considerations. — The  snbclavian  vein  occupii-s  ihe  acnte  inner 
angle  bct^ti-n  the  davide  and  the  first  rib,  and  therefore — and  on  accoimt  of  its 
slight  resist.mce — in  perinsti-al  or  os.seoiis  growths  from  those  bones  is  especiallv 
likely  to  siiffer  conipression.  The  interposcd  siibclavins  mnsclc  usuallv  protects  it, 
as  it  doos  the  artiTV  and  the  brachial  plexus,  from  injnrv  in  čase  of  Iractiire  (page  ajgl. 
The  vein  barelv  rises  abo\e  ihe  clavicle,  and  therefore  iis\ially  i?srapes  in  stab- 
wounds  involving  the  supraclavicnlar  fossa,  while  ihe  arten,-  »Kich  arches  an  inch 
to  an  inch  and  a  half  abovc  that  line  snflers  much  ottener. 

The  cnnnection  of  the  anterinr  wall  of  the  vein  with  the  fascia  of  the  snbclavius 
muscle,  caiisinj;  an  increase  in  its  calibre  during  forced  rnspiralion  or  an  elevation  of 
the  arm  (vidr  sitpra).  should  be  remembered  in  casc  of  wound  of  this  vessel  during 


886  HUMAN   ANATOMV. 

operation,  as  elevation  of  the  clavicle  may  then  be  followed  by  the  entrance  of  air 
into  the  vein  (Henle).  Obstruction  of  the  subclavian  at  the  point  of  junction  with 
the  internal  jugular  results  in  conipression  of  the  oritice  of  tlie  thoracic  duct. 

THE   VEINS  OF   THE   UPPER    EXTREMITY. 

Instead  of  follovving  distally  the  various  branches  \vhich  retiirn  the  blood  from 
the  upper  Hmb  it  will  be  more  convenient  to  begin  \vith  the  peripheral  branches  and 
trace  the  vessels  proximally  towards  the  subclavian. 

The  veins  of  the  upper  extremity  niay  be  divided  into  a  superficial  and  a  dctp 
set.  The  latter  follow  in  generai  the  course  of  the  arteries,  of  which  they  are,  as  a 
rule,  the  vense  comites.  They  anastoinose  frequently  vvith  the  superficial  veins  and 
are  more  richly  supplied  \\  ith  valves  than  are  the  latter. 

THE    DEEP  VEINS. 
The  Deep  Veins  of  the  H  and. 

The  deep  veins  of  the  hand  are  ali  relatively  small  and  are  of  less  importance 
than  the  superficial  ones  in  returning  the  blood.  Each  of  the  palmar  arterial 
arches  is  accompanied  by  venae  comites,  and  into  those  of  the  superficial  arch  (arcns 
volaris  vcnosus  superficialis)  the  superficial  digital  veins  (vv.  diji^itales  volares  com- 
munes)  open,  while  those  of  the  deep  arch  (arctis  v(»laris  venosus  profundus)  receive 
the  veins  (vv.  metacarpcae  volares)  \vhich  accompany  the  aa.  princeps  pollicis,  radialis 
indicis,  and  interossei  palmares. 

Upon  the  dorsum  of  the  hand  even  more  than  on  its  volar  surface  the  chief 
part  is  played  by  the  superficial  veins.  Three  or  four  pairs  of  dorsal  interosseous 
veins  occur,  ho\vever,  accompanving  the  corresponding  arteries  and  opening  e%ent- 
ually  partly  into  the  radial  veins  and  partly,  through  the  veins  corresponding  to  the 
posterior  carpal  net-vvork,  into  the  superficial  veins  of  the  dorsum  of  the  wrist  (retc 
venosum  dorsale  manus).  As  in  the  čase  of  the  arteries,  the  deep  veins  of  the  dorsal 
and  volar  surfaces  of  the  hand  are  connected  by  perforating  veins,  and  both  make 
numerous  connections  with  the  superficial  veins. 

The  Deep  Veins  of  the  Forearm. 

The  deep  veins  of  the  forearm  are  the  venae  comites  which  accompany  the  radial 
and  ulnar  arteries  and  their  branches.  The  radial  veins  (vv.  radiales)  are  the 
upward  continuation  of  the  veins  of  the  deep  palmar  arch  and  are  relatively  slender. 
The  ulnar  veins  (vv.  ulnares)  are  larger  and  are  formed  by  the  union  of  the  ulnar 
ends  of  the  vena?  comites  of  both  the  superficial  and  deep  palmar  arches.  Usuallv 
they  have  a  large  communication  from  the  superficial  veins  of  the  dorsum  of  the  hand, 
and  receive  near  the  elbow  the  veins  \vhich  accompany  the  interosseous  arterv  and 
its  branches,  and  also  a  strong  communicating  branch,  the  deep  median  vein,  from 
the  superficial  median  (page  890).  Both  the  ulnar  and  radial  veins  are  well  supplied 
with  valves,  and  they  unite  at  the  elbo\v  to  form  the  brachial  veins. 

The  Brachial  Veins. 

The  brachial  veins  fvv.  brachiales)  (Fig.  762)  are  the  companion  veins  of  the 
brachial  arterv  and  receive  tributaries  corresponding  to  the  branches  of  the  artery. 
They  are  formed  at  about  the  elbo\v-ioint  by  the  union  of  the  radial  and  ulnar  veins, 
and  extend  upuard,  one  on  either  side  of  the  brachial  arter\',  to  the  lower  lx)rder  of  the 
pectoralis  major  muscle,  at  al>out  vvhich  level  they  unite  to  form  a  single  trunk,  termed 
the  axillary  vein. 

As  is  usual  \vith  ven.ne  comites,  the  two  brachial  veins  are  united  bv  numerous 
anastomoses  and  ocausionalK'  unite  through  portions  of  their  course,  especially  above,  to 
form  a  single  trunk.  At  the  eIlK)\v  one  (^f  the  veins  frequently  lies  in  front  of  the  arten' 
and  sometimes  the  two  veins  pursuc  a  spiral  course  around  it.  In  addition  to  the 
tributaries  \vhich  accompany  the  branches  of  the  brachial  arter>',  the  brachial  veins,  or 
rather  the  inner  one  of  the  two,  receive  near  their  termination  the  basilic  vein  (page  S90). 
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The  Axii,larv  Vein. 


The  axiUary  vein  (v, 
azillaris )  ( Fig.  762  j  is 
formed  by  the  iinion  of 
the  lwo  brachial  veins, 
iisually  at  about  the  l()wer  "■" 

border  of  the  pectoralls  c™«- 
major.  It  lies  along  the 
inner  side  of  the  axillary 
artery,  and  at  the  lower 
border  of  the  first  rib 
passes  directiy  in  to  the  Aaiai, 
subclavian  vein.  In  the 
Iower  pari  of  its  course  it  is 
separated  from  the  arterv  ''' 

by  the  ulnar  nerve  and  the  '  "• 

inner  head  of  the  median  : 
above,  it  is  more  neariv  in 
contact  with  it. 

The  a.xillary  vein 
possesses  a  pair  of  val\'eij, 
iisu3lly  situateil  at  the 
level  of  the  lower  border  of 
the  subscapularis  muscle. 
Its  walU  are  intimatdv 
connected  with  the  fascia 
of  the  axillary  spiice.  so 
that,  as  in  the  oase  o(  tlie 
subclavian.  its  liimi;ii 
remains  patent  even  when  ""'^^  . 
empty  of  blood,  and  con-  s-v^^^ 
3equently  air  mav  possibly 
enter  in  cases  uhere  the 
vdn  is  wounded. 

Tributaries. — 
These  correspond  in 
general  with  the  branches 
of  the  arterv,  exce]>t  tliat 
the  axillar>-  vein  receives 
the  cephalic.  «hich  is  un-  ,,„„ 
represented  hvan  arterv, 
and,  furthennore,  the 
acromial  ihoracic,  «hich 
corresponds  to  the  arterv 
of  the  same  name,  instead 
of  opening  into  the  axit- 
lary,  connects  with  the 
cephalic.  Of  espccial 
importance  among  the 
tributaries  is  the  long 
thoracic  vein  1  v.  ihorac- 
alis  lateralis)  which  lirings 
to  the  axillarv-  the  blood 
from  the  laterd  walls  i)f 
the  thorax.  Its  branches 
{rf  origin  are  the  vena- 
comites  o(  the  branches  of  the  thoracic  nrteries,  and  they  retum  the  blood  from  the 
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^toral  and  serratus  magnus  musdes  and  in  part  from  the  intercostals.     They  are 

Dundantly  supplied  with  valves,  and  unite  to  a  single  stem  which  presents  variations 

ii  its  connections  with  the  axillary  vein  similar  to  those  described  for  the  corresponding 

irtery.     By  means  of  the  costo-axillary  veins  (vv.  costO'axiI1ares),  which  pass  from 

the  middle  portions  of  the  upper  six  or  seven  intercostal  spaces,  it  forms  anastomoses 

with  the  intercostal  veins  which  open  into  the  azygos  system. 

These  costo-axillary  veins  open  either  directly  into  the  long  thoracic  or  into 
the  thoraco-cpigastric  vein  (v.  thoraco^epigastrica),  a  more  or  less  definite  stem 
which  extends  upward  along  the  lateral  walls  of  the  thorax,  subcutaneously,  to  open 
into  the  long  thoracic  near  its  termination.  It  receives  numerous  tributaries  from  the 
rich  subcutancous  venous  net-work  which  occurs  upon  the  anterior  and  lateral 
walls  of  the  thorax  (vv.  cutaneae  pectoris),  and  communicates  directly  below  with  epi- 
gastric  branches  from  the  femoral  vein,  thus  forming  an  important  communication 
between  the  superior  and  inferior  ca  val  systems.  It  also  receives  the  veins  coming 
from  the  region  of  the  mammary  gland,  where  the  pectoral  cutaneous  veins  form  a 
net-work  surrounding  the  nipple,  the  plexus  venosus  mammillae.  The  deeper 
veins  of  the  gland  open  in  part  direcdy  into  the  long  thoracic,  whence  this  has 
been  termed  the  cxternal  inammary  vein,  and  partly  into  the  intemal  mammary 
by  branches  which  accompany  the  perforating  branches  of  the  intemal  mammary 
artery  (page  860). 

Practical  Considerations. — When  the  axillary  vein  is  formed  by  the  junc- 
tion  of  the  two  brachial  veins  with  the  basilic  vein,  the  union  occurs  usually  at  the 
inferior  border  of  the  subscapularis  muscle.  The  vein  is  then  somewhat  shorter 
than  the  arter>'.  Occasionally  the  coalescence  of  these  tributaries  does  not  take 
plače  until  a  level  just  beneath  the  lower  border  of  the  clavicle  has  been  reached. 
When  this  is  the  čase,  operations  in  the  axilla  will  involve  the  ligation  of  many  com- 
municating  trans verse  veins  crossing  the  artery  to  join  the  venae  comites  lying  upon 
either  side  of  it. 

Phlebitis  of  the  veins  of  the  upper  extremity  is  but  sel  dom  transmitted  to  the 
axillary  vein,  rarely  to  the  subclavian,  and  never  to  the  intemal  jugular  or  innomi- 
nate  f  AUen).  This  immunity  is  supposed  to  be  duc  to  disproportionately  greater 
size  of  a  main  venous  trunk  as  compared  with  its  tributaries  ;  any  of  the  radicles  of 
the  veins  of  the  hand,  forearm,  and  arm — whose  calibres  are  nearly  equal — readily 
transmitting  infection.  Phlebitis  of  the  axillary  vein  may,  through  the  costo-axillary 
branches  of  the  long  thoracic  vein,  extend  to  within  the  thprax  and  result  in  a  septk 
pleurisy. 

Accidental  wounds  of  the  axillary  vein — especially  of  its  upper  portion — are 
dangerous  on  account  of  its  size,  its  nearness  to  the  thorax — so  that  it  markedly 
shows  the  respiratory  wave — and  its  attachment  to  the  costo-coracoid  membrane, 
preventing  its  collapse,  favoring  hemorrhage,  or,  when  it  is  empty,  permitting  the 
entrance  of  air.     It  lies  within  and  a  little  below  the  artery,   which   it  overlaps, 
particularly  towards  its  upper  and  lower  portions,  and  when  it  is  distended  dunn^ 
expiration.     As  it  is  straighter  than  the  arterv,  the  curve  of  the  latter  carries  it  a  litll 
away  from  the  vein  at  the  middle  ix)rtion.     Abduction  of  the  arm  brings  the  vein  t 
a  higher  level  and  often  almost  in  front  of  the  artery  so  as  partly  to  hide  it.      It  w' 
thercfore  be  found  \vith  this  relationship  in  many  operations  upon  the  axilla,  and  it 
on  account  of  it — i.e.,  its  more  superficial  j)osition — and  of  its  larger  size  that  the  veir 
more  frequently  wounded  than  is  the  artery.     On  the  othcr  hand,  the  axillary  arti 
is  oftener  niptured,  as  in  the  manipulations  for  the  reduction  of  old  luxations  ol 
shoulder,  probiiblv,  as  such  luxations  are  more  frequent  in  old  persons,  on  accc 
of  the  greater  loss  of  elasticitv  of  its  thicker  walls,  and  possibly  on  account  of  gre 
tniction  upon  it  by  reason  of  its  dccpcr  and  more  cxternal  position  (page  769). 

The  close  relation  of  the  vein  t(^  the  deep  chain  of  axillary  ^lands  makes  i 
chief  source  of  danj^er  in  operations  for  the  removal  of  the  breast  and  cleanin 
the  axilla  in  cases  of  nianimar)"  aincer,  especiallv  if  the  axillary  nodes  are  al 
notablv  involved.      It  is  \vell,  therefore,  to  expose  the  voin  at  an  early  stage  * 
operation.      If  thc*walls  have  lK*en  invaded  by  the  discase,  or  if  extirp>ation 
cancerous  mass  is  impossible  \vithout  resection  of  the  vein,  the  latter  operatic 
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be  performed.  The  resultinjj  suelling  and  tedema  of  the  iipper  limb  are  minimized 
by  the  consecutive  eniargement  uf  tlie  cephalic  vein.  Such  swelling  and  ardcma  are 
common  symptoms  of  pressure  upon  the  axillary  vcin  by  canceroiis  lymph-nodes  in 
the  later  stages  of  mammary  cancer  (page  770).  Suture  of  the  wall  of  the-  vein  in 
cases  of  accidental  and  o(  operative  wound  has  been  successfully  perJormed. 

THE   SUPERFICIAL  VEINS. 
The  SuPERFiciAL  Veins  of  the  Hand. 

The  veins  upon  the  dorsal  surface  (Fig.  763)  form  the  principal  superficial 
channds  for  the  return  of  blood  (rom  the  hand.  Thcy  begin  in  a  ple.\us  upon  the 
dorsum  of  the  first  phaianges,  surrounding 

the  nail,  and  are  continued  over  the  suc-  Kic.  ;6.v 

ceeding  phaianges  as  a  coarser  plexus  in 
which  iongitudinal  trunks  (vv.  digitaies 
dorsales  propriae)  can  be  more  or  less  jj,^^, 
.  distincdy  perceived.  At  about  the  middle 
of  the  dorsum  of  the  proxinial  phaianges 
transverse  arches  (arcus  venosi  digitales), 
one  for  each  digit,  connect  the  various 
dorsal  digilal  veins  ; .  each  arch  is  concave 
proxinially,  and  at  either  end  unites  with 
the  extremities  of  the  neighboring  arches  "^'„1" 
to  form  four  dorsal  metacarpal  veins 
{w.  metacarpeae  dorsales)  which  pass 
upward  along  the  lines  of  the  intermeta- 
carpal  spaces.  Just  before  joiniiig  with 
its  neighbors  each  digital  arch  receives 
intercapitular  veins  {w.  intercaiiita- 
lares)  which  ascend  in  the  web  of  the 
lingers  Irom  the  volar  suriace  and  as.sist  in 
the  passage  of  the  blood  of  the  su|>erlicial 
volar  veins  into  those  of  the  dnrsal  surface. 

The  four  dnrsal  metacarpal  veins  are 
abundandy  connected  by  anastomosing 
liranches  which  pass  obliquely  from  one 
vein  to  the  other,  a  net-work  (rcte  venosum 
dorsale  manus)  with  elongated  meshes 
tieing  thus  formed.  The  veins  of  the  first 
and  fourth  intermelacarpal  spaces,  as  a 
rule,  however,  retain  a  greater  amount  of 
individuality  than  the  other  two.  and  have 
consequently  received  s|>ecial  names.  that 
of  the  tirsi  inlers|>acc  being  sometimes 
termed  the  vena  cephalica  pollicis, 
urhile  that  of  the  fourth  iiiters|)ace  is  the 
vena  salvatella.  The  dorsiU  net-work 
is  drained  by  two  veins  which  pass  up  the 
forearm,  the  cephalic  and  basilic  veins. 

The  superficial  \eins  of  the  volar 
surface  of  tlit-  hmid  are  small  and  for  the 
most  part  n]K'n  into  ihc  dorsal  veins. 
Thev  arise  as  :i  plc.\us  in  the  balls  of  the 
lingera  and  |>;iss  along  the  volar  surfaces 
of  the  digits  as  a  ]>U"ius  in  which  lonijiiudi- 
nal  tnmks  (vv.  dicitalis  volarts  pro|iriae) 
can  be  distin^;iiishiit.  I-Vom  llic  plcxus  i>[  each  fingcr  branches  wiml  around  the  sides  of 
the  digits  to  open  into  the  dorsal  digital  veins,  and  at  the  roots  of  the  tingers  important 
conncctions  in  a  siniilar  dircction  are  made  by  the  intercapitular  veins  (see  above). 
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The  superficial  veins  of  the  palm  of  thc  hand  are  situated  superficially  to  the 
palmar  aponeurosis.  They  are  for  the  most  part  small,  and  form  a  net-work  which 
IS  open  over  the  central  part  of  the  palm,  but  much  closer  over  the  thenar  and 
hypothenar  eminences.  These  lateral  portions  communicate  with  the  dorsal  net-work 
as  well  as  the  net-work  of  the  anterior  surface  of  the  forearm,  into  which  the  central 
portion  opens. 

The  Basilic  Vein. 

The  basilic  vein  (v.  basilica)  (Fig.  762)  takes  its  origin  from  the  ulnar  side  of 
the  dorsal  net-work  of  the  hand,  and  is  sometimes  described  as  the  direct  continuation 
of  the  dorsal  metacarpal  vein  of  the  fourth  interspace.  It  passes  obliquely  upward  and 
inward,  winding  around  the  border  of  the  hand  towards  the  anterior  surface  of  the  fore- 
arm, up  which  it  ascends.  Beyond  the  bend  of  the  elbow  it  continues  its  way  upward 
along  the  inner  border  of  the  biceps  muscle  as  far  as  the  upper  third  of  the  brachium, 
at  which  Icvel  it  pierces  the  fascia  of  the  arm,  and  after  a  usually  short  subfascial 
course  terminates  by  opening  into  the  internal  brachial  vein. 

The  basilic  is  the  largest  of  ali  the  superficial  veins  of  the  arm,  and  is  provided 
with  from  ten  to  fifteen  pairs  of  val  ves.  It  receives  tributaries  from  the  superficial 
plexus  of  the  thenar  eminence  and  from  the  anterior  and  posterior  sur^ces  of  the 
forearm.  Near  the  elbow  it  receives  from  the  cephalic  vein  the  median  vein,  and 
also  communicates  with  the  cephalic  higher  up  by  branches  which  pass  across  the 
biceps  muscle,  and  with  the  brachial  \'eins  by  small  branches  which  pierce  the  brachial 
fascia. 

Variations. — The  basilic  is  little  subject  to  variation  except  in  regard  to  its  termination« 
which  is  frequently  in  the  axillar>'  and  sometimes  in  the  subclavian  ;  in  both  these  cases  the  sub- 
fascial |X)rtion  of  its  course  is  considerably  longer  than  usiial.  Occasionally  it  is  accompanied 
throughout  its  course  by  an  accesson'  basilic. 

The  portion  of  the  vein  extendin^  from  its  origfin  to  the  bend  of  the  elbow  is  frequently 
spoken  of  as  ih^  sttperfina/  uinar  vein,  the  term  basilic  lxfing  limited  to  the  brachial  portion  of 
the  vein  as  described  above. 

The  Cephalic  Vein. 

The  cephalic  vein  (v.  cephalica )  (Fig.  762)  takes  its  origin  from  the  radial  portion 
of  the  dorsal  net-work  of  the  hand,  and  especially  from  the  dorsal  metacarpal  vein 
of  the  first  interspace.  It  passes  upward,  inclining  for\vard  over  the  surface  of  the 
brachio-radialis  muscle,  and  so  reaches  the  anterior  surface  of  the  forearm.  Arrived 
at  the  bend  of  the  elbow,  it  ascends  along  the  groove  which  marks  the  outer  border  of 
the  biceps  muscle  and  then  in  the  groove  betw'een  thc  deltoid  and  the  pectoralis  major, 
and  at  the  upj>er  border  of  thc  latter  muscle  it  passes  between  it  and  the  clavicle,  per- 
forates  the  costo-coracoid  membrane,  and,  crossing  in  front  of  the  axillary  artery. 
empties  into  the  axillary  vein. 

It  is  provided  with  from  twelve  to  fifteen  pairs  of  val  ves,  of  which  from  four  to 
seven  occur  in  its  antibrachial  portion,  seven  in  its  brachial  portion,  and  one  at  its 
union  with  the  axillary. 

Tributaries. — The  cephalic  vein  receives  numerous  branches  from  the  super- 
ficial net-work  of  the  posterior  surface  of  the  forearm  and,  indeed,  plays  a  much 
more  important  part  in  the  drainage  of  this  region  than  does  the  antibrachial  portion 
of  the  basilic.  Quite  frequently  it  is  accompanied  in  its  course  up  the  forearm  by  an 
accessory  cephalic  vein  (s  cephalica  accessoria),  \vhich  arises  in  the  posterior  super- 
%  ficial  net-work  and  opens  into  the  main  cephalic  vein  at  the  bend  of  the  elbow.     It 

^  also  receives  branches  from  the  superficial  net-work  of  the  anterior  surface  of  thc 

forearm  and,  a  short  distance  belo\v  the  bend  of  the  elbow,  gives  off  a  strone  branch, 
the  median  vein  (v.  mediana  cubiti ),  which  passes  obliquely  upward  and  mward  to 
^  open  iiit()  the  basilic,  giving  off  in  its  course  a  communicating  branch  to  one  or  otbcr 

>.  ^-  of  the  deep  veins  of  the  forearm. 

^  In  its  brachial  portion  it  is  connected  with  the  basilic  by  branches  which  pass 

across  the  biceps  muscle,  and  jiist  before  opening  into  the  axillary  it  receives  the 
acromial  thoracic  vein  (v.  thoracoacromialis),  which  corresponds  to  the  artery  of 
the  siime  name. 


,^ 
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Variations. — Unlike  the  basilic,  the  cephalic  vein  frequently  presents  variations  uhich  affect 
|)rincipally  ils  brachial  portion.  One  of  the  most  important  of  tnesc  is  the  coniplete  absence  of 
this  portion  of  the  vein,  the  antibrachial  portion  emptying  its  blcKKi  into  the  l)asilic  by  means 
of  the  median  vein.  In  other  cases  it  is  only  the  uppermost  part  of  the  brachial  portion  that  is 
lacking,  the  lovver  part  in  such  cases  either  making  connection  uith  the  brachial  veins  or  else 
conveying  its  blood  downward  to  the  median  vein,  by  which  it  passes  to  the  basiHc. 

Another  interesting  anomaly  consists  in  the  occurrence  of  a  branch  vvhich  is  given  off  just 
as  the  vein  (\\\ys  do\vnward  to  pierce  the  costo-coracoid  membrane.  It  is  termed  the  juguich 
cephalic  vein,  and  passes  up  over  the  clavicle  to  open  above  into  the  extemal  jugular  near  its 
communication  uith  the  subciavian. 

These  variations  find  an  explanation  in  the  changes  undergone  by  the  superficial  veins  of 
the  arm  during  their  development,  both  the  absence  of  the  brachial  i>ortion  of  the  vein  and  the 
occurrence  of  a  jugulo-cephalic  being  the  persistence  of  conditions  normalK*  passed  through  in 
development.  It  vvould  seem  that  three,  or  perhaps  better  four,  stages  are  to  be  recognized  in 
the  development  of  the  superficial  veins  of  the  arm.  In  the  first  stage  the  basilic  vein  forms  the 
only  ^reat  superficial  trunk,  extending  up  the  inner  side  of  the  arm  frym  the  u  rist  to  the  axilla  and 
openmg  into  the  axillar>'  vein  above.  Later,  houever,  this  condition  is  modified  by  the  de- 
velopment of  the  antibrachial  portion  of  the  cephalic,  which  increases  in  size  at  the  expense  of 
the  antibrachial  portion  of  the  basilic  until  it  becomes  the  most  important  vein  of  the  forearm. 
At  the  bend  of  the  elbow  this  vein  receives  a  short  transverse  branch  formed  by  the  union  of  an 
ascendin^  and  descendin^  limb,  and  then  bends  obliquely  invvard  to  join  the  brachial  |X)rtion  of 
the  basilic.  Higher  up  m  the  groove  betvveen  the  pectoralis  major  and  deltoid  muscles  is  a 
small  deltoid  vein,  which  is  unconnected  \vith  the  veins  already  described.  Such  a  stage  as  this 
gives  a  clue  to  the  variations  in  uhich  the  brachial  portion  of  the  cephalic  is  either  absent  or 
only  partially  developed.  The  asc^nding  limb  of  the  transverse  branch  of  the  elbou-,  and  this 
branch  itself,  together  represent  u hat  uill  later  be  the  louer  part  of  the  brachial  |X)rtion  of  the 
cephalic,  while  the  deltoid  vein  represents  its  upper  part ;  the  descending  limb  of  the  trans- 
verse branch  represents  the  accessory  cephalic  vein,  and  the  oblique  portion  of  the  antibrachial 
cephalic,  lx?tu'een  the  transverse  branch  and  the  basilic,  represents  the  median  vein.  Indeed, 
reiics  of  this  condition  are  to  be  scen  even  in  the  nonnal  arrangement.  for  uhile  the  antibrachial 
portion  of  th^  cephalic  usually  exceeds  in  size  the  corresponding  iH)rtion  of  the  basilic,  the  con- 
ditions are  reversed  iii^lhe  brachial  portions  of  the  tuo  veins,  the  antibrachial  iX)rtion  of  the 
cephalic  and  the  brachial  p<^rtion  of  the  basilic  (connected  by  the  median)  forming  the  main 
channel  for  the  retum  of  blotKl  from  the  sujHirficial  |X)rtions  of  the  arm. 

A  third  stage  is  brought  aboiit  by  the  completion  of  the  cephalic  vein  by  the  union  of  the 
ascending  limb  of  the  transverse  branch  uith  the  deltoid,  the  vein  so  formed  l)eing  continued  up 
over  the  clavicle  to  open  into  the  external  jugular  ;  and.  finallv,  the  fourth  or  adult  stage  is  pro- 
duced  from  this  by  the  deji^eneration  bf  that  |X)rtion  of  the  cephalic  uhich  corres|K)nds  to  uhat 
is  termed  the  iugulo-cephallc. 

The  antibrachial  |K>rtion  of  the  cephalic  is  frequently  termed  the  superjiciat  radial  vein,  the 
accessory  cephali(!  l)eing  then  the  accessorv  superficial  radial.  Furthermore,  it  is  to  lxf  noted 
that  (juite  frec|uently  one  or  more  strong  longitudinal  stems  are  developed  in  the  superficial  net- 
work  of  the  anterior  surface  of  the  forearm,  and  to  one  of  these  the  term  median  vein  has  been 
applied.  This  condition  has  general  Iv  l)een  accepted  by  the  English  and  French  anatomists  as 
typical,  and  their  description  of  the  origin  of  the  l)asilic  and  cephalic  veins  is  as  follous.  The 
median  vein  vvhen  it  reaches  the  bend  of  the  eU)ou'  divides  into  two  divergent  stems  (Fig.  764) 
urhich  are  termed  the  median  basilic  and  median  cephalic  veins.  The  median  basilic,  uhich 
corresponds  uith  uhat  has  been  termed  abi:)ve  the  median  vein,  unites  vvith  the  superficial  ulnar 
to  form  the  basilic  vein,  uhile  the  median  cephalic,  uhich  represents  the  fretal  transverse  branch 
of  the  tjlbou',  similarlv  unites  uith  the  superficial  radial  to  form  the  cephalic.  Such  an  arrange- 
ment is  undoubtedly  of  frequent  occurrence  ;  but  since  the  median  vein,  as  understO(xl  in  such  a 
description,  is  so  variable  and  so  manifestly  a  secondary  formation,  and  since  the  arrangement 
taken  above  as  tvpical  is  not  oniv  aiso  of  frequent  occurrence,  but  furthermore  follous  more 
closely  the  embrvonic  relalions  of  the  various  vessels,  it  has  been  given  the  preference. 

PrACTIC.AL    CONSIDERATIONS. — ThE    VeINS    OF    THE    UpPER    ExTREMITV. 

The  Deep  Veins. — The  venae  comites  of  the  radial  arterv  have  been  said, 
whendistended,  to  alter,  by  pressure,  the  character  of  the  pulse.  The  niimerous 
short  anastoinotic  branches  uhich  unite  the  venae  comites  of  the  brachial  artery 
cross  in  front  of  that  vessel  and  may  have  to  be  tied  as  a  preliniinar>'  to  ligation 
of  the  arterv. 

The  Superficial  Veins. —  The  Hand. — The  veins  of  the  dorsal  surface  are 
subcutaneous,  prominent,  and,  in  order  that  the  circulation  may  not  be  inter- 
rupted  duriiii^  prehension,  are  much  larger  than  those  of  the  palmar  surface.  Like 
the  other  superticial  veins  of  the  upper  extremity,  thev  are  scantilv  supplied  with 
valves  and  are  therefore  easilv  distended  by  the  effc^cts  of  j>jravity  or  by  anv  constric- 
tion  of  the  linib  above. 

The  Forearm. — The  larj^e  size  of  the  superficial  veins  in  the  forearm.  their  sub- 
cutaneous position,  the  small  number  of  vaives  thev  contain,  and  the  fact  that  most 
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nous  blood  of  the  limb  is  retumed  by  thcm,  make  circular  constriction  t 

or  forearm — as  in  cases  ol  poorly  applied  splints — e3pecia]ly  dangerou: 

and  cedema  distal  to  the  constriction  are  sure  to  result  speedily  and,  !f  th. 

is  continued,  to  be  followed  by  ulceration  or  gangrene. 

the  cxtcnsor  surface  of  the  forearm  the  superficial  veins  are  less  conspicuot 

1  the  flexor,  and  between  the  olecranon  and  the  level  o(  the  pronator  teri 

in  are  almost  completelv  lacking.      This  is  the  surface  most  exposed  to  trai 

t,  and  along  it  main  arteries  and  nerve-trunks  are  also  absent. 

''ke  Elbow. — The  vein  given  off  by  the  median  vein  when  it  reaches  the  bend  • 

ibow,  and  known  by  the  English  and  French  anatomists  {vide  supra)  as  tJ 

an  basilic,  is  of  the  greatest  practical  importance  among  the  veins  at  the  bend  < 

.■lbow.      The  M-like  figure  made  by  the  superficial  ulnar  and  superficial  radiat  i 

mg  respectivel/  with  the  median  basilic  and  median  cephalic  to  form  the  basil 

and    cephalic  veins    is    b 
no   means  constant,   but 
presen  t  in  only  from  one- ha 
to    two-thirds   of    ali    cas) 
{Tre\-es).     Even,  howe\e 
if  the   basilic  and  cephal: 
'     veins    do    not   originate  i 
this   way,  the    median  vei 
(if  from  the  cephalic),  th 
■>«.<       median  basilic  (if  from  th 
I  ><4>        median).  will  befoundbegii 
ning  a^short  distance  belo' 
' '""       the  elbow,  to  the  outer  sid 
,  of  the   biceps  tendons,  an 

Crossing    the     tendon,     ti 
brachial  artery.  the  bracfai 
\'cins,  and  the  median  nerv< 
from     aH    of     which     it 
separated    by  the    Incipi' 
aponeurosis,  the  inner  of  t 
two  lower  biceps  tendonr 
the    old     anatomists. 
vein     may,     however, 
either   more  transverse) 
more  vertically  and  so 
difierent    relalions     tO 
artery    and     nerve  ; 
iisua]ly   the  largest   • 
anticubital   veins,    bv 
be  smaller  than  the 
folloued  bv  the  median,  uli 


cephalic,  which  is  commonly  the  second  ii 
radial.  in  the  order  mentioned. 

Fur  reasons  explained  abo\i.',  abni)rmalities  and  e\'en  absence  ol  the 
and  radial  veins  are  more  frequenl  than  those  of  the  basilic. 

Forthis  reason,  antl  on  accouiU  of  its  large  size,  the  greater  quantity 
it  carries — as  it  is  above  the  entmnce  of  the  dcep  median  vein,  and  thu 
blood  from  the  deep  veins  of  the  forearm — its  superficial  position,  its  pT 
and  its  relative  fixation  to  the  bicipital  (ascia  bv  cdhilar  tissue.  the  medi; 
the  vein  selected  for  either  intravenons  iransfusion  or  ]thlcbotomy.      In  ■ 
vein.  ccrtain  ilangers  are  to  K'  avciided  :  n  )   \Vnimd  of  the  brachial 
results  in  a  direct  commiinication  t)et«<-<.-n  ihe  viin  and  arterv,  ivill  cai 
rismal  varix  :  if  it  results  in  the  fnrmatinu  nf  an  intervening  s.ic  in  the 
e  tissue,  thniiij;h  which  the  Hnnd  fmrii  iIr-  arterv  riows  befor* 


vem,  11 

gitis  from  infection  of  the  lymph-\ 

uxilary  absrcss.       (3)   Vv. 


I   .\  >ci 


Sfls 


vein,  and 
of  the 
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neous  nerve  (Iving  in  front  of  the  vcinj  may  give  rise  to  chronic  traumatic  neuritis 
(Tillaux),  whiie  injury  of  the  cutaneous  branches  of  the  muscuio-cutaneous  nerve 
(in  closer  relation  to  the  median  cephalic  vein ),  or  entanglement  of  thosc  branches 
in  the  cicatrix,  may,  by  reflex  irritation  acting  through  the  motor  fibres,  cause  tonic 
spasm  of  the  biceps  and  brachialis  anticus,  **bent  arm"  ( Hilton;. 

The  Arm.  — The  cephalic  vein  and  its  anomalies  should  he  studied  in  relation 
to  ligation  of  the  axillary  artery  (^q,v. ),  the  first  portion  of  which  it  crosses  (sepa- 
rated  from  it  by  the  clavi-pectoral  fascia),  on  its  way  to  reach  the  axillary  vein. 

It  may  be  remembered  that  the  basilic  vein  pierces  the  brachial  aponeurosis  a 
little  below  the  middle  of  the  arm  and  ceases  to  be  superficial. 

THE  AZVGOS  SVSTEM. 

The  principal  trunks  of  the  azygos  system  of  veins  are  persistent  portions  of 
the  embryonic  cardinal  veins  which  drained  the  thoracic  and  abdominal  \valls,  as  well 
as  the  paired  viscera  of  the  abdomen,  and  united  above  with  the  jugular  trunks  to 
form  the  Cuvierian  ducts  (page  926).  On  the  development  of  the  inferior  vena 
cava  their  importance  diminished  greatly,  and  in  the  adult  they  ser\'e  principally  to 
collect  the  blood  from  the  intercostal  spaces.  The  reduction  of  the  lower  part  of  the 
left  jugular  vein  (page  927)  brought  about  further  modifications  of  the  left  cardinal, 
its  original  connection  with  the  left  jugular  being  dissolved  and  a  new  one  formed 
with  the  right  cardinal.  This  latter  vein  forms  what  is  termed  the  azygos  vein  of  the 
adult,  while  what  persists  of  the  left  one  is  known  as  the  hemiazygos  and  accessory 
hemiazygos. 

The  Azvgos  Vein. 

The  azygos  vein  (v.  azjgos)  (Fig.  765).  sometimes  called  the  azyf^os  major, 
begins  immediately  below  the  diaphragm,  where  it  is  directly  continuous  with  the  right 
ascending  lumbar  vein,  formed  by  the  anastomosis  of  branches  of  the  lumbar  veins  and 
connecting  below  with  the  ilio-lumbar  or  common  iliac.  The  azygos  vein  passes  up- 
ward  into  the  thoracic  cavity,  traversing  the  diaphragm  either  by  the  cleft  beti*'een  the 
medial  and  intermediate  pK)rtions  of  the  right  crus  or  else  by  the  aortic  opening.  It 
then  continues  its  way  upward  in  the  posterior  mediastinum,  resting  upon  the  ante- 
rior  surfaces  of  the  bodies  of  the  thoracic  vertebrae  a  little  to  the  right  of  the  middle 
line,  passing  over  the  right  intercostal  arteries  and  having  the  thoracic  aorta  and  the 
thoracic  duct  immcdiately  to  the  left  of  it.  When  it  reaches  the  level  of  the  fourth 
vertebra  it  bends  forward  and  somewhat  to  the  right,  and,  curving  over  the  right 
bronchus  and  the  right  pulmonary  artery,  it  descends  slightly  to  open  into  the  pos- 
terior surface  of  the  sui>erior  vena  cava,  just  above  the  level  at  which  that  vessel 
becomes  invested  by  the  pericardium.  The  terminal  portion  of  the  vein  from  the 
fourth  vertebra  onward  is  sometimes  termed  the  azygos  arch. 

The  azvgos  vein  in  a  considerable  proportion  (22  per  cent.,  Gniber)  of  cases  is 
entirely  destitute  of  valves,  and  when  present  they  rarely  exce'ed  four  in  number,  are, 
apparently,  never  exactly  paired,  and  are  usuallv  insufficient.  They  occur  more  fre- 
quently  in  the  arch  than  in  the  vertical  portion  of  the  vein. 

Tributaries. — The  azvgos  vein  at  its  origin  has  usually  some  small  connections 
with  the  vena  cava  inferior,  but  its  principal  tributaries  are  the  right  intercostal  veins. 
In  addition  it  receives  branches  from  the  oesophagiis  (vv.  oesophageae),  from  the  are- 
olar  tissue  and  Ivmph-nodes  of  the  posterior  mediastinum  and  from  a  plexus  which 
surrounds  the  thoracic  aorta,  from  the  posterior  surface  of  the  pericardium,  and  from 
the  substance  of  the  right  lung,  these  last  bronchial  veins  (vv.  bronchiales  posteri- 
ores )  issuing  from  the  hilum  of  the  lung  and  opening  into  the  azvgos  at  the  beginning 
of  its  arch.  They  anastomose  with  the  pulmonary  veins  hoth  along  the  course  of  the 
smaller  bronchi  and  also  outside  the  lung,  and  they  receivc  some  smaller  bronchial 
veins  ivv.  bronchiales  anteriores)  situated  upon  the  anterior  surface  of  the  bronchi. 
The  azvgos  vein  furthermore  receives  the  hemiazygos  vein  ;  this  and  the  intercostal 
veins  \viil  he  clescribed  below. 

Variations. — Since  the  cardinal  veins,  from  \vhich  the  azvjjos  and  ht*miazygos  are  formed, 
are  primarilv  svninietrical.  it  niav  hap|XMi,  just  ius  \vas  the  čase  vvith  the  «iortic  arches,  that  it  is 
the  left  one  that  is  more  fuily  retalned  and  therefore  l)econies  the  azvgos  vein,  the  right  becominjc 
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the  hemiar>'gos.  Occasionany,  instead  of  opening  into  the  superior  vena  cava,  the  az>'gos 
terminates  in  the  right  subclavian,  the  right  innominate  vein,  or  even  opens  directly  into  the  right 
auricle.  A  further  anomaly  is  soinetimes  presented  by  the  azygos,  in  its  upper  part,  being  situated 
at  the  bottom  of  a  deep  groove  upon  the  surface  of  the  right  Tung,  whicn  thus  comes  to  have  an 
accessory  lobe  known  as  the  azygos  lobe  or  lobule. 

Practical  Considerations. — The  azygos  veins  are  the  connectinjj^  links  be- 
tween  the  cardinal  and  the  inferior  ca  val  systems.  In  cases  of  obstruction  of  the 
inferior  cava  they  are  able  to  carry  on  the  collateral  circulation  very  ef!ectively, 
through  their  communication  with  the  common  iliac,  renal,  lumbar,  and  ilio-lumbar 
veins.  Growths  in  the  posterior  mediastinum,  enlarged  bronchial  glands,  or  aortic 
aneurisms  may  so  compress  these  veins  as  to  cause  oedema  of  the  chest  wall  by 
interference  with  the  intercostal  veins  which  enipty  into  them. 

The  Hemiazvgos  Vein. 

The  hemiazygos  vein  (v.  hemiazvgos)  (Fig.  765),  also  called  the  azygos  minor 
inferior^  is  the  counterpart,  on  the  left  side  of  the  body,  of  the  lower  part  of  the  azygos. 
It  arises  just  belovv  the  diaphragm  as  the  continuation  upward  of  the  left  ascending 
lumbar  vein  (page  901),  also  receiving  usually  a  communicating  branch  from  the  left 
renal  vein.  It  passes  upward  into  the  thorax  bet\veen  the  medial  and  iittermediate 
portions  of  the  left  crus  of  the  diaphragm,  and  then  ascends  upon  the  left  side  of  the 
bodies  of  the  lower  thoracic  vertebrte,  passing  in  front  of  the  lovver  left  intercostal 
arteries  and  having  the  thoracic  aorta  to  its  right.  At  about  the  level  of  the  eighth 
or  ninth  vertebra  it  bends  towards  the  right  and,  passing  behind  the  aorta  and  the 
cesophagus,  opens  into  the  azvgos  vein. 

In  its  course  it  receives  the  lower  five  or  four  left  intercostal  veins,  which  con- 
stitute  its  principal  tributaries,  and  in  some  cases  it  also  receives  the  accessorj'  hemi- 
azygos  vein.  It  also  receives  some  branches  from  the  cesophagus  and  from  the 
posterior  mediastinum. 

The  Accessorv  Hemiazvgos  Vein. 

The  accessory  hemiazygos  vein  (v.  hemiazvf^os  accessoria)  (Fig.  765),  also  called 
the  azygos  minor  superior,  is  a  descending  stem  \vhich  lics  upon  the  left  side  of  the 
bodies  of  the  upper  thoracic  vertebra?  and  receives  the  upper  left  intercostal  veins.  It 
begins  above  at  about  the  second  intercostal  space  by  the  union  of  a  small  vein,  which 
connects  it  with  the  left  innominate,  with  the  left  superior  intercostal.  \Vhen  it  has 
reached  the  level  of  the  seventh  or  eighth  thoracic  vertebra  it  bends  to  the  right  and, 
passing  beneath  the  aorta  and  the  cesophagus,  opens  into  the  azygos  vein.  Quite 
frequently  it  opens  belovv  into  the  hemiazygos  just  as  that  vein  bends  towards  the 
right,  and  even  when  it  has  an  independent  connection  \vith  the  azygos  it  may  be 
connected  with  the  hemiazvgos  by  an  anastomotic  branch. 

It  receives  the  upper  seven  or  eight  left  intercostal  veins  and  in  addition  the  left 
posterior  bronchial  vein. 

Variations. — The  hemiazvgos  and  accessorv  hemiazvgos  veins  together  represent  the  left 
cardinal  vein  of  the  embr\-o  vvhich  primarilv  onened  into  the  left  Cuvierian  diict.  \Vith  the  dis- 
appearance  of  the  lo\ver  part  of  the  left  jugular  vein  the  relations  of  the  left  cardinal  change, 
the  vein  making  a  connection  across  ihe  middle  line  with  the  right  cardinal  (the  azvgos^.  Indi- 
cations  of  the  original  condilion  are  occasionallv  seen  in  a  fibrous  cord  \vhich  connects  the  left 
sujKfrior  intercostal  vein,  \vhich  is  slrictlv  a  portion  of  the  accessory  hemiazvgos,  vn\\\  the 
oblique  vein  of  the  left  auricle  »page  856 K 

As  alreadv  pointed  oiit  in  spi*aking  of  variations  of  the  az\'gos.  cases  have  l^een  ohser\*ed 
in  which  the  hemiazvgos  and  accessorv  hemiazvgos  ocair  njvin  the  right  side  of  the  bodv,  l>eing 
formed  from  the  right  cardinal,  uhile  the  left  cardintil  gives  rise  to  the  azvgos.  And  more 
rarely  the  tu  o  \fins  have  iK-en  ol>ser\ed  fused  to  form  a  single  tmnk  Iving  iii^on  the  anterior 
surface  of  the  thoracic  vertebra*  and  receiving  aH  the  intercostal  arteries. 

\  considerable  amonnt  of  variation  exists  in  the  numl)er  of  intercostal  veins  received  by  the 
hemi;izygos  and  the  accessor\'  hemiazvgos  respi*ctively.  L'siially  thev  divide  bet\veen  them  the 
interc(3Stals,  since  thev  either  unite  or  cross  the  median  line  to  the  ;izygos  over  successive 
vertebrre.  The  hemiazvgos  has  l)een  ol)served  to  cross  the  vertebral  colunm  any\vhere  from  the 
sixth  to  the  eleventh  vertebra.  and  the  accessorv-  mav  descend  as  far  as  the  tenth  or  may  (toss  at 
the  third.     In  cases  \vhere  it  makes  its  crossing  high  up  a  numbiT  of  intercostal  spaces  mav  inter- 


896  HUMAN   ANATOM Y. 

vene  between  it  and  Ihe  heniiazygos,  and  the  veins  of  these  then  open  directly  into  the  az>'gi>s, 
passing,  each  independently,  across  the  vertebral  colunin  beneath  the  aorta  and  cisopha};^^. 
Absence  of  the  accessory  hemiazygos  has  been  observed,  the  upper  six  or  eight  inter- 
costal  veins  uniting  to  form  a  common  ascending  trunk  which  ojKins  mto  the  left  innominate. 
In  aH  probability,  however,  this  common  ascending  stem  is  proix;rly  to  be  regarded  as  the 
accessory  hemiazygos,  \vhose  normal  connection  with  the  innominate  has  increased  in  size  u  hile 
its  connection  \vith  the  azygos  or  hemiazygos  has  eitlier  degenerated  or  failed  to  form. 

The  Intercostal  Veins. 

The  intercostal  veins  (vv.  intercostales)  (Fig.  765),  sometimes  designated  as 
posterior  intercostal  as  distinguished  from  the  anterior  intercostal  tributaries  of  the 
internal  manimary  vein,  accompany  the  intercostal  arteries  and  are  twelve  in  number 
on  each  side,  one  occurring  in  each  intercostal  space  and  one,  sometimes  tcrmed  the 
subcostal  vein,  running  along  the  lower  border  of  each  twelfth  rib.  They  lie  along 
the  upper  border  of  the  spaces  to  which  they  belong,  in  a  groove  on  the  lower  border 
of  the  rib,  and  are  above  the  corresponding  arteries.  The  upper  nine  or  ton  veins 
open  anteriorly  into  the  internal  mammary  or  musculo-phrenic  veins,  but  the  lowcr 
three  or  two,  vvhich  are  somewhat  larger  than  the  rest,  have  no  anterior  communica- 
tion  and  receive  tributaries  from  the  abdominal  muscles  and  the  diaphragm.  In  the 
middle  portion  of  thcir  course  the  upper  six  or  seven  veins  give  off  branches,  the 
costo-axillary  veins,  vvhich  ascend  towards  the  axilla  and  open  into  either  the  long 
thoracic  or  the  thoraco-epigastric  vein  and  so  into  the  axillary,  and,  as  it  approaches 
the  vertebral  colunin  behind,  each  vein  reccives  a  dorsal  branch  (ramus  dorsalis)  which 
accompanies  the  spinal  branch  of  the  intercostal  artery  and  returns  the  blood  from  the 
skin  and  muscles  of  the  back  and  also  from  the  spinal  column  and  its  contents,  this 
latter  drainage  being  by  means  of  a  spinal  branch  (ramus  spinalis)  which  connects 
with  the  inter\'ertebral  veins  (page  898). 

Their  posterior  termination  varies  considerably  in  different  individuals,  es[>ecial]y 
as  regards  the  upper  members  of  the  serics.  It  may  be  supposed  that  primarily  ali 
the  intercostal  veins  of  the  right  side  opened  into  the  azygos  vein  and  ali  of  those  of 
the  left  side  into  the  hemiazygos  or  accessory  hemiazygos,  and  this  condition  holds 
in  the  adult  with  ali  but  the  upper  two  or  three  veins.  On  the  right  side  the  vein 
of  the  first  space — that  of  the  second  space  sometimes  uniting  with  it — frequently 
accompanies  the  superior  intercostal  artery  as  a  right  superior  intercostal  vein, 
and  opens  above  into  either  the  right  innominate  or  one  of  its  branches,  usually  the 
vertebral ;  on  the  left  side  the  vein  of  the  first  space  opens  into  the  left  innominate  vein. 
being  sometimes  termed  the  acccssorjr  left  superior  intercostal  vein,  while  the 
veins  of  the  second,  third,  and  sometimes  the  fourth  spaces  unite  to  a  comifion  tnink 
vvhich  crosses  the  arch  of  the  aorta  and  opens  into  the  left  innominate  vein,  forming 
the  left  superior  intercostal  vein.  It  is  to  be  noted  that  this  last  i^  cx)nnectcd 
with  the  accessory  hemiazygos  vein  and  really  represents,  in  part  at  least,  its  upper 
portion, — a  fact  vvhich  is  ali  the  more  evident  from  its  frequent  connection  by  means 
of  a  fibrous  cord  with  the  oblique  vein  of  the  left  auricle  ;  and,  furthermore,  it  mav 
also  be  pointed  out  that  the  veins  of  the  second,  third,  and  sometimes  the  fourth  spaces 
of  the  right  side  usually  unite  to  a  common  trunk  which  opens  into  the  azygos 
vein. 

The  principal  tributaries  and  connections  of  the  intercostal  veins  have  already 
been  mentioned,  but  there  remain  to  be  described  the  interesting  arrangement  shown 
by  the  valves  in  those  veins  which  connect  anteriorly  vvith  the  internal  mamniary  or 
musculo-phrenic  veins.  So  far  as  this  arrangement  is  concemed,  each  vein  mav  be 
regarded  as  consisting  of  three  portions  :  ( i )  an  anterior  portion,  in  v*'hich  the  con- 
cavitic-s  of  the  valves  look  towards  the  internal  mammary  or  musculo-phrenic  veins  : 
(2  )  a  posterior  f)ortion,  in  \vhich  the  valves  look  tovvards  the  azygos  or  hemiazygos 
veins  ;  and  (3  )  an  intcrmediate  portion.  vvhich  is  destitute  of  valves.  As  a  result  of 
this  arranv^tnuMit  the  blood  of  the  anterior  portion  of  each  vein  must  pass  to  the  internal 
maniniarv  veins  (|)agr  860),  that  of  the  posterior  portion  to  the  azygos  or  hemiazvgos, 
vvhili*  in  the  interniediate  portion  it  mav  pass  in  either  direction.  But  it  is  with  this 
intirmcdiate  portion  that  the  costo-axillary  veins  are  connected,  so  that  in  the  upper 
six  or  seven  veins.  in  ad(liti<^n  to  passing  partlv  anteriorlv  and  partly  posteriorly,  some 
of  the  blood  takes  an  ascending  directi<Mi  and  empties  into  the  axillary  vein. 
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In  the  two  or  three  lower  veins  there  is  no  such  double  flow,  the  val  ves  ali 
looking  tovvards  the  azygos  veins.  Valves  occur  at  the  opening  of  practically  ali  the 
intercostals  in  to  the  azygos  veins,  the  last  intercostal  form  ing  an  exception  to  this 
nile,  and,  furthermore,  the  valves  of  the  lower  veins  are  apt  to  be  insufficient 

The  Spinal  Veins. 

The  spinal  veins,  which  return  the  blood  from  the  vertebral  column  and  the 
adjacent  muscles  and  also  from  the  membranes  enclosing  the  spinal  cord,  present  in  a 
high  degree  the  plexiform  arrangement  which  is  characteristic  of  the  veins  as  com- 
pared  with  the  arteries.  Thev  form  a  series  of  longitudinal  plexuses  which  extend 
practically  the  entire  length  of  the  spinal  column,  communicating  extensively  with  one 
another,  and  may  be  divided  primarily  into  those  which  lie  external  to  the  spinal 
canal  and  those  which  lie  within  the  canal. 

The  external  spinal  plexuses  (plexus  venosi  vertebrales  exter]ii)  are  t\^'o  in 
number,  anterior  and  posterior.  The  atiterior  external  plexus  (plexus  venosus 
vertebralis  anterior)  rests  upon  the  anterior  surfaces  of .  the  bodies  of  the  vertebrae, 
and  presents  considerable  differences  in  the  amount  of  its  complexity  in  different 
portions  of  the  spinal  column.  In  the  thoracic  and  lumbar  regions  it  forms  a  net- 
work  with  large  meshes,  in  the  sacral  region  it  is  represented  by  transverse  anasto- 
moses  between  the  lateral  and  middle  sacral  veins,  and  in  the  cervical  region  it  reaches 
its  gjeatest  degree  of  complexity,  forming  a  close  net-work,  especially  dense  above 
and  resting  partlv  upon  the  bodies  of  the  vertebrae  and  partly  upon  the  longus  coUi 
muscles.  At  each  intervertebral  foramen  the  plexus  cominunicates  with  the  veins 
issuing  from  the  internal  spinal  plexuses  and  also  with  the  posterior  extemal  plexus, 
and  in  addition  sends  branches  to  the  vertebral  veins  in  the  cervical  region  and  to 
the  rami  spinales  of  the  intercostal  and  lumbar  veins  in  the  corresponding  regions. 

The  posterior  e.vternal  pie.vuses  ( plexus  venosi  vertebrales  posteriores )  lie  partly 
upK>n  the  posterior  surfaces  of  the  laminae  of  the  vertebne  and  the  lig^menta  subflava 
and  partly  between  the  deeper  dorsal  muscles.  As  in  the  čase  of  the  anterior  plexus, 
they  are  more  complicated  in  the  cervical  than  in  the  thoracic  and  lumbar  regions. 
In  the  latter  their  meshes  are  somewhat  elongated  longitudinallv,  and  they  communi- 
cate  with  the  internal  plexuses  at  the  inter\'ertebral  foramina  and  also  by  branches 
which  traverse  the  ligamenta  subflava,  and  they  have  further  Communications  with 
the  anterior  external  plexus  and  \vith  the  spinal  rami  of  the  intercostal  and  lumbar 
veins.  In  the  cervical  region,  in  correspondence  \vith  the  greater  differentiation  of 
the  dorsal  musculature,  the  plexuses  become  divided  into  several  layers,  and  in  the 
region  between  the  occiput  and  the  axis  vertebra  their  deep  lavers  form  an  esf)ecially 
dense  net-work,  the  suboccipital  plexus,  with  which  the  occipital,  vertebral,  deep 
cervical,  and  posterior  external  jugular  veins  communicate.  Throughout  its  course 
the  cervical  portion  of  the  plexus  communicates  with  the  internal  and  anterior  ex- 
temal  plexuses  and  also  with  the  vertebral  vein. 

The  internal  spinal  plexuses  (plexus  venosi  vertebrales  interni)  are  situated  in 
the  dura  mater  lining  the  spinal  canal  and  are  much  closer  than  the  extenial  plexuses, 
The  veins  which  form  them  have  a  general  longitudinal  dircction  and  anastomose 
abundantly,  but  neverthcless  four  subordinate  longitudinal  lines  of  vessels  can  be 
recognized,  t\vo  of  \vhich  are  upon  the  anterior  wall  of  the  spinal  canal  and  two  u|X>n 
the  posterior  wall. 

The  anterior  internal  plexnses  lie  one  on  each  side  of  the  median  line  on  the 

f)Osterior  surfaces  of  the  bodies  of  the  vertebrae  and  the  intervertebral  disks,  from  the 
oramen  magnum  to  the  sacral  region.  They  are  composed  of  rather  large  veins, 
between  which  are  frcquent  anastomoses,  and  transverse  connecting  vessels  run  across 
the  body  of  each  vertebra  betvveen  the  two  plexuses,  passing  beneath  the  p>osterior 
common  vertebral  ligament.  Into  these  transverse  connections  open  the  basivertcbra! 
veins  (y\\  basivcrtebrales )  which  return  the  blood  from  the  bodic*s  of  the  vertebrae, 
traversing  these  to  a  certain  extent  to  communicate  with  the  anterior  extemal  plexus. 
The  anterior  internal  plexuses  also  communicate  opposite  each  vertebra  with  the  pos- 
terior internal  plexuses,  rings  of  anastomosing  veins  thus  surrounding  the  spinal  canal 
opposite  each  vertebra  and  constituting  what  are  termed  the  retia  venosa  vertebraram. 
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pancrcas,  and  spleen  ;  aml  ihose  from  the  lotter  limb.     It  receives  its  name  from  ils 
principa!  vessel,  ihe  inferior  \ena  cava,  which  conveys  its  blood  to  the  righl  auricle. 

The  Inkerior  Vena  Cava. 

The  inierior  or  ascending  vena  cava  (vena  cava  inferior)  (Figs.  765.  766)  is  formed 
hy  the  union  nf  the-  lwo  common  lliitc  veins  either  on  the  right  side  of  the  intervertebral 
disk  separating  the  fonrlh  and  fifth  lumbjir  vertebrs  or  on  the  right  side  of  the  tifth 
lumbar  vertebra.     From  this  point  it  ascends  directly  upviard  to  the  tevel  of  the  first 

Fig.  766. 


lumbar  \ertrbra  atid  ihcrt-  bi-giiis  to  l)end  slightlv  to  the  right  to  reach  the  fissure 
of  the  liver  »hith  se[)arati-s  the  Spigelbn  and  right  lolies.  Passing  tipward  in  this 
tissiire,  it  reachL-s  the  <liaj)hragm  aml  (K-rforates  the  left  lobe  o(  the  ci-nlrum  tendineum 
of  that  stnictiirc.  so  cmt-ring  the  cavitv  "(  the  thorax,  then  bends  siightij-  forward  and 
to  the  Icft,  and  niM-ns  into  the  li)wer  and  Imck  part  of  the  right  auricle  of  the  htart. 
It  is  the  ItrgfSt  vem  nf  the  lxidy.  im-iL-iuring  at  its  eiitranee  into  the  auricle  a)K>ut 
33  nun,  in  dianietir.  It  increasi-s  in  size  from  beltnv  nj>ward  «ith  the  acces-siun  of  its 
various  irilnitaries,  sonnAvhat  sudden  increjises  sncceeding  the  entnince  into  it  of  its 
largest  trilmlaries.  the  fena!  aml  hejKitic  veins.  It  contains  no  valves,  unicss  the 
EuMachian  \  alve  guarding  its  entrance  into  the  auricle  Vn:  regarded  as  belonging  to  it. 
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Relations. — For  convenience  in  description  the  vena  cava  inferior  may  be 
regarded  as  consisting  of  an  abdominal  and  a  thoracic  fK)rtion.     The  former,  M-hich 
constitutes  by  far  the  greater  part  of  its  length,  has  the  following  relations.      Poste- 
rforly  it  rests  upon  the  right  side  of  the  lumbar  vertebrae,  upon  the  origins  of  the 
psoas  major  and  minor  muscles,  and  above  upon  the  right  crus  of  the  diaphragm  ; 
it  crosses  in  its  course  the  right  lumbar  and  right  renal  arteries.     Medially  it  b  in 
close  relation  with  the  abdominal  aorta  throughout  the  greater  portion  of  its  course, 
but  separates  from  it  slightly  above,  the  right  crus  of  the  diaphragm  intervening. 
Laterally  it  is  in  contact  with  the  psoas  major  muscle  below,  and  at  about  the  middle 
of  its  course  it  is  in  close  relation  with  the  inner  border  of  the  right  kidney.     Ante- 
riorly  it  is  covered  at  its  origin  by  the  right  common  iliac  artery  and  in  the  lower 
part  of  its  course  by  |>eritoneum.     At  the  level  of  the  third  lumbar  vertebra  it  lies 
beneath  the  third  portion  of  the  duodenum,  and  immediately  above  that  beneath  the 
head  of  the  pancreas  and  the  main  stem  of  the  pK>rtal  vein,  which  crosses  it  obliquely. 
Finally,  it  lies  in  the  vena  caval  fissure  of  the  liver,  having  to  the  right  the  right 
lobe  and  to  the  left  the  Spigelian  lobe,  and  being  sometimes  completely  surrounded  by 
liver-tissue,  owing  to  a  thin  portion  of  it  bridging  over  the  fissure.     Throughout  this 
part  of  its  course  it  is  firmly  united  to  the  walls  of  the  fissure  by  fibrous  bands. 

In  its  thoracic  portion,  which  is  quite  short,  measuring  not  more  than  3  cm.  in 
length,  it  is  in  relation  at  first  with  the  nght  lung  and  pleura,  and  in  the  upper  part 
is  enclosed  for  about  i .  2  cm.  in  the  pericardium. 

Variations. — The  development  of  the  inferior  vena  cava  (page  927)  shows  it  to  be  formed 
by  Ihe  union  of  three  primarily  distinct  structures.  Its  upper  part,  between  the  entrance  of  the 
hepatic  veins  and  the  right  auricie,  is  the  upper  part  of  the  embryonic  ductus  venosus,  then  fc>l- 
lows  a  considerable  portion  derived  from  the  right  subcardinal  vem,  and.  finally,  its  lower  part  is 
formed  from  the  right  cardinal  vein.  Of  these  embryonic  veins  the  ductus  venosus  is  UDpaired, 
the  other  two  are  the  right  members  of  paired  veins,  uhose  fellows  undergo  almost  complete 
degeneration. 

Anomalies  of  the  vena  cava,  uhich  are  not  uncommon,  are  for  the  most  part  explicable  as 
a  persistence  or  modification  of  the  embr>onic  conditions.  Thus,  that  p)ortion  of  the  vessel  which 
is  formed  from  the  right  subcardinal  and  right  cardinal  may  fail  to  develop,  in  uhich  čase  uhat 
is  termed  a  ix?rsistence  of  the  cardinals  occurs.-  Up  to  a  F>oint  above  the  level  of  the  renal  veins 
the  vena  cava  is  represented  by  t\vo  parallel  trunks  lying  one  on  either  side  of  the  aorta,  the  one 
receiving  the  right  common  iliac  vein  and  the  other  the  left  These  represent  the  abdominal 
portions  of  the  cardinal  veins  or,  in  the  majority  of  cases,  more  probably  the  subcardinals,  and  unite 
above  with  the  unpaired  ductu»  venosus.  which  carries  their  blood  to  the  heart  In  other  uords, 
such  cases  are,  as  a  rule,  to  be  regarded  iis  a  similar  development  of  both  subcardinal  veins. 

Occasionally,  however.  the  development  of  the  right  subcardinal  to  form  the  vena  cava 
may  proceed  as  usual,  but  it  fails  to  make  a  connection  uith  the  ductus  venosus,  one  of  its  con- 
nections  uith  the  right  cardinal  eniarging  so  that  this  vein  receives  the  caval  blood.  carries  it 
through  the  aortic  opening  of  the  diaphragm,  and.  as  the  az>'gos  vein.  empties  it  into  the  superior 
vena  cava.  The  hepatic  veins  o|K-n  as  usual  into  the  ductus  venosus.  unich  passes  to  the  right 
aiirick'  in  the  normal  manner,  and  the  vena  cava  inferior  is  thus  represented  by  two  distinct  veins, 
the  up|K-r  part  of  the  ductus  v(rnf)sus.  uhich  in  such  cases  is  termed  the  common  hepatic  vein  (r. 
hepatiai  communis ),  an<l  the  sulKrardinal  and  cardinal  portion. 

Anothcr  variation  may  Ik«  prcnluced  by  a  reversaf  of  the  r61es  of  the  two  subcardinals  tn 
forming  lh<-  vena  cav;i,  tli<*  l<-ft  In-ing  the  one  uhich  develops,  u'hile  the  right  degenerates. 
Such  a  condition  is  founci  in  ail  (hm-s  of  situs  inversus  viscerum,  but  it  has  also  been  observed 
in  cas(*s  in  uhich  then-  uas  oth<-ruis<-  a  norma!  arrangement  of  the  organs.  In  such  cases  the 
vena  cava  in  the  l<>u«r  part  of  its  course  lies  to  the  left  of  the  aorta  instead  of  to  the  right,  and  at 
the  level  of  the  niia!  art<ri«-s  it  c  ross<s  to  the  right  side  in  front  of  the  aorta,  its  further  course 
l)eing  normal.  Hul  jiisl  as  th«-  lout-r  part  f)f  the  inferior  vena  cava.  u'hen  normally  formed  from 
tht.'  right  sul)car(linal,  niay  fail  to  unite  with  the  ductus  venosus  but  retain  its  primar>' comiectk>n 
uith  th<-  a/ygos,  so.  t(M),  uh<-n  form<*(l  from  the  left  sulx:ardinal,  it  may  retain  its  connection  with 
the  hennazygos  and  drain  through  that  vc*ssel  into  the  azygos  and  so  into  the  superior  vena  cava. 

These  various  ca.s<-s  inchide  the  principal  variations  uhich  occur  in  connection  »vith  the 
vena  <\'iva  inferior.  It  inav  Ih.-  pointed  out  that  normally  connections  exist  between  the  az>'gos 
vein  and  th<*  vena  cava  Ih-Iou  the  diai)hragni  ;  by  means  of  the  ascending  lumbar  veins,  and 
also  by  the  thoraco-epigastric  veins,  connection  is  established  between  tributaries  of  the  inferior 
cava  and  the  extemal  iliac  veins.  and  the  axillary  vein.  By  means  of  these  normallv  subordinate 
channels  opi)ortunity  is  afforded  for  the  maintenance  of  the  circulation  in  čase  of  obliteration  di 
the  vena  cava. 

Practical  Considerations. — The  inferior  cava  may  be  ruptured  in  severe 
abdominal  injurics,  as  in  the  čase  of  a  weight  falling  upon,  or  a  wagon  passing  over, 
the  belly.     The  site  of  rupture  is  most  often  in  the  portion  lying  in  the  hepatic 
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^.ssure.  Its  relation  to  the  right  psoas  major  muscle  has  resulted,  in  cases  of  psoas 
abscess,  in  ulceration  and  opening  of  the  vein,  with  fatal  hemorrhage.  Its  relation 
to  the  inner  border  of  the  right  kidney  has  resulted  in  its  compression  by  a 
movable  kidney,  or  by  a  cancerous  growth  of  the  kidney,  causing  caval  thrombosis, 
a  condition  which  has  also  been  noted  in  connection  with  chronic  nephritis  and 
with  infarction  of  the  renal  parenchynia.  Its  relation  to  the  liver  results,  in 
some  cases  of  hepatic  enlargement,  in  compression  of  the  vena  cava  with  cedema 
of  the  lower  limbs,  and  other  symptoms  of  obstruction.  Its  close  proximity  to 
the  lower  end  of  the  bile-duct  necessitates  caution  in  cutting  operations  for  the 
removal  of  impacted  stones  from  the  duct  ('choledochotomy')  (page  1732).  Enlarge- 
ment or  growth  involving  the  head  of  the  pancrcas  may  compress  the  cava 
sufficiently  to  cause  obstructive  symptoms,  and  the  nearness  of  the  vein  constitutes 
one  of  the  very  serious  obstacles  to  removal  of  pancreatic  tumors.  In  ureterotomy 
or  other  operation  on  the  right  ureter,  the  close  relationship  of  the  vena  cava  at 
the  point  of  crossing  should  be  remembered.  Thrombosis  of  the  cava,  from 
whatever  cause,  though  it  may  extend  the  entire  length  of  the  vessel,  is  apt  to 
be  limited  to  a  portion  of  the  vessel,  as  that  between  the  renal  veins  and  the 
auricle,  or  that  extending  from  the  iliac  veins  to  the  renal  veins.  The  collateral 
circulation  after  occlusion  may  be  carried  on  through  the  saphenous,  superficial 
abdominal,  spermatic,  pudic,  and  deep  epigastric  veins,  and  the  obturator,  inferior 
mesenteric,  external  iyammary,  and  azygos  veins. 

Tributaries. — In  addition  to  the  common  iliac  veins  bv  \vhose  union  it  is 
formed,  the  vena  ca\'a  inferior  receives  a  number  of  tributaries  from  the  abdominal 
twalls  and  organs.  These  may  be  arranged  into  two  groups  according  as  they  drain 
ih^  parietes  of  the  abdomen  (radices  parietales)  or  its  viscera  ( radices  viscerales).  Of 
the  former  there  are  :  (i)  the  inferior phraiic  and  (2  )  the  lumbar  veins,  and  of  the 
latter  (3)  the  hepatic,  (4)  the  renal,  (5)  the  suprarcnal,  and  (6)  the  spemiatic  or 
avarian  veins. 

1.  The  Inferior  Phrenic  Vein. — The  inferior  phrenic  fv.  phrenica  inferior) 
is  a  paired  vein  which  corresponds  to  the  similarly  named  arterv.  It  is  formed  by 
the  union  of  a  number  of  tributaries  which  ramifv  upon  the  under  surface  of  the 
diaphragm,  and  opens  into  the  vena  cava  just  before  it  f>asses  through  the  diaphragm. 
It  receives  tributaries  from  the  upper  portion  of  the  suprarenal  capsule,  and  the  left 
vein,  by  the  enlargement  of  an  anastomosis  of  its  suprarenal  tributaries  with  the 
suprarenal  vein,  may  open  through  the  latter  into  the  left  renal  vein.  The  right 
vein  occasionallv  opens  into  the  right  hepatic  vein. 

2.  The  Lumbar  Veins. — The  lumbar  veins  ( vv.  Itimbales)  are  usually  four  in 
number  on  each  side,  and  accompany  the  corres|X)nding  arteries,  Iving  above  them. 
They  resemble  closely  in  their  relations  and  tributaries  the  intercostal  veins,  of  which 
they  are  serial  homologues.  Each  vein  arises  in  the  muscles  of  the  abdominal  wall 
and  passes  backuard  and  in\vard  to\vards  the  vertebral  column,  piu^sing  beneath  the 
psoas  muscle.  Shortlv  before  reaching  the  vena  cava  it  receives  a  ramus  dorsalis. 
This  has  its  origin  in  the  dors;U  integument  and  muscles,  communicating  with  the 
fK)sterior  external  spinal  plcxus,  and  receives  a  ramus  spinalis  \vhich  communicates 
with  one  of  the  lumbar  intervertebral  veins  and  so  \vith  the  internal  spinal 
plexuses.  The  veins  then  continue  their  course  to\vards  the  vena  cava,  those  of  the 
left  side  passing  l>encath  the  alnlominal  aorta,  and  thev  open  into  the  |X)sterior 
surface  of  the  vena  cava. 

As  it  passes  upon  the  lateral  surface  of  its  corresponding  lumbar  vertebni,  each 
of  the  three  lo\vc*r  voins  is  connected  \vith  the  one  alx)ve  by  an  ascending  stem,  \vhich 
also  places  the  lo\vcst  vein  in  communication  \vith  the  ilio-lumbar  or  the  common  iliac 
vein,  while  from  the  uppernK^st  vein  it  is  continued  on  upNvard  to  join  \vith  the  azvgos 
or  hemiazvgos  as  thr  rase  niav  be.  This  ascending  stem  is  the  ascending  lumbar 
vein  (v.  lumbalis  asccndens),  and  is  of  especial  interest  as  forming  an  important 
collateral  channel   hetueen  the  inferior  and  superior  venit  cav«e. 

R;ich  lumbar  \ein  |)ossesses  one  or  t\vo  val  ves  in  its  course.  and  sometimes 
also  valves  at  its  entranc  e  into  the  vena  cava.  The  concavities  of  these  valves  are 
directed  touards  the  vena  cava,   but  the  valves  are  nearly  always  insufficient  and 
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5.  The  Middle  Suprarcnal  Vcins.  —  The  middle  suprarenal  vcins  (vv. 
suprarenales)  are  the  principal  veins  of  the  suprarenal  bodies,  from  which,  however, 
the  suf)erior  suprarenals,  emptying  into  the  phrenics,  and  the  inferior,  opening 
into  the  renals,  also  arise.  Elach  vein  occupies  a  groove  on  the  anterior  surface 
of  the  suprarenal  body,  and  descends  obliquely  inward  to  open  on  the  right 
side  into  the  inferior  vena  cava  above  the  right  renal,  and  on  the  left  side  into  the 
left  renal. 

6a,  The  Spermatic  Vcins. — The  spermatic  veins  (vv.  spcrmaticae)  begin  at 
the  ihternal  abdominal  ring,  whence  they  pass  upward  and  in\vard  along  with  the 
spermatic  arteries  and  are  the  continuation  upward  of  the  venous  plexuses  which 
surround  the  spermatic  cords. 

Elach  of  these  plexuses  has  its  origin  in  the  tcsticular  veins  (vv.  testiculares) 
which  return  the  blood  from  the  tunica  albuginea  testis  and  from  the  seminiferous 
tubules,  these  latter  branches  passing  towards  the  hilum  of  the  organ  in  the  trabeculae. 
They  make  their  exit  from  the  testis  at  about  the  middle  of  its  superior  border,  and 
are  joined  ver>'  shordy  by  the  veins  of  the  epididymis.  They  are  then  continued 
up  the  spermatic  cord  in  the  form  of  from  ten  to  twenty  flexuous  stems,  which 
anastomose  abundantly  to  form  what  is  termed  the  pampiniform  plexus  (plexus 
pampiaiformis),  surrounding  the  spermatic  artery.  As  the  cord  enters  the  inguinal 
canal  the  plexus  is  reduced  to  some  three  or  four  stems,  \vhich,  at  the  intemal 
abdominal  ring,  become  the  spermatic  veins. 

These  are  two  or  three  stems  which  anastomose  abundantly  with  one  another 
and  consequentiy  present  a  plexiform  arrangement.  They  surround  the  abdominal 
portion  of  the  spermatic  artery  and,  shortly  before  reaching  their  temiination,  unite 
to  a  single  stem,  vvhich  on  the  right  side  opens  at  an  acute  angle  into  the  vena  cava 
inferior  belovv  the  right  renal  vein,  while  on  the  left  side  it  opens  almost  at  a  right 
angle  into  the  lower  border  of  the  left  renal  vein. 

The  spermatic  veins  proper  possess  no  valves,  except  that  there  is  usually 
a  j>air  at  the  entrance  of  the  right  vein  into  the  vena  cava.  In  the  stems  of  the 
|)ampiniform  plexus,  however,  valves  are  usually  to  be  found,  but  they  are  very 
frequently  insufficient. 

Tributaries. — The  spermatic  veins  receive  a  ureteric  branch  from  the  lower  part  of  the 
ureter  and  also  peritoneal  branches  and  renal  branches  from  the  adip>ose  capsule  of  that  organ. 
In  the  scrotum  the  pampiniform  plexus  makes  connections  \vith  the  branches  of  theextemal  pudic 
veins,  and  at  their  entrance  into  the  e.\temal  abdominal  rinj^  the  two  plexuses  of  opp)osite  sides 
are  connected  by  transverse  anastomoses  \vhich  pass  in  front  of  the  symphysis  pubis.  A  deeper 
transverse  anastomosis  also  occurs  bet\veen  the  t\vo  six*miatics  as  the  v  emerge  from  the  intemal 
abdominal  rings.  and  ihev  communicate  by  means  of  their  |x^ritoneal  branches  unth  the  branches 
of  the  right  and  left  colic  veins. 

Variations. — ( K:casionally  the  left  vein  as  well  as  the  rij^ht  oiK^ns  directlv  into  the  vena  cava, 
and  in  cases  in  uhich  that  vessel  is  situated  U[x>n  the  left  side  it  is  the  left  vein  uhich  opens 
directly  into  it,  the  right  one  ojK-ning  into  the  right  renal  vein.  They  communicate  sometimes  on 
one  side  or  the  olher  vvith  a  hnnl>ar  vein  or  with  the  middle  suprarenal,  and  the  left  vein  has 
been  obser\'ed  to  o|x.mi  into  the  hemia/ygos. 

The  s^K-nnalic  veins  are  ver>-  apt  to  l)ecome  varicose,  and  it  is  \vell  known  that  this  con- 
dition  is  more  apt  to  oaiir  in  the  left  vein  than  in  the  right.  \'arious  reas<^ns  have  l)een  assigned 
for  this  difTerence  in  the  tvvo  veins.  the  chief  of  these  being  ( i )  that  the  left  vein  opens  at  prac- 
ticallv  a  right  angle  into  the  renal.  while  the  right  opens  at  an  acute  angle  into  the  vena  cava  ; 
(2)  tne  left  vein  is  destitiite  of  valves  at  its  o[>ening  into  the  renal,  while  the  right  one  usually 
possesses  a  pair  at  its  i^ritice  ;  and  (3)  that  the  left  vein  in  its  course  up  the  abdominal  uall  lies 
beneath  the  signioid  colon,  \vhile  the  right  has  only  coils  of  the  small  intestine  with  their  more 
fluid  contents  in  front  of  it. 

6d.  The  Ovarian  Veins. — The  ovarian  veins  fvv.  ovaricae)  correspond  to 
the  spermatic  veins  of  the  male.  They  take  their  origin  from  the  veins  which 
issue  at  the  hilum  of  the  ovarv  and  are  also  connected  bv  \vide  anastomoses 
with  the  veins  of  the  hmdus  of  the  uterus.  Thev  form  a  close  plexus,  the  pam- 
piniform plexus  (  plexus  pampiniformis),  \vhich  accompanies  the  ovarian  artery 
between  the  t\vo  layers  of  the  broad  ligament  parallel  \vith  the  Fallopian  tube, 
receiving   branchi^s  from  the  latter  structure  and   from  the  round  ligament  of  the 
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vene  betueen  it  and  the  hemiazygos,  and  the  veins  of  tliese  ihen  open  directly  into  the  az>'gos, 
passing,  each  indei>endently,  across  the  vertebral  colunin  beneath  the  aorta  and  asophaKUs. 
Absence  of  the  accessory  hemiazygos  has  been  ol)served,  the  upper  six  or  eight  inter- 
costal  veins  uniting  to  form  a  comnion  ascending  trunk  uhich  opens  into  the  left  innominate. 
In  aH  probabilitv,  houever,  this  common  ascending  steni  is  proiXirly  to  Ik*  regarded  as  the 
accessory  hemiazygos,  whose  norinal  connection  with  the  innominate  has  increased  in  size  uhile 
its  connection  \vith  the  azygos  or  hemiazygos  has  either  degenerated  or  failed  to  form. 

The  Intercostal  Veins. 

The  intercostal  veins  (vv.  intercostales)  (Fig.  765),  sometimes  designated  as 
posterior  intercostal  as  distinguished  from  the  anterior  intercostal  tributaries  of  the 
intemal  mammary  vein,  accompany  the  intercostal  arteries  and  are  twelve  in  number 
on  each  side,  one  occurring  in  each  intercostal  space  and  one,  sometimes  termed  the 
subcostal  vein,  running  along  the  lower  border  of  each  twelfth  rib.  They  lie  along 
the  upper  border  of  the  spaces  to  which  they  belong,  in  a  groove  on  the  lower  border 
of  the  rib,  and  are  above  the  corresponding  arteries.  The  upper  nine  or  ten  veins 
open  anteriorly  into  the  internal  mammary  or  musculo-phrenic  veins,  but  the  lower 
threc  or  two,  which  are  somewhat  larger  than  the  rest,  have  no  anterior  communica- 
tion  and  receive  tributaries  from  the  abdominal  muscles  and  the  diaphragm.  In  the 
middle  portion  of  their  course  the  upper  six  or  seven  veins  give  off  branches,  the 
costo-axUlary  veins,  which  ascend  towards  the  axilla  and  open  into  either  the  long 
thoracic  or  the  thoraco-epigastric  vein  and  so  into  the  axillary,  and,  as  it  approaches 
the  vertebral  column  behind,  each  vein  receives  a  dorsal  branch  (ramus  dorsalis)  which 
accompanies  the  spinal  branch  of  the  intercostal  artery  and  returns  the  blood  from  the 
skin  and  muscles  of  the  back  and  also  from  the  spinal  column  and  its  contents,  this 
latter  drainage  being  by  means  of  a  spinal  branch  (ramus  spinalis)  which  connects 
with  the  intervertebral  veins  (page  898). 

Their  posterior  termination  varies  considerably  in  different  individuals,  especially 
as  regards  the  upper  members  of  the  series.  It  may  be  supposed  that  primarily  ali 
the  intercostal  veins  of  the  right  side  opened  into  the  azygos  vein  and  ali  of  those  of 
the  left  side  into  the  hemiazygos  or  accessory  hemiazygos,  and  this  condition  holds 
in  the  adult  with  ali  but  the  upper  two  or  three  veins.  On  the  right  side  the  vein 
of  the  first  space — that  of  the  second  space  sometimes  uniting  with  it — frequently 
accompanies  the  superior  intercostal  artery  as  a  right  superior  intercostal  vein, 
and  opens  above  into  either  the  right  innominate  or  one  of  its  branches,  usually  the 
vertebral ;  on  the  left  side  the  vein  of  the  first  space  opens  into  the  left  innominate  vein, 
being  sometimes  termed  the  accessory  left  superior  intercostal  vein,  while  the 
veins  of  the  second,  third,  and  sometimes  the  fourth  spaces  unite  to  a  comifion  trunk 
which  crosses  the  arch  of  the  aorta  and  opens  into  the  left  innominate  vein,  fortning 
the  left  superior  intercostal  vein.  It  is  to  be  noted  that  this  last  is  connected 
with  the  accessory  hemiazygos  vein  and  really  represents,  in  part  at  least,  its  upper 
portion, — a  fact  \vhich  is  ali  the  more  evident  from  its  frequent  connection  by  means 
of  a  fibrous  cord  with  the  oblique  vein  of  the  left  auricle  ;  and,  furthermore,  it  may 
also  be  pointed  out  that  the  veins  of  the  second,  third,  and  sometimes  the  fourth  spaces 
of  the  right  side  usually  unite  to  a  common  trunk  uhich  opens  into  the  azygos 
vein. 

The  principal  tributaries  and  connections  of  the  intercostal  veins  have  already 
been  mentioned,  but  there  remain  to  be  described  the  interesting  arrangement  shown 
by  the  valves  in  those  veins  vvhich  connect  anteriorlv  with  the  internal  mammary  or 
musculo-phrenic  veins.  So  far  as  this  arrangement  is  concerned,  each  vein  may  be 
regarded  as  consisting  of  three  portions  :  ( i )  an  anterior  portion,  in  which  the  con- 
cavities  of  the  valves  look  towards  the  internal  mammary  or  musculo-phrenic  veins  : 
C 2 )  a  posterior  portion,  in  \vhich  the  vaKes  look  to\vards  the  azygos  or  hemiazvgos 
veins  ;  and  (3)  an  interniediate  f)orti<)n,  uhich  is  destitute  of  valves.  As  a  result  of 
this  arranijement  the  blood  of  the  anterior  portion  of  each  vein  must  pass  to  the  intemal 
maniinarv  veins  (page  860).  that  of  the  posterior  portion  to  the  azvgos  or  hemiazygos. 
uhile  in  the  intermediate  portion  it  mav  pass  in  either  direction.  But  it  is  with  this 
intermediate  portion  that  the  costo-axillary  veins  are  connected,  so  that  in  the  upper 
six  or  seven  veins,  in  addition  to  passing  partlv  anteriorlv  and  partly  posteriorly,  some 
of  the  blood  takes  an  ascending  dirccti<^n  and  empties  into  the  axillary  vein. 
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In  the  tuo  or  three  lower  veins  there  is  no  such  double  flow,  the  val  ves  ali 
looking  towards  the  azygos  veins.  Valves  occur  at  the  opening  of  practically  aH  the 
intercostals  into  the  azygos  veins,  the  last  intercostal  forming  an  exception  to  this 
nile,  and,  furthermore,  the  valves  of  the  lower  veins  are  apt  to  be  insufficient 

The  Spinal  Veins. 

The  spinal  veins,  which  return  the  blood  from  the  vertebral  column  and  the 
adjacent  muscles  and  also  from  the  membranes  enclosing  the  spinal  cord,  presen  t  in  a 
high  degree  the  plexiform  arrangement  which  is  characteristic  of  the  veins  as  com- 
pared  with  the  arteries.  Thev  form  a  series  of  longitudinal  plexuses  vvhich  extend 
practically  the  entire  length  of  the  spinal  column,  communicating  extensively  with  one 
another,  and  may  be  divided  primarily  into  those  which  lie  external  to  the  spinal 
canal  and  those  which  lie  within  the  canal. 

The  external  spinal  plexuses  (p!exus  venosi  vertebrales  exteriii)  are  two  in 
number,  anterior  and  posterior.  The  anterior  exUrnal  plexus  (plexus  venosus 
vertebralis  anterior)  rests  upon  the  anterior  surfaces  of.the  bodies  of  the  vertebrae, 
and  presents  considerable  difierences  in  the  amount  of  its  complexity  in  different 
portions  of  the  spinal  column.  In  the  thoracic  and  lumbar  regions  it  forms  a  net- 
work  with  large  meshes,  in  the  sacral  region  it  is  represented  by  transverse  anasto- 
moses  between  the  lateral  and  middle  sacral  veins,  and  in  the  cervical  region  it  reaches 
its  greatest  degree  of  complexity,  forming  a  close  net-work,  especially  dense  above 
and  resting  pardy  upon  the  bodies  of  the  vertebrae  and  partly  upon  the  longus  colli 
muscles.  At  each  intervertebral  foramen  the  plexus  communicates  with  the  veins 
issuing  from  the  internal  spinal  plexuses  and  also  with  the  posterior  extemal  plexus, 
and  in  addition  sends  branches  to  the  vertebral  veins  in  the  cervical  region  and  to 
the  rami  spinales  of  the  intercostal  and  lumbar  veins  in  the  corresponding  regions. 

The  posterior  €xtenial  plexuses  (p!exus  venosi  vertebrales  posteriores)  lie  p>artiy 
upon  the  posterior  surfaces  of  the  laminae  of  the  vertebnne  and  the  lig^menta  subflava 
and  partiy  between  the  dee{)er  dorsal  muscles.  As  in  the  čase  of  the  anterior  plexus, 
they  are  more  complicated  in  the  cervical  than  in  the  thoracic  and  lumbar  regions. 
In  the  latter  their  meshes  are  somewhat  elongated  longitudinallv,  and  they  communi- 
cate  with  the  internal  plexuses  at  the  interv^ertebral  foramina  and  also  by  branches 
which  traverse  the  ligamenta  subflava,  and  they  have  fiirther  Communications  with 
the  anterior  external  plexus  and  with  the  spinal  rami  of  the  intercostal  and  lumbar 
veins.  In  the  cervical  region,  in  correspondence  with  the  greater  diflferentiation  of 
the  dorsal  musculature,  the  plexuses  become  divided  into  several  layers,  and  in  the 
region  between  the  occiput  and  the  axis  vertebra  their  deep  lavers  form  an  esf>ecially 
dense  net-work,  the  suboccipital  plexus^  with  which  the  occipital,  vertebral,  deep 
cervical,  and  posterior  external  jugular  veins  communicate.  Throughout  its  course 
the  cerviail  portion  of  the  plexus  communicates  \vith  the  internal  and  anterior  ex- 
temal  plexuses  and  also  with  the  vertebral  vein. 

The  internal  spinal  plexuses  (plexus  venosi  vertebrales  interni)  aresituated  in 
the  dura  mater  lining  the  spinal  canal  and  are  much  closer  than  the  external  plexuses. 
The  veins  which  form  them  have  a  general  longitudinal  direction  and  anastomose 
abundantly,  but  nevertheless  four  subordinate  longitudinal  lines  of  vessels  can  be 
recognized,  t\vo  of  which  are  upon  the  anterior  wall  of  the  spinal  canal  and  two  upon 
the  posterior  wall. 

The  anterior  interna/  piexuses  lie  one  on  each  side  of  the  median  line  on  the 
posterior  surfaces  of  the  bodies  of  the  vertebrse  and  the  intervertebral  disks,  from  the 
foramen  magnum  to  the  sacral  region.  They  are  composed  of  rather  large  veins, 
between  which  are  frequent  anastomoses,  and  transverse  connecting  vessels  run  across 
the  body  of  each  vertebra  between  the  two  plexuses,  passing  l^eneath  the  p>osterior 
common  vertebral  ligament.  Into  these  transverse  connections  open  the  basivertebral 
veins  (vv.  basivertebrales )  which  return  the  blood  from  the  bodies  of  the  vertebrae, 
traversing  these  to  a  certain  extent  to  communicate  with  the  anterior  external  plexus. 
The  anterior  internal  plexuses  also  communicate  opposite  each  vertebra  with  the  pos- 
terior internal  plexuses,  rings  of  anastomosing  veins  thus  surrounding  the  spinal  canal 
opposite  each  vertebra  and  constituting  what  are  termed  the  retia  venosa  vertebrantin. 
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The  posie nor  intemal plexns€s  are  situated  one  on  either  side  of  the  median  line 
on  the  anterior  surfaces  of  the  lamina?  and  on  the  ligamenta  subflava,  through  which 
they  send  branches  to  communicate  with  the  posterior  external  plexus.  They  are 
connected  by  transverse  plexuses  which  com plete  the  retia  venosa  vertebrarum,  and 
are  composed  of  smaller  vessels  than  the  anterior  plexuses,  and  the  net-work  which 
they  form  is  more  open. 

Laterallv,  at  each  intervertebral  foramen  the  intemal  plexuscs  send  branches  out 
from  the  spinal  canal  along  the  nerve-trunks,  and  by  means  of  these  interve  rte  bral 
veins  (vv.  intervertebrales),  vvhich  have  the  form  of  plexuses  at  their  origin  and  receive 
communicating  branches  from  the  external  vertebral  plexuses  and  from  the  veins  of  the 
spinal  cord,  the  intemal  plexuses  pour  their  blood  into  the  vertebral,  intercostal,  lum- 
bar,  and  lateral  sacral  veins,  the  connection  with  the  intercostals  being  through  their  rami 
spinales.  Above,  the  internal  plexuses  form  an  especially  rich  rete  or  plexus  around 
the  foramen  magnum  and  communicate  with  the  occipital,  marginal,  and  basilar  sinuses. 

Practical  Considerations. — The  posterior  external  spinal  plexuses,  by  means 
of  their  communication  through  the  intervertebral  foramina  and  the  ligamenta  sub- 
flava with  the  internal  plexuses,  may  convey  infection  from  without — septic  wounds 
of  the  back,  severe  bed-sores,  osteitis  of  the  vertebral  laminae — to  the  interior  of  the 
spinal  canal.  External  pachymeningitis  has  thus  originated.  In  operations  upon 
the  spine,  these  veins  blced  so  freely  that  it  is  often  well  after  severing  them  upon 
one  side  to  control  them  by  packing  and  procced  to  the  exposure  of  the  spine  on 
the  opposite  side,  repeating  the  packing  there.  The  internal  plexuses,  interposed 
between  the  theca  of  the  cord  and  the  interior  walls  of  the  vertebral  column,  may, 
as  a  result  of  trauma,  furnish  blood  enough  to  cause  compression  of  the  cord.  The 
symptoms  are  usuallv  relatively  slow  in  developing — as  compared  with  those  due  to 
injury  to  the  cord  itself  or  to  its  vessels — and  are  referable  mainly  to  the  lower  spinal 
segments,  the  blood  gravitating  to  that  portion  of  the  canal. 

Hemorrhage  may  occur  within  the  membranes  (hamatorrhacis),  when  the 
blood  will  likewise  tend  to  gravitatc  toward  the  lower  end  of  the  cord,  and,  unless 
in  large  amount,  may  cause  no  definitely  localizing  symptoms.  Bleeding  from  the 
venae  medulli  spinales  may  take  plače  into  the  substance  of  the  cord  (haemato- 
mvelia),  and  is  most  likely  to  occur  in  the  segments  from  the  fourth  cervical  to  the 
first  dorsal  (Thorburn),  bccause  of  the  degree  of  motion  of  that  portion  of  the  spine, 
the  union  toward  its  base  of  a  fixed  and  a  movablc  segment,  and  the  frequency  with 
vvhich  forces  causing  excessive  fiexion  or  over-extension  are  applied  to  the  head. 
If  the  lesion  causes  compression  only,  the  paralysis,  anaesthesia,  etc. ,  will  be  onlv 
temporary.    If  it  is  associated  \vith  disorganization  of  the  cord,  they  will  be  permanent 

The  Veins  of  the  Spinal  Cord. 

The  veins  of  the  spinal  cord  (vv.  medulli  spinales)  occur  as  six  longitudinal  stems 
situated  upon  the  surface  of  the  cord  and  connected  by  a  fine  net-work  very  niuch  as 
are  the  arteries.  One  of  these  stems  traverses  the  entire  length  of  the  cord  along  the 
line  of  the  anterior  median  fissure,  and  has  on  either  side  of  it  another  stem  which 
lies  immediatelv  posterior  to  the  line  of  exit  of  the  anterior  nerve-roots.  These  three 
stems  together  form  the  anterior  meduUi-spinal  veins  (>t.  spinales  eztemac 
antcriores).  The  posterior  veins  (vv.  spinales  externae  posteriores)  have  a  similar 
arrangement,  one  lying  along  the  line  of  the  posterior  longitudinal  fissure  and  one 
posterior  to  each  of  the  lines  of  entrance  of  the  posterior  nerve-roots. 

Ali  these  stems,  together  with  the  plexus  \vhich  connects  them,  lie  in  the  pia 
mater  and  receive  branches  (vv.  spinales  internae)  from  the  substance  of  the  cord. 
From  them  branches  pass  out  along  the  nerve-roots  to  join  the  inter\"ertebral  veins, 
and  at  the  upper  extremity  of  the  cord  they  join  the  veins  of  the  medulla  oblongata. 

THE  INFERIOR  CA  VAL  SVSTEM. 

The  inferior  caval  system  includes  aH  the  veins  from  the  body-wall  below  the 
level  of  the  diaphragm  ;  those  from  the  abdominal  and  pelvic  cavities,  with  the 
exception  of  those  from  the  stomach,  intestines  (except  the  lower  fMUt  of  the  rectum). 
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pancreas,  and  spleen  ;  and  ihose  Irom  the  louer  limb.      It  receivcs  ils  name  from  its 
principal  vessel,  the  inferior  vena  cava,  which  con\'eys  its  blood  to  the  right  auricle. 

The  Inkeriok  Vkna  Cava. 

The  inferior  or  ascending  vena  ca\-a  (vena  cava  inferior)  (Fifis.  765,  766)  is  forniod 
by  the  union  of  the  two  common  iliac  \eins  either  011  the  right  sido  of  the  intervertebral 
disk  separating  the  foiirth  and  fiftli  liiinbar  vertebr.-e  or  on  the  ri^rht  side  of  the  lifth 
lumbar  vertebra.      P'rom  this  polnt  it  ascends  directlj-  upnard  to  the  level  ol  the  tirst 

Fig.  766. 
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Relations. — For  convenience  in  description  the  vena  cava  inferior  may  be 
regarded  as  consisting  of  an  abdominal  and  a  thoracic  portion.  The  former,  which 
constitutes  by  far  the  greater  part  of  its  length,  has  the  following  relations.  Poste- 
rforly  it  rests  upon  the  right  side  of  the  lumbar  vertebrae,  upon  the  origins  of  the 
psoas  major  and  minor  muscles,  and  above  upon  the  right  crus  of  the  diaphragm  ; 
it  crosses  in  its  course  the  right  lumbar  and  right  renal  arteries.  Medially  it  is  in 
close  relation  with  the  abdominal  aorta  throughout  the  greater  portion  of  its  course, 
but  separates  from  it  slightly  above,  the  right  crus  of  the  diaphragm  inter\'ening. 
Laterally  it  is  in  contact  with  the  psoas  major  muscle  below,  and  at  about  the  middle 
of  its  course  it  is  in  close  relation  with  the  inner  border  of  the  right  kidney.  Ante- 
riorly  it  is  covered  at  its  origin  by  the  right  common  iliac  artery  and  in  the  lower 
part  of  its  course  by  peritoneum.  At  the  level  of  the  third  lumbar  vertebra  it  lies 
beneath  the  third  portion  of  the  duodenum,  and  immediately  above  that  beneath  the 
head  of  the  pancreas  and  the  main  stem  of  the  portal  vein,  which  crosses  it  obliquely. 
Finally,  it  lies  in  the  vena  caval  fissure  of  the  liver,  having  to  the  right  the  right 
lobe  and  to  the  left  the  Spigelian  lobe,  and  being  sometimes  completely  surrounded  by 
liver-tissue,  owing  to  a  thin  portion  of  it  bridging  over  the  fissure.  Throughout  this 
part  of  its  course  it  is  firmly  united  to  the  walls  of  the  fissure  by  fibrous  bands. 

In  its  thoracic  portion^  which  is  quite  short,  measuring  not  more  than  3  cm.  in 
length,  it  is  in  relation  at  first  with  the  right  lung  and  pleura,  and  in  the  upper  part 
is  enclosed  for  about  1.2  cm.  in  the  pericardium. 

Variations. — The  development  of  the  inferior  vena  cava  (page  927)  shows  it  to  be  fonned 
by  the  union  of  three  primarily  distinct  structures.  Its  upper  part,  between  the  entrance  of  ihe 
hepatic  veins  and  the  right  auricle,  is  the  upper  part  of  the  embryonic  ductus  venosus,  then  fol- 
lows  a  considerable  portion  derived  from  the  right  subcardinal  vem,  and,  finally,  its  lower  part  is 
formed  from  the  right  cardinal  vein.  Of  these  embryonic  veins  the  ductus  venosus  is  unpaired, 
the  other  two  are  tne  right  members  of  paired  veins,  whose  fellows  undergo  almost  complete 
degeneration. 

Anomalies  of  the  vena  cava,  which  are  not  uncommon,  are  for  the  most  part  explicable  as 
a  persistence  or  niodification  of  the  embryonic  copditions.  Thus,  that  portion  of  the  vessel  which 
is  formed  from  the  right  subcardinal  and  right  cardinal  may  fail  to  develop,  in  which  čase  what 
is  termed  a  ix?rsistence  of  the  cardinals  occurs.-  Up  to  a  pomt  above  the  level  of  the  renal  veins 
the  vena  cava  is  represented  by  two  parallel  trunks  lying  one  on  either  side  of  the  aorta,  the  one 
receiving  the  right  common  iliac  vein  and  the  other  the  left.  These  represent  the  abdominal 
portions  of  the  cardinal  veins  or,  in  the  majority  of  cases,  more  probably  the  subcardinals,  and  unite 
above  with  the  unpaired  ductu»  venosus,  which  carries  their  blood  to  the  hearL  In  other  uords, 
such  cases  are,  as  a  rule,  to  be  regarded  as  a  similar  development  of  both  subcardinal  veins. 

Occasionally,  however,  the  development  of  the  right  subcardinal  to  form  the  vena  cava 
may  proceed  as  usual,  but  it  fails  to  make  a  connection  with  the  ductus  venosus,  one  of  its  con- 
nections  with  the  right  cardinal  enlarging  so  that  this  vein  receives  the  caval  blood,  carries  it 
through  the  aortic  opening  of  the  diaphragm,  and.  as  the  azygos  vein,  empties  it  into  the  su|>erior 
vena  cava.  The  hepatic  veins  open  as  usual  into  the  ductus  venosus,  unich  passes  to  the  right 
auricle  in  the  normal  manner,  and  the  vena  cava  inferior  is  thus  represented  by  two  distinct  veins. 
the  upi)er  part  of  the  ductus  venosus.  uhich  in  such  cases  is  termed  the  common  hepatic  vein  ( v. 
hepatica  rofnmunis),  and  the  subcardinal  and  cardinal  portion. 

Anolher  variation  niay  be  produced  by  a  reversal  of  the  r61es  of  the  two  subcardinals  in 
forming  the  vena  cava,  the  left  being  the  one  which  develops,  while  the  right  degenerates. 
Such  a  condition  is  foimd  in  ali  cases  of  situs  inversus  viscenun,  but  it  has  also  been  observed 
in  cases  in  which  there  was  otheruise  a  normal  arrangement  of  the  organs.  In  such  cases  the 
vena  cava  in  the  louer  part  of  its  course  lies  to  the  left  of  the  aorta  instead  of  to  the  right,  and  at 
the  level  of  the  renal  arteries  it  crosses  to  the  ri^ht  side  in  front  of  the  aorta,  its  furtner  course 
being  normal.  But  just  as  the  louer  part  of  the  mferior  vena  cava,  uhen  normally  formed  from 
the  nght  sulx:ardinal,  may  fail  to  unite  vvith  the  ductus  venosus  but  retain  its  primar>'  connection 
with  the  azygos,  so,  too,  uhen  fonned  from  the  left  sulx:ardinal,  it  may  retain  its  connection  with 
the  hemiazygos  and  drain  through  that  ve.ssel  into  the  azygos  and  so  into  the  superior  vena  cava. 

These  various  cases  include  the  principal  variations  uhich  occur  in  connection  unth  the 
vena  cava  inferior.  It  may  be  pointed  oiit  that  normally  connections  exist  betureen  the  az>*gos 
vein  and  the  vena  cava  belou'  the  diaphrajjm  ;  by  means  of  the  ascending  lumbar  veins,  and 
also  by  the  thoraco-epigastric  veins.  connection  is  established  between  tributaries  of  the  inferior 
cava  and  the  external  iliac  veins,  and  the  axillar>'  vein.  By  means  of  these  normany  subordinate 
channels  opportunity  is  aflforded  for  the  maintenance  of  the  circulation  in  čase  of  obliteration  ol 
the  vena  cava. 

Practical  Considcrations. — The  inferior  cava  may  be  ruptured  in  severe 
abdominal  injuries,  as  in  the  čase  of  a  weight  falling  upon,  or  a  wagon  passing  over, 
the  belly.     The  site  of  rupture  is  most  often  in  the  portion  lying  in  the  hepatic 
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^ure.  Its  relation  to  the  right  |>soas  major  muscle  has  resulted,  in  cases  of  psoas 
abscess,  in  ulceration  and  o(>ening  of  the  vein,  with  fatal  hemorrhage.  Its  relation 
to  the  inner  border  of  the  right  kidney  has  resulted  in  its  compression  by  a 
movable  kidney,  or  by  a  cancerous  growth  of  the  kidncy,  causing  caval  thrombosis, 
a  condition  which  has  also  been  noted  in  connection  with  chronic  nephritis  and 
with  infarction  of  the  renal  p>arenchyma.  Its  relation  to  the  liver  results,  in 
some  cases  of  hepatic  enlargement,  in  compression  of  the  vena  cava  with  oedema 
of  the  lower  limbs,  and  other  symptoms  of  obstruclion.  Its  close  proximity  to 
the  lower  end  of  the  bile-duct  necessitates  caution  in  cutting  operations  for  the 
removal  of  impacted  stones  from  the  duct  ('choledochotomv)  (paj^e  1732).  Enlarge- 
ment  or  growth  involving  the  head  of  the  pancrcas  niay  compress  the  cava 
sufficiently  to  cause  obstructive  symptoms,  and  the  ncarness  of  the  vein  constitutes 
one  of  the  ver>'  serious  obstacles  to  removal  of  pancreatic  tumors.  In  ureterotomy 
or  other  operation  on  the  right  ure  ter,  the  close  relationship  of  the  vena  cava  at 
the  point  of  crossing  should  be  renicmbered.  Thrombosis  of  the  cava,  from 
whatever  cause,  though  it  may  extend  the  entire  length  of  the  vessel,  is  apt  to 
be  limited  to  a  portion  of  the  vessel,  as  that  betwecn  the  renal  veins  and  the 
auricle.  or  that  extending  from  the  iliac  veins  to  the  renal  veins.  The  coUateral 
circulation  after  occlusion  may  be  carried  on  through  the  saphenous,  superficial 
abdominal,  spermatic,  pudic,  and  deep  epigastric  veins,  and  the  obturator,  inferior 
mesenteric,  external  ipammary,  and  azygos  veins. 

Tributaries. — In  addition  to  the  common  iliac  veins  by  whose  union  it  is 
formed,  the  vena  cava  inferior  receives  a  number  of  tributaries  from  the  abdominal 
•  walls  and  organs.  These  niay  be  arranged  into  two  groups  according  as  they  drain 
the  pa  rte  fes  of  the  abdomen  (radices  parietales)  or  its  viscera  (  radices  viscerales).  Of 
the  former  there  are  :  ( i )  the  inferior  phrcnic  and  (  2  )  the  lumhar  veins,  and  of  the 
latter  (3)  the  hepatic,  (4)  the  renal,  (5)  the  suprarenal,  and  (6)  the  spermatic  or 
ovarian  veins. 

1.  The  Inferior  Phrenic  Vein. — The  inferior  phrcnic  (v.  phrenica  inferior) 
is  a  paired  vein  which  corresponds  to  the  similarlv  nanied  arterv.  It  is  formed  by 
the  union  of  a  number  of  tributaries  which  ramifv  upon  the  under  surface  of  the 
diaphragm,  and  oi)ens  into  the  vena  cava  just  before  it  passes  through  the  diaphragm. 
It  receives  tributaries  from  the  upi>er  portion  of  the  supraronal  capsule,  and  the  left 
vein,  by  the  enlargement  of  an  anastomosis  of  its  supnirenal  tributaries  with  the 
suprarenal  vein,  mav  open  through  the  latter  into  the  left  renal  vein.  The  right 
vein  occasionallv  opens  into  the  right  hepmtic  vein. 

2.  The  Lumbar  Veins. — The  lumbar  veins  ( vv.  Itimbales)  are  usually  four  in 
number  on  each  side,  and  accomj>any  the  corresi>onding  arteries,  lying  above  them. 
They  resemble  closelv  in  their  relations  and  trilnitaries  the  intercostal  veins,  of  which 
they  are  serial  homologues.  Each  vein  arises  in  the  muscles  of  the  abdominal  wall 
and  passes  backuard  and  in\vard  towards  the  vertebral  column,  passing  beneath  the 
psoas  muscle.  Shortlv  before  reaching  the  vena  cava  it  receives  a  ramus  dorsalis. 
This  hiis  its  origin  in  the  dorsiil  integument  and  muscles.  communicating  with  the 
posterior  external  spina!  plexus,  and  receives  a  ramus  spinalis  \vhich  communicates 
with  one  of  the  lumhar  intervertebral  veins  and  so  \vith  the  internal  spinal 
plexuses.  The  veins  then  continue  their  course  touards  the  vena  cava,  those  of  the 
left  side  |)assing  In-nrath  the  alnlominal  aorta,  and  thev  ojHin  into  the  jK)sterior 
surface  of  the  vena  ca\a. 

As  it  {)asses  \ipon  the  lateral  surface  of  its  corresponding  lumbar  vertr!)ra,  each 
of  the  three  lr)\vtT  veins  is  connected  \vith  the  one  alx>ve  by  an  ascending  stem.  which 
also  places  the  louist  vrin  in  conimunication  with  the  ilio-lunihar  or  thr  common  iliac 
vein,  while  froni  tlir  uppennost  vein  it  is  continueil  on  up\vanl  to  join  \vith  the  azygos 
or  hemiazvi^os  as  the  rase  niav  1h*.  This  ascending  steni  is  tlu-  ascending  lumbar 
vein  (v.  liimbalis  asccndcns).  and  is  of  especial  intcrest  as  forming  an  important 
collateral  channrl   iHtuecMi  the  inferior  and  superior  vena*  cava*. 

Each  lumbar  \t'in  possesses  one  or  t\vo  valves  in  its  co\irse,  and  sometimes 
also  valves  at  its  entranrc  into  the  vena  cava.  The  concavities  of  these  valves  are 
ilirected  towards  the  vena  cava,   but  the  valves  are  nearlv  alwavs  insutiicient  and 


902  HUMAN   ANATOMV. 

consequently  will  not  prevent  a  flow  of  blood  froin  the  vena  cava  outvvard  to  the 
ascendinj«^  lumbar  veins  in  cases  of  occlusion  of  the  upper  part  of  the  ve»*a  cava. 

3.  The  Hepatic  Veins. — The  hepatic  veins  (vv.  hepaticae)  (Fig.  765)  retum 
the  blood  vvhich  has  been  carried  to  the  liver  both  by  the  hepatic  arter)'  and 
by  the  portal  vein.  They  are  two  or  three  in  number,  and  are  formed  by  the 
union  of  the  intralobular  veins  of  the  liver  (page  920).  They  emerge  from  the 
substance  of  the  liver  at  the  upper  part  of  the  groove  in  which  the  vena  cava 
lies,  and,  passing  obliquely  upward,  enter  that  vessel  at  an  angle  shortiy  before  it 
passes  through  the  diaphragm. 

One  of  the  hepatic  veins  drains  the  substance  of  the  right  lobe  of  the  liver, 
the  other,  when  there  are  but  two,  the  remaining  lobes.  Quite  frequently  this 
second  or  left  vein  is  replaced  by  two  vessels,  one  of  which  drains  the  left 
lobe  alone,  while  the  other  drains  the  Spigclian  and  quadrate  lobes.  Usuallv, 
in  addition  to  these  principal  veins,  a  varying  numl>er  of  small  hepatic  veins 
occur,  which  make  their  exit  from  the  liver-substance  on  the  walls  of  the  groove 
for  the  vena  cava  and  open  directly  into  that  vessel  without  joining  the  principal 
hepatic  veins. 

The  hepatic  veins  possess  no  valves  in  the  adult,  and  are  characterized  by  the 
thickness  of  their  walls,  which  are  provided  \vith  both  circular  and  longitudinal 
muscles. 

• 
Variations. — Occasionally  the  right  vein,  more  rarely  the  left,  perforates  the  diaphragni 
and  opens  either  into  the  thoracic  portion  of  the  inferior  vena  cava  or  else  directly  into  the  ri^t 
auricle.  The  t\vo  (or  three)  veins  sometimes  unite  tu  a  single  trunk  before  joinine:  the  vena 
cava,  and  this  trunk  has  been  observed  to  nenetrate  the  diaphragm  and  op>en  directTy  into  the 
right  auricle  without  communicating  vvith  the  vena  cava. 

4.  The  Renal  Veins. — The  renal  veins  (vv.  renales)  (Fig.  766)  are  two  in 
number,  one  returning  the  blood  from  each  kidnev.  Each  vein  is  formed  at  the 
hilum,  or  some  little  distance  from  it,  by  the  union  of  from  three  to  i\\it  branches 
which  come  from  the  kidney  substance,  and  is  directed  medially  and  slightly  upward. 
lying  in  front  of  the  corresponding  artery.  On  account  of  the  position  of  the  vena 
cava  to  the  right  of  the  median  line,  the  left  vein  is  some\vhat  longer  than  the  right, 
and  passes  in  front  of  the  abdominal  aorta,  just  belo\v  the  origin  of  the  superior 
mesenteric  artery,  to  reach  its  point  of  entrance  into  the  vena  cava,  this  point  being 
usually  a  little  higher  than  that  of  the  right  vein. 

Tributaries. — In  addition  to  the  vessels  by  uhose  union  it  is  formed,  each  renal  vein  receives 
(fl)  an  inferior  suprarenal  vein  from  the  louer  part  of  the  suprarenal  capsule,  accompan>nng  the 
corresponding  artery  ;  (A)  adipose  veins,  uhirh  pass  transversely  across  lK)th  surfaces  of  the 
kidney,  taking  their  origin  in  its  adiix)se  capsule  ;  (r)  a  ureteric  vein,  frequently  more  or  less 
plexiforni  in  structure,  which  returns  the  blood  from  the  up|>er  part  of  the  ureter.  anastomosing 
belovv  uith  the  ureteric  tributaries  of  the  spermatic  vein.  In  addition,  the  left  renal  vein  receives 
the  left  spermatic  (ovarian)  and  the  left  iniddle  suprarenal  veins,  lx>th  of  which  will  be 
considered  uith  their  fellous  of  the  opix)site  side. 

The  adipose  veins  ramifying  iii  tiie  kidney  fat  penetrate  the  renal  fascia  and  so  come 
into  connection  \vith  the  tributaries  of  the  lumbar  veins,  and  they  also  send  branches  to  the 
spermatic  or  ovarian  veins.  A  more  inif^ortant  rommunication  is,  houever,  made  through 
a  vein  \vhioh  arises  from  the  lo\ver  surface  of  each  renal  and  empties  on  the  right  side 
into  the  first  lumbar  vein,  vvhile  on  the  left  side  it  bifurcates,  sending  one  branch  dounuard 
to  the  tirst  lumbar  and  the  other  upuard  to  open  into  the  hemiazygos.  Since  valves  occur 
but  rarely  in  the  renal  vein,  and  its  tributaries  are  like\vise  either  without  valves  or  with 
insufticient  ones,  the  cirrulation  of  the  kidney  mav  lx*  maintained  by  means  of  these 
comnumications  of  the  renal  veins,  even  in  cases  of  obliteration  of  the  vena  cava  inferior  in 
its  upixr  portion. 

Variations.— The  renal  veins  are  occasionnllv  replared  by  from  t\vo  to  seven  vessels  which 
oi>en  indt'|H'ndentlv  into  the  vena  rava,— a  rondition  uhiih  |)robably  dependsupon  thefailureof 
thf  vesstls  from  tfie  different  portions  of  the  kidnevs  to  unite  to  a  common  stem.  Accessof) 
veins.  \vhicli  (  onunimicate  \vith  the  vt-na  cava  belo\v  the  Icvel  of  the  renals  or  even  with  the  com- 
mon iliac,  sometimes  ornir.  but  more  rarely  than  the  similar  arteries.  The  left  renal  vem  has 
l)etn  obser\ed  in  sevcral  rascs  to  pass  ahnost  verti('ally  do\vn\vard  parallel  to  the  vertebral 
coUmin.  opening  into  the  vena  cava  at  the  level  of  the  fourth  Umibar  vertebra 
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5.  The  Middle  Suprarenal  Veins.  —  The  middle  supnirenal  vcins  (vv. 
suprarenales;  are  the  principal  veins  of  the  suprarenal  bodies,  froiti  which,  however, 
the  superior  suprarenals,  emptying  into  the  phrenics,  and  the  inferior,  ojK^ning 
into  the  renals,  also  arise.  Each  vein  occupies  a  groo\'e  on  the  anterior  surface 
of  the  suprarenal  body,  and  descends  obliquely  inward  to  open  on  the  right 
side  into  the  inferior  vena  cava  above  the  right  renal,  and  on  the  left  side  into  the 
left  renal. 

6a,  The  Spermatic  Veins. — The  spermatic  veins  (vv.  spcrmaticac)  begin  at 
the  ihternal  abdominal  ring,  whence  they  pass  upward  and  inuard  along  \vith  the 
spermatic  arteries  and  are  the  continuation  upward  of  the  venous  plexuses  which 
surround  the  spermatic  cords. 

Each  of  these  plexuses  has  its  origin  in  the  testicular  veins  (vv.  testiculares) 
which  return  the  blood  from  the  tunica  albuginea  testis  and  from  the  seminiferous 
tubules,  these  latter  branches  passing  towards  the  hilum  of  the  organ  in  the  trabeculae. 
They  make  their  exit  from  the  testis  at  about  the  middle  of  its  superior  lx)rder,  and 
are  joined  very  shortiy  by  the  veins  of  the  epididymis.  They  are  then  continued 
up  the  sp)ermatic  cord  in  the  form  of  from  ten  to  twenty  flexuous  stems,  which 
anastomose  abundandy  to  form  what  is  termed  the  pampiniform  plexus  (plexus 
[Mimpiniforinis),  surrounding  the  sj>ermatic  arterv'.  As  the  cord  enters  the  inguinal 
canal  the  plexus  is  reduced  to  some  three  or  four  stems,  \vhich,  at  the  interna! 
abdominal  ring,  become  the  spennatic  veins. 

These  are  two  or  three  stems  which  anastomose  abundantly  with  one  another 
and  consequently  present  a  plexiform  arrangement.  They  surround  the  abdominal 
fK)rtion  of  the  spermatic  artery  and,  shortly  before  rcaching  their  tennination,  unite 
to  a  single  stem,  which  on  the  right  side  opens  at  an  acute  angle  into  the  vena  cava 
inferior  below  the  right  renal  vein,  while  on  the  left  side  it  opens  almost  at  a  right 
angle  into  the  lower  lx)rder  of  the  left  renal  vein. 

The  spermatic  veins  proper  possess  no  val  ves,  except  that  there  is  usually 
a  pair  at  the  entrance  of  the  right  vein  into  the  vena  cava.  In  the  stems  of  the 
pampiniform  plexus,  however,  valves  are  usually  to  be  found,  but  they  are  very 
frequendy  insuflicient. 

Tributaries. — The  SjKTmatic  veins  receive  a  ureteric  branch  from  the  lou-er  part  of  the 
ureter  and  also  peritoneal  branches  and  renal  branches  from  the  acii{K)se  ca{)sule  uf  that  organ. 
In  the  scrotum  the  pampiniform  plexus  makes  connections  \vith  the  branches  of  theextemal  pudic 
veins,  and  at  their  entrance  into  the  extenial  alx]ominal  rin^  the  t\vo  plexuses  of  opix>site  sides 
are  connected  by  transverse  anastomoses  u  hich  pass  iii  front  of  tlie  symphysis  pubis.  A  deeper 
transverse  anastomosis  also  ocairs  lK't\veen  the  luo  si^ermatics  as  thev  emerjje  from  the  intemal 
abdominal  rinjj^s.  and  thev  communicate  by  means  of  their  iK*ritt)neal  branches  uith  the  branches 
of  the  right  and  left  rolic  veins. 

Variations. — ( kvasionallv  the  left  vein  as  well  as  the  right  o|Xfns  directlv  into  the  vena  cava, 
and  in  cases  in  uhich  that  vessc|l  is  situated  upon  the  left  side  it  is  the  left  vein  uhich  opens 
directly  into  it.  the  right  one  o|K-ning  into  the  right  renal  vein.  They  communicate  sometimes  on 
one  side  or  the  other  wilh  a  lumhar  vein  or  with  the  middle  suprarenal,  and  the  left  vein  has 
been  obser\'ed  to  ofvn  into  the  hemiazvgos. 

The  s|)ennatic  veins  are  ver>*  apt  to  lxK:ome  varicose.  and  it  is  well  known  that  this  con- 
dition  is  more  apt  to  (u  cur  in  the  left  vein  than  in  the  right.  \'arious  reasons  have  l)een  assigned 
for  this  difTerence  in  the  t\vo  veins,  the  chief  of  these  lieing  { i )  that  the  left  vein  o|x?ns  at  prac- 
ticallv  a  right  angle  into  the  renal.  \vhile  the  right  opens  at  an  acute  angle  into  the  vena  cava  ; 
(2)  tne  left  vein  is  destitute  of  valves  at  its  o|)ening  into  the  renal,  vihile  the  right  one  usually 

K)ssesses  a  pair  at  its  orifice  ;  and  (3)  that  the  left  vein  in  its  c<nirse  up  the  alHlominaJ  wall  lies 
rneath  the  signn)id  colon.  uhile  the  right  has  only  a)ils  of  the  small  intestine  with  their  more 
fluid  contents  in  front  ni  it. 

6fi.  The  Ovarian  Veins. — The  ovarian  veins  (\y.  ovaricae)  corres{)ond  to 
the  sfKTniatic  veins  of  the  male.  They  take  their  origin  from  the  veins  which 
issue  at  the  hiluni  of  the  ovarv  and  are  also  connt*cted  by  \vi(le  anastomoses 
with  the  veins  of  the  finulus  of  the  utems.  They  form  a  close  plexus,  the  pam- 
piniform plcxus  (  plc.xus  pamptniformis),  \vhich  accompanit»s  the  ovarian  arterv 
bctween  the  t\vo  lavers  of  the  broad  ligament  parallel  \vith  the  Fallopian  tul)c, 
receiving  branches  from  the  latter  structure  and  from  the  round  ligament  of  the 
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uterus.  Leaving  the  broad  ligament  with  the  ovarian  artery,  they  ascend  along 
that  vessel,  the  number  of  trunks  becoming  reduced  to  two  and  eventiially  to  one, 
and  they  open  above  in  the  same  manner  as  the  spermatic  veins,  the  right  one 
into  the  inferior  vena  cava  and  the  left  one  into  the  left  renal  vein.  They  possess 
no  valves. 

Their  variations  are  essentially  similar  to  those  presented  by  the  spermatic  veins. 

Practical  Considerations. —  The  Tributaries  of  the  Inferior  Cava. — In  a 
čase  of  occlusion  of  the  inferior  cava  by  thrombus  extending  from  the  renal  vein  to 
the  right  auricle,  the  phrenic  and  renal  veins  opened  into  the  lumbar  and  azygos 
veins,  the  blood  of  the  abdomen  thus  gaining  the  superior  cava  (Allen). 

The  intralobular  branches  of  the  hepatic  veins  may  be  the  source  of  profuse 
hemorrhage  in  cases  of  vvound  or  rupture  of  the  liver,  because  {a)  they  are  thin- 
walled  ;  (3)  they  are  not  encircled  by  cellular  tissue,  but  are  closely  attached  to  the 
liver  substance  and  thus  cannot  collapse  or  retract,  a  condition  which  also  predisposes 
to  the  entrance  of  air  into  the  divided  veins  ;  (f )  they  are  valveless,  and  the  main 
trunks  open  direct  into  the  vena  cava,  any  obstruction  of  which  would  therefore  result 
in  the  escape  of  great  quantities  of  blood  ;  {d  )  the  flow  in  the  main  trunks — from  the 
vein  to  the  cava — is  influenced  by  the  movements  of  the  diaphragm,  the  descent  of 
this  muscle  tending  to  constrict  the  opening  through  which  the  veins  pass,  and  thus 
to  obstruct  the  current  and  favor  bleeding.  Hemorrhage  from  the  liver  after  a  wound 
or  during  an  operation  is  very  difficult  to  arrest  by  ligature  on  account  of  the  thinness 
of  the  walls  of  the  intralobular  veins  and  the  friability  of  the  liver  tissue  itself.  It  is 
usually  controlled  by  gauze-pressure  or  by  the  galvano-cautery.  The  branches  of  the 
portal  vein  may  also  bleed  freely,  but  are  surrounded  by  a  quantity  of  lax  cellular 
tissue,  as  they  nm  in  the  ' '  portal  canals' '  with  the  branches  of  the  biliary  ducts  and 
of  the  hepatic  artery,  and  can  thus  retract  or  collapse  when  torn  or  divided.  More- 
over,  the  blood -pressure  vvithin  the  portal  vein  is  low,  favoring  the  spontaneous  arrest 
of  hemorrhage.  In  obstruction  of  the  common  duct,  preventing  the  escape  of  bile 
into  the  intestine,  the  radicles  of  the  hepatic  veins  take  up  the  bile-stained  exudate 
that  results  from  the  increascd  intra-hepatic  tension.  Its  entrance  into  the  general 
circulation  through  the  vena  cava  gives  rise  to  jaundice. 

The  relative  shortness  of  the  right  renal  vein  occasionally  adds  to  the  difficulties 
of  a  right-sided  nephrectomy,  the  pedicle — the  vein,  artery,  ureter,  etc.  —  being 
shorter  and  less  easily  controlled  by  ligature.  As  the  veins  are  subject  to  variation 
as  well  as  the  arteries — though  less  frequently — supernumerary  or  misplaced  vessels 
should  be  carefully  looked  for.  They  may  be  found  emerging  from  the  kidney  at 
either  pole,  or  from  the  hilum  behind  the  pelvis.  Fatal  results  have  followed  the 
failure,  during  a  nephrectomy,  to  find  and  secure  such  aberrant  vessels.  At  times 
the  left  renal  vein  passes  behind  the  aorta,  to  \vhich  occurrence  may  be  attributed 
the  greater  frequency  of  hyperaimia  of  the  left  kidney  (Allen).  The  renal  veins 
may  be  obstructed  by  pressure  from  retropcritoneal  growths,  or — in  the  supine 
position — from  movable  abdominal  tumors  or  the  gravid  uterus,  or  from  traction 
caused  by  displacements  of  the  kidney  itself,  or  as  a  result  of  congestion  in  the 
cardio-pulmon^ry  system,  as  in  pneumonia  or  valvular  heart  disease.  By  whatever 
cause  produced,  the  congestion,  if  sufficiendy  long-continued,  may  give  rise  to  a  form 
of  chronic  interstitial  nephritis.  The  communication  {inde  supra)  between  the  renal 
veins  and  the  first  lumbar  vein  and — on  the  left  side — the  hemiazygos  vein,  accounts 
for  the  undoubted  good  effect  often  produced  in  renal  congestions  by  counter- 
irritation,  blisters,  cupping,  or  leeching  in  the  loin. 

The  spermatic  veins  are  of  chief  practical  interest  in  their  relation  to  varicocele. 
The  anatomical  rcasons  for  the  frequency  of  this  condition,  and  for  its  occurrence  by 
preference  on  the  left  side,  are  givcn  on  page  1961. 

The  veins  of  the  pampiniform  plexus  proper  are  usually  distinct  frorn  those 
which  accompany  the  vas  deferens  and  its  arterv.  In  excision  of  the  former  set  for 
varicocele,  the  vas  deferens  is  ahvavs  pushed  to  the  rear  and  held  out  of  harm^s  way. 
It  carries  with  it  its  arterv  and  veins,  and  the  anastomotic  Communications  of  the 
former  with  the  spermatic  arter\' — almost  al\vays  cut  or  tied  with  its  venous  plexus — 
and  with  the  scrotal  arteries  suffice  to  maintain  the  nutrition  of  the  testis,  while  the 
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veins  of  this  smaller  and  posterior  group  enlarge  to  caiTy  on  the  retum  circulation. 
Ellevation  is  of  especial  value  in  testicular  inflammation,  as  the  dependent  position  of 
the  speimatic  veins  and  their  lack  of  adequate  support  gready  intensify  the  engorge- 
ment  and  venous  obstruction  of  inflammatory  processes. 

The  Common  Iliac  Veins. 

The  common  iliac  veins  (vv.  iliacae  communes)  (Fig.  765)  are  two  in  number, 
and  are  formed  opposite  the  sacro-iliac  articulations  by  the  union  of  the  internal  and 
extemal  iliac  veins.  They  pass  upward,  converging  as  they  go,  and  unite  at  about 
the  level  of  the  intervertebral  disk  between  the  fourth  and  fifth  lumbar  vertebrae  to 
form  the  vena  cava  inferior." 

Since  their  point  of  union  lies  somevvhat  to  the  right  of  the  median  line,  the  right 
vein  is  shorter  than  the  left  and  its  course  is  more  directly  up\vard.  Neither  vcin 
possesses  valves. 

Relations. — The  union  of  the  two  veins  takes  placc  beneath  the  right  common 
iliac  artery,  and  the  right  vein,  at  its  origin,  lies  behind  that  vessel,  although,  since  its 
course  is  more  vertical  than  that  of  the  artery,  it  gradually  comes  to  lie  somewhat 
lateral  to  it  above.  The  left  vein  near  its  termination  is  crossed  from  \vithout  inward 
by  the  right  common  iliac  artery,  and  throughout  its  course  lies  mediallv  to  the  left 
common  iliac  artery  and  on  a  plane  somewhat  posterior  to  it. 

Variations. — Occasionally  the  extemal  and  intem«il  iliac  veins  do  not  unite  to  form  a  common 
stem,  but  open  directly  into  the  inferior  vena  cava.     This  may  occur  on  one  or  both  sides. 

Tributaries. — In  addition  to  the  external  and  internal  iliacs,  by  whose  union 
they  are  formed,  the  common  iliacs  receive  but  a  single  tributarv,  the  middle  sacral 
vein  (v.  sacralis  medta),  and  this  opens  into  the  left  vcin.  It  accompanies  the  middle 
sacral  artery,  and  in  the  lower  part  of  its  course  it  is  frequently  doublo,  one  vessel 
lying  on  each  side  of  the  artery.  Opposite  each  sacral  vertebra  it  receives  a 
transverse  connecting  branch  from  the  lateral  sacral  veins  and  so  forms  with  these 
what  is  termed  the  anterior  sacral  plexus.  At  its  origin  it  communicates  \vith 
the  hemorrhoidal  veins. 

The  Internal  Iliac  Vein. 

The  internal  iliac  vein  (v.  hypOf;astrica )  (Fig.  767)  of  each  side  is  a  short  but 
rather  large  vessel,  which  accompanies  the  internal  iliac  artery,  Iving  to  its  medial 
side  and  in  a  plane  somewhat  posterior  to  it.  It  extends  from  the  neighborhood  of 
the  great  sacro-sciatic  foramen  to  the  level  of  the  sacro-iliac  svnchondrosis,  \vhere  it 
unites  with  the  external  iliac  to  form  the  common  iliac  vein. 

Tributaries. — Its  tributaries  corresp>ond  in  general  with  the  branches  of  the 
internal  iliac  arterv.  but  those  which  arise  in  the  pelvic  viscera  present  the  peculiarity 
that  thev  take  their  origin  from  more  or  less  extensive  plexuses  which  communicate 
with  one  another.  The  stems  which  pass  from  these  plexuses  to  the  internal  iliac 
also  anastomose  to  a  considerable  extent,  the  result  being  that  it  is  not  possible  in  aH 
cases  to  recognize  detinite  veins  corresponding  to  the  visceral  arteries. 

The  follovvinc:  are  the  tributaries  that  are,  as  a  rule.  to  be  recognized  :  (  i )  the 
gliitcal,  (2>  tlu*  latcra!  sacral,  (3)  the  ilio-liunbar,  {\)  the  sciaiic,  (5")  the  intinial 
pudiCs  (6)  the  obturator.  (  7  )  the  middle  hemorrhoidal,  f8)  the  uterine.  and  (9)  the 
1'esical  veins. 

I.  The  Gluteal  Vein, — The  gkiteal  vein  Tv.  glutaea  superior)  accompanies  the 
arterv  of  the  same  name.  Throughout  its  extrapelvic  course  its  tributaries  accom- 
panv  the  branches  of  the  arterv  as  valved  vena*  comites.  and  at  the  upper  part  of  the 
greater  sacro-sciatic  foramen  the  veins  accompanving  th<*  t\vo  main  branches  of  the 
arterv  unite  to  form  a  double  tnink,  united  by  numerous  anastomoses.  This  trunk, 
which  is  occasionallv  single.  passes  through  the  greattT  sacro-sciatic  foramen  above 
the  pvriformis  m\iscle  and,  after  a  short  intrapelvic  course.  opens  into  the  internal 
iliac  vein. 

Where  thcv  pass  through  the  greater  sacro-sciatic  foramen  lK>th  arter\'  and  vein 
are  surroundcd  by  a  dense  connective  tissue  \vhich  renders  their  separation  difficult 
and  brings  it  about  that  the  himen  of  the  vein  remains  patent  when  emptied  of  blood. 
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2.  The  Lateral  Sacral  Veins. — The  lateral  sacral  veins  (vv.  sacrales  tateralcs) 
are  usually  duuble,  and  pass  u|)ward  with  their  arteries  iipon  the  anterior  suriace 
of  the  sacruni  just  mcdial  to  the  anterior  sacral  luraniina,  and  open  abovc  eithcr 
directiv  Jnto  the  interna!  iliacs  or  inlo  the  gluteal  veins.  As  lhey  pass  each  sacral 
foranien  lh(;y  recei\'e  tributarics  from  the  internal  spinal  plexuses,  and  opposite  each 
sacral  vertebra  are  connected  by  iransverse  branches  with  the  middic  sacral  veins, 
these  anastomoses  fonning  the  anterior  sacral  plcxus. 

3.  The  Ilio-Lumbar  Vein. — The  itio-tuinhar  vein  (v.  iltolumbalis)  follous 
the  counie  of  the  corresponding  artery  and  its  branches  and  is  richly  supplied  witli 

Fio.  767. 


valvcs.  Its  lumbar  tribiitarv  rectives  some  of  the  Imvcr  inten-ertebral  veins  and 
occasionallv  the  last  liinihar,  and  anastonioses  with  the  louer  portion  of  the  ascending 
himiKir  vein.  The  iliac  tribiitarv.  ivhich  lx.'^Jins  over  the  crest  of  the  ilium  and  in 
the  siiliMtani-p  of  ilie  iliaciis  nntscle.  inakcs  anastnmoscs  «ith  tributaries  of  the  deep 
circnmflfx  iliac  vein  and  thiis  establishes  an  impnrtant  collateral  venous  path  betneen 
the  extcrnal  and  internal  iliacs. 

Ihe  main  stem  of  ihe  vein  is  a  sinj-le  tnink  which  opens  into  the  internal  iliac 
or  occasinn.illy  into  ilic  comnion  iliac, 

4.  The  Šciatic  Vein. — The  sciatic  vein  ( v.  glutaca  inferior)  of  either  side  of  the 
body  hiis  essentially  the  same  coiir.se  as  the  ci)rres|ionding  artery.      Its  extrapelvic 
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tributaries  are  venae  comites  of  the  branches  of  the  artery,  and  its  usua}ly  single 
main  stem  passes  through  the  greater  sacro-sciatic  foranien  below  the  pvriformis  to 
empty  into  the  internal  iliac. 

Anastomoses  of  comj;>aratively  large  calibre  occur  between  the  extrapelvic 
portions  of  the  sciatic  vein  and  the  internal  circumtiex  and  first  perforating  tribu- 
taries of  the  deep  femoral  vein,  thus  establishing  a  collateral  venous  path  between 
the  tributaries  of  the  internal  and  cxternal  iliacs. 

5.  The  Internal  Pudic  Vein. — The  internal  pudic  vein  (v.  pudenda  interna)  is 
associated  throughout  the  greater  part  of  its  course  wilh  the  artery  of  the  same  name. 
It  differs,  hovvever,  somewhat  in  its  origin,  since  it  is  not  the  direct  continuation  of  the 
dorsal  vein  of  the  penis  (or  clitoris),  although  it  communicates  with  that  vessel  by  a 
small  branch  immediately  belovv  the  symphysis  pubis,  but  is  rather  the  continuation 
of  the  veins  of  the  corpus  cavernosum  which  accompany  the  artery  to  that  structure. 
It  is  throughout  the  most  of  its  length  double,  anastomoses  between  the  two  stems 
surrounding  the  internal  pudic  artery.  It  has  its  origin  between  the  two  layers  of  the 
triangular  ligament  of  the  perineum  and  passes  backward  into  the  ischio-rectal  fossa, 
lying  with  the  artery  at  the  side  of  that  cavity  in  a  canal  {Alcock  s  canal)  formed  by  a 
splitting  of  the  lower  edge  of  the  obturator  fascia.  It  leaves  the  ischio-rectal  fossa  by 
the  lesser  sacro-sciatic  foramen  and,  curving  around  the  spine  of  the  ischium,  enters 
the  pelvis  through  the  lower  part  of  the  greater  sacro-sciatic  foramen  and  emptics 
into  the  internal  iliac. 

In  addition  to  the  communication  with  the  dorsal  vein  of  the  penis  (or  clitoris) 
already  mentioned,  the  internal  pudic  vein  makes  near  its  origin  a  connection  with  the 
pudendal  plexus  and,  as  it  curves  over  the  spine  of  the  ischium,  with  the  sciatic  vein. 

It  possesses  several  val  ves  arranged  in  a  rather  characteristic  manner.  Through- 
out its  course  through  the  penneum  it  is  valveless,  but  both  its  terminal  portion  and 
its  communication  vvith  the  pudendal  plexus  possess  valves  whose  concavities  look  in 
the  one  čase  towards  the  internal  iliac  and  in  the  other  towards  the  plexus.  Blood 
contained  in  the  perineal  portion  of  the  vein  may  flow,  therefore,  either  towards  the 
internal  ili«ic  directly  or  to  the  pudendal  plexus  (Fcnuick),  and  the  communication 
with  the  latter  cannot  well  be  regarded  as  the  origin  of  the  vein,  as  is  sometimes 
done. 

Tributaries. — In  addition  to  (<?)  the  vein  of  the  corpus  cavernosum  (v.  profunda  penis  vel 
ditoridis)  already  mentioned,  the  internal  pudic  vein  receives  numerous  tributaries  uhich  cor- 
respond  with  the  branches  of  the  arter>'.  Among  these  may  l)e  mentioned  '.  {b)  the  veins  of  the 
bulb  {^w\  bulbi  urethrae),  which  are  quite  numerous  and  issue  from  the  l)ulb  of  the  urethra  or  from 
the  bulbus  vestibuli  in  the  female,  these  latter  vessels  being  quite  large  ;  (r)  the  superficial  peri- 
neal veins  (vv.  scrotales  poateriores),  which  retum  the  blood  from  the  integument  and  superficial 
muscles  of  the  jH^rineum  and  fmm  the  posterior  surface  of  the  scn)tum  and  the  posterior  portion 
of  the  labia  majora,  anastoniosing  in  these  structures  with  the  tributaries  of  the  extemal  pudic 
veins;  (</)  the  inferior  hemorrhoidal  veins  (\'^'.  baemorrboidales  inferiores),  which  traverse  the 
ischio-rectal  space  from  the  neighborhtKKl  of  the  anus,  where  they  make  Communications  \vith 
the  hemorrhoidal  plex\is  oi  the  rectum. 

6.  The  Obturator  Vein. — The  obturator  vein  (v.  obturatoria)  accompanies  the 
obturator  artcrv  and  sharcs  in  the  variations  which  that  vessel  presents  (page  814). 
It  takes  its  origin  in  the  adductor  muscles  of  the  ihigh,  its  tributaries  uniting  to  form 
an  internal  and  an  cxternal  bninch,  which  cur^'e  around  the  margins  of  the  obturator 
foramen.  The  vein  formed  l>y  the  union  of  these  t\vo  branches  passes  through  the 
opening  in  the  uj)|^er  j)art  of  the  obturator  membrane  and  passes  across  the  lateral 
pelvic  wall,  Iving  immediatelv  belo\v  the  artery.  It  opens,  as  a  rule,  into  the  internal 
iliac  vein. 

Its  commiinii  r.tions  are  somewhat  extensive  and  importint.  Its  external  tribu- 
tar\'  branch  receives  l)ranches  from  the  scrotinn  or  labia  majora  and  through  these 
communicates  uith  the  external  pudic  veins.  At  its  p.tssiige  throui^^h  the  opening 
in  the  obturator  membrane  it  receives  branches  from  the  obturator  plexus,  which 
cover  both  surfaces  of  the  membrane  and  drain  the  oluurator  musck*s,  and  also  a 
branch  \vhi(  h  passes  (lownward  and  in\vard  upon  the  inner  surface  of  the  os  pubis, 
frequently  communicating  atove  with  the  pubic  tributary  of  the  deep  epigastric  vein. 
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Additional  Communications  are  made  with  the  vesico-prostatic  (vesico-vaginal) 
plexus  and  the  internal  pudic  vein,  and  also  with  the  internal  circumflex  branch  of 
the  deep  femoral  and  with  the  sciatic. 

7.  The  Middle  Hemorrhoidal  Vein. — The  middle  hemorrhoidal  vein  (v. 
haemorrhoidalis  medla)  has  its  origin  in  the  hemorrhoidal  plexus  of  the  rectum,  and 
after  receiving  tributaries  from  the  seminal  vesicles,  the  prostate  gland,  and  the  urinary 
bladder  in  the  male  and  from  the  vagina  in  the  female,  opens  into  the  internal  iliac 
or  one  of  its  tributaries.  It  is  a  comparatively  large  vein,  and  of  importance  in  that 
it  forms  through  its  connection  with  the  hemorrhoidal  plexus  a  communication 
betvveen  the  portal  and  inferior  caval  systems  of  veins. 

The  hemorrhoidal  plexus  (plexus  haemorrhoidalis)  which  surrounds  the  rectum 
is  composed  of  two  venous  net-works,  one  of  vvhich,  the  interna!  hemorrhoidal plextis, 
lies  in  the  submucosa  of  the  rectum,  vvhile  the  other,  the  extemal  hemorrhoidal plexus^ 
rests  upon  its  outer  surface.  The  internal  plexus  is  characterized  in  the  adult,  in  that 
portion  of  it  vvhich  lies  just  above  the  anal  opening,  by  the  occurrence  of  round  or 
elongated  bunches  (glomera  haemorrhoidalia)  formed  by  a  number  of  small  veins  coiled 
together  into  a  mass  resembling  somewhat  a  Malpighian  glomerulus.  Upon  the  veins 
vvhich  form  the  glomera,  or  upon  those  extending  between  adjacent  glomera,  ampuilar 
dilatations  occur  which  have  been  regarded  both  as  the  cause  and  as  the  result  of  the 
glomera  formation.  Be  that  as  it  may,  the  internal  hemorrhoidal  plexus  presents  in 
the  a^ult,  slightly  above  the  anus,  a  distinct  band  characterized  by  the  occurrence 
of  glomera  and  dilatations,  and  forming  what  is  termed  the  annulus  haemorrboldalis. 

The  internal  plexus  opens  partly  at  the  anal  orifice  into  the  branches  of  the 
inferior  hemorrhoidal  veins  and  partly,  by  branches  which  traverse  the  muscular  coats 
of  the  rectum,  into  the  external  plexus.  This  has  three  sets  of  efferent  veins : 
(i)  the  inferior  hemorrhoidals,  which  open  into  the  internal  pudic  ;  (2)  the  middle 
hemorrhoidals,  \vhich  pass  to  the  internal  iliac  or  one  of  its  branches  ;  and  (3)  the 
superior  hemorrhoidal,  which  leads  to  the  inferior  mesenteric  and  so  to  the  portal 
vein.  The  external  plexus  also  communicates  with  the  vesico-prostatic  plexus  in 
the  male  and  the  vaginal  i)lexus  in  the  female. 

8.  The  Uterine  Vein. — The  uterine  vein  (v.  uterina)  arises  opfK)site  the 
external  os  uteri  from  the  plexus  utero-vaginalis.  It  is  at  first  a  double  vein,  its  two 
trunks  accompanying  the  uterine  artery,  and  vvhere  that  vessel  crosses  the  ureter  one 
of  the  trunks  passes  with  the  arterv  in  front  of  the  duct  and  the  other  behind  it. 
The  two  trunks  then  usually  unite  to  a  single  vein,  which  passes  into  the  internal 
iliac,  frequently  receiving  the  vesical  veins  or  the  obturator. 

The  utero-vaginal  plexus  is  formed  by  the  veins  which  retum  the  blood  from 
the  uterus  and  vagina.  The  veins  in  the  substance  of  the  uterus  are  exceedingly 
thin-walled,  appearing  as  clefts  in  sections,  and  form  a  more  or  less  distinct  layer 
(stratum  vasculare)  in  the  muscular  wall  of  the  organ.  From  this  vessels  pass  to 
both  the  anterior  and  postcrior  surfaces  of  the  organ  and  follow  a  course  which  is 
outward  and  more  or  less  downward  towards  the  lateral  borders,  \vhere,  between  the 
t\vo  lavers  of  the  broad  ligament,  they  form  a  rich  plexus,  the  uterine  plexu8,  the 
vessels  of  \vhich  converge  towarcls  the  origin  of  the  uterine  vein,  opposite  the  extemal 
os  uteri.  The  vaginal  veins  form  a  rich  plexus  in  the  walls  of  the  vagina,  the 
emissaries  from  \vhich  are  directed  laterally  and  more  or  less  upward,  forming  along 
the  lateral  \valls  of  the  organ  a  rich  vaginal  plexus  \vhose  stems  also  converge  to 
the  uterine  vein  at  the  level  of  the  external  os  uteri.  These  t\vo  plexuses,  the  uterine 
and  vaginal,  are  continuous  at  the  level  of  the  external  os  uteri  and  form  together 
the  extensive  plexus  utero-vaginalis. 

At  the  fundus  of  the  utenis  this  plexus  niakes  abundant  connections  with 
the  panipinifonn  plexus  of  the  ovarian  veins  and  \vith  the  funicular  veins  which 
accompanv  the  ligamentum  teres.  Lower  do\vn,  throughout  its  uterine  portion,  it 
receives  affluents  from  the  plexus  of  veins  \vhich  occurs  between  the  layers  of  the  broad 
ligament,  and  the  lo\ver  part  of  its  vaginal  portion  makes  connections  anteriorlv 
\vith  the  vesico-vaginal  pk'xus  and  posteriorlv  \vith  the  external  hemorrhoidal  ple.\us. 

9.  The  Vesical  Veins. — The  vesical  veins  Cvv.  vesicales)  vary  somewhat  in 
number,  but  together  represent  a  vessel  of  considerahle  size.  They  arise  at  the  sides 
of  the  bladder  from  a  \vell-marked  plexus  vvhich  occupies  in  the  male  the  groove 
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between  the  prostate  gland  and  the  bladder  and  is  termed  the  vesico-prostatic  plexus. 
In  the  female  the  plexus  lies  at  the  sides  and  base  of  the  bladder,  and  from  its 
relations  posteriorly  is  knovvn  as  the  vesico-vaginal  pkxus.  From  their  origin 
the  vesical  veins  pass  upward,  outvvard,  and  backward  to  open  into  the  internal 
iliac. 

The  vesico-prostatic  or  vesico-vaginal  plexus  (plexusvesicalis),  occupying 
the  position  indicated  above,  is  formed  principally  by  the  veins  which  drain 
the  urinary  bladder  and,  in  the  male,  the  prostate  gland.  Posteriorly,  in  the 
male,  the  plexus  communicates  with  the  external  hemorrhoidal  plexus,  and  in  the 
female  with  the  vaginal  plexus,  and  anteriorly,  in  both  sexes,  it  communicates 
extensively  with  the  pudendal  plexus.  In  addition  to  the  drainage  which  it 
possesses  through  the  vesical  veins,  it  also  drains  by  way  of  the  obturator  veins, 
branches  from  it  joining  those  vessels  just  after  they  have  passed  through  the 
obturator  foramina. 

The  pudendal  plexus  (plexus  pudendalts),  also  knovvn  as  \\iQ^  plexus  of  Santo- 
rini,  occupies  the  space  between  the  lower  part  of  the  pelvic  surface  of  the  symphysi3 
pubis  and  the  anterior  surface  of  the  neck  of  the  bladder,  becoming  continuous 
posteriorly  at  the  sides  with  the  vesico-prostatic  (vesico-vaginal)  plexus.  Its  chief 
tributary  is  the  deep  dorsal  vein  of  the  penis  (clitoris)  (v.  dorsalis  penis  vd 
ditoridis),  which  is  a  single  large  vein  (sometimes  partly  double  in  the  female)  which 
passes  along  the  dorsal  mid-line  of  the  penis  or  clitoris,  beneath  the  deep  fascia 
(Fig.  767),  in  the  groove  between  the  two  corpora  cavernosa,  and  has  on  either  side 
of  it  one  of  the  two  dorsal  arteries.  It  receives  branches  from  the  corpora  cavernosa 
and  has  its  origin  in  two  veins  which  curve  from  belosv  upwarcl  around  the  base  of 
the  glans  penis  (clitoridis).  At  the  root  of  the  penis  (clitoris)  it  leaves  the  dorsal 
surface  and  perforatc^  the  triangular  ligament  of  the  perineum,  usuallv  just  belovv  the 
border  of  the  subpubic  ligament,  so  entering  the  pelvis.  It  then  hifurcates,  each  of 
the  branches  pjissing  into  the  pudendal  plexus.  Before  entering  the  |>elvis  it  gives 
ofi  on  either  side  a  small  branch  \vhich  unites  with  the  internal  pudic  vein,  thus 
representing  the  course  of  the  artery. 

In  addition  to  the  dorsal  vein  of  the  penis  (clitoris),  the  pudendal  plexus  also 
receives  branches  from  the  internal  pudic  vein  and  from  the  anterior  surfaces  of  the 
bladder  and,  in  the  male,  the  prostate.  It  communicates  posteriorIy  and  at  the 
sides  with  the  vesico-prostatic  (vesico-vaginal )  plexus,  and  through  it  finds  its  chief 
eflerents  in  the  vesical  veins,  although  it  is  also  drained  by  the  obturator  veins,  with 
each  of  which  it  communicates  by  one  or  two  branches. 

The  External  Iliac  Vein. 

The  external  iliac  vein  (v.  iliaca  externa)  (Figs.  766,  767)  begins  at  Poupart's 
ligament,  where  the  femoral  vein  becomes  continuous  \vith  it,  and  passes  upward, 
backward,  and  inuard  to  the  level  of  the  sacro-iliac  articulation,  where  it  unites  vvith 
the  internal  iliac  to  form  the  common  iliac. 

Its  course  is  along  the  line  of  junction  of  the  false  and  the  true  pelvis,  and  it  lies 
upon  the  inner  border  of  the  psoas  muscle  and  internal,  or  in  its  upper  part  internal 
and  posterior,  to  the  external  iliac  artery.  Near  its  tennination  it  is  crosseil  by  the 
internal  iliac  arterv.  on  the  left  side  almost  at  a  right  angle,  on  the  right  more 
obliquely.  \'alves  are  present  in  about  35  veins  out  of  100,  but  in  a  third  of 
such  cases    they  are  insufhcient. 

Tributarics. — The  tributaries  of  the  external  iliac  vein  are  :  ( i )  the  deep  epi- 
gastric  and  (  2)  the  dvep  circumflex  iliac  veins. 

I.  The  Deep  Epigastric  Vein. — The  deep  epigastric  vein  (v.  epigastrica 
Inferior)  has  its  origin  above  the  umbilicus  in  the  substance  of  the  rectus  abdominis 
muscle,  where  it  anastomoses  with  the  superior  epigastric  vein.  It  accompanies  the 
deep  epigastric  artery  iis  t\vo  venae  comites  which  unite  below  to  form  a  single  trunk 
opening  into  the  external  iliac  a  short  distance  above  Poupart's  ligament. 

Below  the  level  of  the  umbilicus  the  vein  is  provided  \vith  val  ves  uhose  concav- 
ities  are  directed  downward,  but  above  the  umbilicus  it  is  said  to  be  destitute  of 
valves.      It  receives  tributaries  from  the  rectus  muscle  and,  as  it  passes  beneath  the 
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internal  abdominal  ring,  from  the  spermatic  cord  or  round  ligamcnt  of  the  uterus. 
The  connectioiis  which  it  makes  with  other  veins  are  numerous  and  important 
Its  connections  with  the  superior  epigastric  vein  ha  ve  alreadv  been  noted  ;  by  this 
communication  is  established  between  the  superior  and  inferior  vena?  cavae.  In 
addition,  by  means  of  branches  vvhich  traverse  the  sheath  of  the  rectus  musde, 
it  communicates  with  the  subcutaneous  and  subperitoneal  veins  of  the  abdominal 
wall  and  with  the  parumbilical  veins,  forming  through  ihese  latter  a  connection 
with  the  portal  system  of  veins.  Finally,  by  means  of  a  pubic  branch,  which  is 
frequently  a  tributary  of  the  external  iliac  rather  than  of  the  deep  epigastric,  it 
communicates  with  the  obturator  vein,  and  by  the  enlargement  of  this  communication 
the  obturator  vein,  just  as  is  the  čase  vvith  the  artery,  may  become  a  tributary  of  the 
deep  epigastric. 

2.  The  Deep  Circumfiex  Iliac  Vein. — The  deep  circumflex  iliac  vein  ( v. 
circunitlexa  ilium  profunda)  has  the  same  course  as  the  corresponding  artery,  which 
it  surrounds  in  a  plexiform  manner.  It  possesses  valves  and  communicates  with  the 
iliolumbar  veins.  Near  its  termination  it  becomes  a  single  trunk  and  opens  into  the 
external  iliac  a  little  above  the  deep  epigastric  ;  occasionally  it  oj>ens  into  the  latter 
vessel. 

THE  VEINS    OF  THE    LOWER    LIMB. 

The  extemal  iliac  vein  is  the  channel  by  vvhich  the  blood  returning  from  the 
lower  limb  is  conveyed  to  the  inferior  vena  cava  and  is  the  direct  upward  continuation 
of  the  femoral  vein.  Instead,  houever,  of  proceeding  to  a  description  of  this  latter 
vessel  and  so  down  the  leg,  it  will  be  more  convenient  to  begin  the  account  of  the 
veins  of  the  lower  limb  vvith  those  of  the  foot  and  proceed  upvvard  to  the  femoral. 

As  in  the  upper  limb,  tvvo  practically  distinct  sets  of  veins  can  be  recognized  in 
the  leg  ;  one  set  is  more  or  less  deeply  seated  and  accompanies  the  arteries,  while  the 
other  is  superficial  and,  in  the  adult,  has  a  course  quite  independent  of  the  arterial 
distribution.     The  deep  veins  will  first  be  considcred. 

THE   DEEP  VEINS. 

The  Deep  Veins  of  the  Foot. 

The  deep  veins  of  the  šole  of  the  foot  have  their  origin  in  a  net-v*'ork  with 
more  or  less  distinctly  elongated  meshes,  vvhich  occurs  upon  the  plantar  surfaces 
of  the  digits.  These  are  the  plantar  digital  veins  (vv.  dif^itales  plantares),  and 
in  the  vvebs  of  the  toes  the  vessels  of  each  digit  unite  vvith  those  of  the  neighboring 
ones  to  form  a  series  of  plantar  interosseous  veins  (\t.  metatarseae  plantares) 
occupying  the  metiitarsal  interspaces  and  forming  venae  comites  for  the  plantar 
interosseous  (metacarpal)  arteries.  Ju.st  as  the  digital  veins  unite  to  form  the 
interosseous,  they  send  dorsal  branches  (vv.  intercapitulares),  which  unite  with 
the  dorsal  interosseous  veins,  and,  in  addition,  make  connections  with  the  sup>erfic]a] 
plantar  veins,  and  might,  indeed,  be  classed  vvith  these  quite  as  appropriately  as  with 
the  deep  set. 

The  plantar  interosseous  veins  pass  backvvard,  receiving  branches  from  the 
neighboring  muscles,  and  open  into  a  venous  plantar  arch  (arcus  venosus  plantaris), 
formed  by  the  venie  comites  of  the  arterial  plantar  arch.  These  are  continued  pos- 
teriorly  into  the  external  plantar  veins,  vvhich  pass  obliquely  across  the  foot  along 
vvith  the  corresponding  artery  and  unite  behind  the  inner  malleolus  vvith  the  internal 
plantar  veins  to  form  the  companion  veins  of  the  posterior  tibial  artery.  Both 
plantar  veins  give  of!  branches  vvhich  perforate  the  plantar  aponeurosis  and  communi- 
cate  vvith  the  superficial  plantar  veins,  and  connecting  vessels  also  pass  across  the 
šole  of  the  foot  betvveen  the  tvvo  veins. 

Vpon  the  dorsuni  of  the  foot  there  exist  the  dorsal  digital  veins  (%-¥.  disitalcs 
d(»rsales),  vvhich,  like  the  corresponding  pkuuar  veins,  mav  be  equally  classified  v*-ith 
supirtui.il  or  dee|)  veins,  since  thev  make  connections  vvith  both  sets.  In  the  websof 
the  toes  the  vessels  of  adjoining  digits  unite  to  form  the  four  dorsal  interosseous 
veins  (\\.  metatarseae  dorsales),  vvhich  occupv  the  metatarsal  interspaces  and  com- 
muiiicate  vvith  the  corresponding  plantar  veins  by  the  intercapitular  and  perforating 
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veins.  They  form  the  venae  comites  of  the  dorsal  interosseous  (metatarsal)  arteries  and 
open  into  the  conipanion  veins  of  the  metatarsal  artery.  These,  together  with  the  veins 
accompanying  the  tarsal  arteries,  open  into  the  venae  comites  of  the  art.  dorsvilis  pedis, 
and  these  in  turn  are  continuous  with  the  venie  comites  of  the  anterior  tibial  artery. 

The  Deep  Veins  of  the  Lfg. 

The  deep  veins  of  the  leg  are  the  venae  comites  of  the  posterior  and  anterior 
tibial  arteries  and  their  branches.  The  posterior  tibial  vcin  (v.  tibialis  posterior) 
is  formed  behind  the  internal  malleolus  by  the  union  of  the  internal  and  external 
plantar  veins,  and  consists  of  two,  or  in  many  cases  three,  veins  accompanying  the 
posterior  tibial  artery.  It  terminates  at  the  lower  border  of  the  popliteus  muscle  by 
uniting  \vith  the  anterior  tibial  veins  to  form  the  popliteal,  and  possesses  in  its  course 
from  eight  to  twenty  valves.  A  short  distance  below  the  popliteus  muscle  it  receives 
the  peroneal  veins  ( vv.  peroneae)  which  accompany  the  peroneal  artery.  They  are 
usually  of  larger  calibre  than  the  posterior  tibial  veins,  receiving  a  larger  share  of  the 
vessels  vvhich  come  from  the  posterior  crural  muscles.  and  they  anastomose  \vith  the 
posterior  tibials  by  frequent  transverse  branches,  and  also  \vith  the  anterior  tibials. 
They  possess  from  eight  to  ten  valves. 

The  anterior  tibial  veins  (vv.  tibiales  aoteriores)  are  the  up\vard  continuation 
of  the  venae  comites  of  the  art.  dorsalis  pedis.  They  accompany  the  anterior  tibial 
artery,  and  are  united  across  the  artery  by  numerous  transverse  anastomoses.  They 
pass  with  the  artery  to  the  posterior  surface  of  the  crus  above  the  interosseous  mem- 
brane and  unite  with  the  posterior  tibials  to  form  the  popliteal  vein.  They  make 
Communications  with  both  the  peroneal  and  posterior  tibial  veins  by  branches  vvhich 
perforate  the  interosseous  membrane,  and  are  furnished,  on  the  average,  vvith  about 
eleven  valves. 

The  Popliteal  Vein. 

The  popliteal  vein  (v.  poplitea)  (Fig.  768)  is  a  single  tmnk  formed  by  the  union 
of  the  anterior  and  posterior  tibial  veins  at  the  lower  border  of  the  popliteus  muscle, 
and  it  extends  from  that  point  to  the  op)ening  in  the  adductor  magnus  which  transmits 
the  femoral  artery.  It  is  throughout  closely  bound  down  by  dense  connective  tissue 
to  the  popliteal  artery,  and  lies  be\ween  that  vessel  and  the  internal  popliteal  nerve. 
Its  course,  however,  is  not  quite  parallel  to  that  of  the  arter\\  but  in  its  lower  part 
it  is  slightly  internal  to  the  artery  and  in  its  upper  part  some\vhat  extemal  to  it. 
The  popliteal  vein  possesses  from  one  to  four  valves  and  is  directly  continuous  above 
with  the  femoral  vein. 

In  additicni  to  the  popliteal  vein,  the  popliteal  artery  has  two  other  smaller  veins 
accompanying  it.  The  external  one  (v.  comitans  lateralis)  has  its  origin  from  the 
veins  issuing  from  the  outer  head  of  the  gastrocnemius  and  the  soleus,  and  passes 
up\vard  along  the  outer  surface  of  the  artery  to  open  into  the  popliteal  vein  at  about 
the  middle  of  its  course.  The  inner  vena  comitans  (v.  comitans  medialis )  is  formed 
by  the  veins  issuing  from  the  inner  head  of  the  gastrocnemius  and  ascends  along  the 
inner  side  of  the  arter}-,  making  connections  uith  the  inferior  and  superior  internal 
articular  veins,  to  open  into  the  popliteal  vein  just  below  the  opening  in  the  adductor 
magnus. 

Tributarics. — The  majority  of  the  tributaries  of  the  pn^pliteal  vein  corres{X)nd 
to  the  branches  of  the  popliteal  artery, — that  is  to  s;iy,  they  are  articular  and 
muscular.  In  addition  it  receives  the  short  saphenous  vein  at  about  the  middle  of 
its  course. 

Variations. — The  ix>plitfal  vein  may  be  considerablv  shorter  than  iisual  owinjj  to  the  fail- 
ure  of  the  lil)ial  veins  to  unite  at  the  ciistomar>'  level.  Not  infrei|uently  the  vein  is  double 
throughout  a  |M)rtion  of  its  course,  more  rarely  throughout  its  entire  lengtfi,  and  it  occasionallv 
lies  iHMieath  (  i.r.,  anterior  to)  the  arter>'. 

It  nortnallv  ("i>Tntniinicates  by  nieans  of  its  trilnitaries  uith  branches  of  the  deep  femoral 
vein,  and  ocrasioiiallv  this  romnuinication  In^comes  so  large  that  the  i>opliteal  seems  to  bifurc*ate 
above,  one  branch  InMoming  continuous  uith  the  femoral  and  the  other  with  the  deep 
femoral.     More  interesting  from  the  historical  stand-point  are  the  rare  cases  in  which  the  vein 
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tribular>'  of  the  intemal  iliac  vein.    This  last  arranKement  recalls  an  anonialy  occasioiull^  pre- 
sented  by  the  sciatic  arter}'  ( page  815),  and  is  probably  due  to  the  same  einbrya]ogkA]  o — '"^ — 
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The  Femoral  Vein. 
The  femoral   vein  (v,  femoralis)   (Fig.    769)   accomp;inies  the    femoral    arterj- 
Irom  the  opening  in  the  adductor  muscle  through  Hunters  canal  and    ,Scari>;i's 
triangle  to  its  beginning  at  the  lottcr  border  of  Pou[)art's  ligaiiient.     It  is  a  single 

Fj.i.  769. 
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trunk  and  is  the  direct  continuation  of  the  popliteal  vein  belovv,  and  it  terminates  by 
becoming  continuous  with  the  external  iliac  vein  above.  In  its  lower  part  it  lies 
slightly  external  to  the  artery,  but  throughout  the  greater  part  of  its  course  it  rests 
upon  the  posterior  surface  of  the  artery  and  is  enclosed  in  a  common  sheath  with  it 
Above  it  inclines  somevvhat  inwardly  and  comes  to  lie  upon  the  inner  surface  of  the 
artery,  between  it  and  the  femoral  canal.  It  possesses  from  one  to  five  pairs  of 
valves,  the  most  constant  pair,  present  in  8i  per  cent.  of  cases,  being  situated  in  the 
upper  5  cm.  of  the  vein  and  consequently  controlling  the  flow  from  ali  the  veins  of 
the  lower  limb. 

Tributaries. — The  tributaries  of  the  femoral  vein  correspond  with  the  branches 
of  the  femoral  artery,  although  some  of  them  communicate  with  the  vein  only  indirectly, 
opening  primarily  into  the  long  saphenous  vein,  which  is  itself  a  tributarj'  of  the 
femoral.  Thus,  the  long  saphenous  usually  receives  the  external  pudic,  superlictal 
circumflex  iliac,  and  superficial  epigastric  veins,  and  these  will  be  described  later 
with  the  saphenous  veins.  Of  the  remaining  tributaries,  (i)  ih^  deep /entorai,  (2) 
the  vena  comiies,  and  (3)  the  afiastomotica  magna,  the  first  two  deserve  special 
mention. 

1.  The  Deep  Femoral  Vein. — The  deep  femoral  vein  (v.  profanda  femoris) 
accompanies  the  deep  femoral  artery,  and,  like  it,  receives  as  tributaries  per^orating 
veins  (vv.  pcrforantes)  which  take  their  origin  upon  the  f)osterior  surface  of  the 
adductor  muscles  and  anastomose  with  one  another,  with  tributaries  of  the  p>opliteal 
belovv  and  with  the  sciatic  above.  The  lowest  perforating  vein,  which  represents  the 
actual  beginning  of  the  deep  femoral,  has  communicating  with  it  one  of  the  terminal 
branches  of  the  short  siiphenous  vein.  The  deep  femoral  vein  also  receives  the 
internal  and  external  circuniflex  veins  (vv.  circumfleia  femoris  medialts  ct 
lateralis)  which  accompany  the  corresponding  arteries  as  their  venae  comites,  the 
internal  circuniflex  anastomosing  with  the  sciatic  and  obturator  veins  and  so 
providing  for  a  possible  collateral  circulation  between  the  internal  and  extemal  iliac 
veins.  The  deep  femoral  opens  into  the  femoral  usually  about  4-5  cm.  below 
Poupart's  ligament,  but  not  infrequently  at  a  somewhat  higher  level,  and  the 
circumflex  veins  may  open  directly  into  the  femoral  instead  of  into  the  deeper  vein. 

2.  The  Venae  Comites. — The  venae  comites  of  the  femoral  artery  are  two  or 
three  small  stems  which  run  parallel  with  the  artery  and  vein  through  Hunters 
canal.  One  lies  to  the  inner  side  of  the  artery  (v.  comitans  medialis)  and  the  other 
to  the  outer  side  (v.  comitans  lateralis),  and  when  a  third  is  present  it  accompanies 
the  long  saphenous  ner\'e.  They  communicate  with,  or  in  some  cases  receive,  the 
veins  issuing  from  the  adjacent  muscles  and  open  into  the  femoral  vein,  usua]ly  a 
little  below  the  point  where  it  receives  the  deep  femoral  vein. 

Variations. — The  ix)rtion  of  the  femoral  vein  above  the  entrance  of  the  deep  femoral  is 
sometimes  termed  the  common  femoral  vein  and  the  rest  of  it  the  superficial  femoral.  the 
common  femoral  being  fomied  by  the  union  of  the  superficial  and  deep  veins. 

Occasionally  the  vein  lies  anterior  to  the  artery  throughout  a  considerable  portion  of  its 
course,  and  it  mav  lw  double  to  a  greater  or  less  extent,  the  two  veins  in  such  cases  either  Iving 
posterior  to  the  arter>'  or  one  on  either  side  of  it. 

It  occasionallv  passes  up  the  leg  behind  the  adductor  magnus,  passing  through  the  muscle 
where  it  is  nomiallv  ixfrforated  by  one  of  the  perforating  veins,  this  arrangement  being 
apparently  due  to  the  enlargement  of  a  connection  with  the  deep  femoral  and  of  the  anastomosis 
between  the  [)erforating  veins.  In  such  cases  the  femoral  artery  is  accompanied  by  one  or  two 
small  stems,  [jerbaps  representiiig  the  venae  comites,  and  in  those  cases  in  which  the  jx>p1iteal 
vein  passes  up  the  back  of  the  thigh  (page  911 )  the  femoral  is  also  greatly  reduced  in  size. 

THE  SUPERFICIAL  VEINS. 
The  SrPKRPiciAL  Veins  of  the  Foot. 

It  has  alreadv  l>een  pointrd  out  T  page  910)  that  the  dorsal  and  plantar  dig^tal 
veins  mav  1h*  grouped  either  \vith  the  superficial  or  deep  veins  of  the  foot,  since  thev 
(^onununicate  extensively  \vith  bolh  sets.  The  superficial  connections  of  the  plantar 
digilals  are  \vith  an  arcus  vcnosus  plantaris  cutaneus  which  nuis  across  the  foot  at  the 
bast^  of  the  loes  and,  bending  upward  over  the  edges  of  the  foot,  communicates  with 
the  dorsal  veins.      P()Steri()rly  to  this  arch  is  a  subcutaneous  net-work  (tete  vcnosoB 
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plantare  cutaneum)  which  ts  cspeciall)'  close  in  the  fatty  pad  beneath  the  hcel,  but  more 
open  towards  the  bases  of  the  toes.  This  net-work  makes  iiumerous  coniitctions 
with  the  deep  plantar  veins,  and  to  a  great  extent  is  drained  by  supeiiicial  emissaries 
which  pass  upward  over  the  borders  of  the  foot  and  open  into  the  superficial  dorsal 
veins.  These  emissaries  are  larger  on  the  inner  than  on  the  outer  side  of  the  foot.  and 
they  ali  have  a  somewhat  backvvard  as  well  as  an  tipward  direclion.  those  from  the 
most  posterior  portions  of  the  plexus  passing  direct!y  backward  and  upward  o\er 
the  tuberosity  of  the  heel.  Anterioriy  the  more  central  portions  of  the  net-wi)rk  drain 
into  ihe  superficial  plantar  arch  and  communicate  through  this  with  the  dorsal  \'eins. 
The  dorsal  digital  veins  form  by  theirunion  in  pairs  the  comnion  digital  veins 
(w.  digitales  commuaes  petfis),  which  correspond  in  position  to  the  dorsal  interosseous 
veins,  except  that  they  are  subcutaneous.  Posteriorly  these  \eins  anastomose  to  from 
a  more  or  less  regular  dorsal  subcu- 
taneous  arch  (arcus  venosus  dorsalis 
pedis),  which  extends  across  the  dors;il 
portions  of  the  metatarsal  bones,  being 
convex  distally  and  increasing  in  size 
Irom  the  outer  to  the  inner  border  of 
the  foot.  Pro.\imaIly  to  this  arch  there 
is  an  irregular  net-«ork  of  veins  (r«c 
venosoin  dorsale  pedis)  uhlch  makes 
numerous  connections  with  the  deep 
veins  and  passes  proximally  iniu  the 
net-work  of  the  anterior  surfacc  of  the 
cnis.  Towards  the  borders  of  the  foot, 
and  forming  the  lateral  and  mcdial 
boundaries  of  the  nel-work,  a  more  or 
less  distinct  longitudinal  marginal 
vein  can  l>e  seen  on  each  side  ( v\. 
narginales  lateralis  et  medialis),  and  it  is 
into  these  that  the  superficial  emissaries 
from  the  plantar  net-work  open  from 
below.  The  internal  marginal  \'ein  is 
somewhat  larger  than  the  external  and 
joins  the  dorsal  arch  to  form  the  tong 
saphenous  vein,  while  the  external  is  the 
principal  origin  of  the  short  saphenous. 


The  Short  S.APHENofs  Vein, 

The  short  or  exienial  saphenous 
vein  (v.  saphena  pana)  (Fig.  770)  is  the 
superficial  vein  of  ihe  back  of  the  crus. 
It  begins  behind  the  extcrnal  malleokis 
at  the  upwaril  conlinuation  of  the  ex- 
temal  marginal  vein  of  the  foot.  It  lics 
at  first  upon  the  outer  liorder  of  the 
tendo  Achillis.  Imt  lanr  takes  a  more 
metlian  position  and  asceiuls  ihc  pos- 
terior surface  of  the  leg  almost  in  the 
median  line.  .At  aUiut  the  middie  of 
the  leg  it  perforatvs  the  cniral  fascia 
vvard  rinirse  in  the 
two  heads  iif  the 
entering  the  pop- 
t^s  hy  dividing  into 
one  "i  tthich  (i|h'iis  into  the  posterii 
.'(■I  \vilh   the  iirigins   of    the  g;istri 


;   l)cnve. 


and  C 
groove 
gastrocni 
liteal  s|>a 
two  hranchis. 
ab<tut  nn  :■ 
farther  u]iv 


Supcilit 


iif  the  poplitfal  vein 
■  the  other  passes 


**ith  the    beginning  of    the  deep  fenioral    ' 
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The  short  saphenous  vein  possesses  froni  iiine  to  ten  valves  in  its  course  up  thc 
leg.  In  its  lower  part  it  accompanies  the  external  or  short  saphenous  ner\'e,  which 
lies  beneath  (/>.»  anterior  to)  it,  and  above  it  accompanies  a  branch  of  the  small 
sciatic  nerve. 

Tributarics. — The  short  saphenous  vein  drains  the  outer  border  of  the  foot 
and  the  whole  of  the  posterior  superficial  portion  of  the  crus.     Near  its  origin  it 
receives  the  posterior  emissaries  from  the  superficial  plantar  net-work,  and  throughout 
its  course  up  the  crus  it  receives  numerous  branches  from  the  superficial  net-work  of 
the  posterior  surface  of  that  portion  of  the  leg,  and  through  this  net-work  makes 
Communications  with  the  long  saphenous  vein.     The  terminal  branch  which  com- 
municates  with  the  deep  femoral  vein  receives  a  stem  known  as  the  v.  femoropoplitea. 
which  runs  downward  upon  the  back  of  the  thigh,  superficially,  receiving  branches 
from  the  posterior  superficial  net-work  of  the  thigh  and  communicating  above  with 
the  sciatic  and  gluteal  veins. 

Variations. — The  short  saphenous  vein  occasionally  opens  into  the  long  saphenous  by  the 
enlargement  of  one  of  the  anastomoses  between  the  two  vems,  only  a  small  vessel  representing 
its  communication  with  the  popliteal.  It  has  been  observed  to  continue  up  the  thigh  without 
or  with  but  a  small  communication  with  the  popliteal  and  deep  femoral  veins,  and,  entering  thc 
pelvis  vvith  the  ereat  sciatic  nerve,  to  open  into  the  intemal  iliac  vein.  In  such  cases  its  femoral 
portion  probably  represents  the  original  femoral  portion  of  the  sciatic  vein,  and  has  the  same 
sig^ificance  as  the  prolongation  of  the  popliteal  up  the  thigh,  of  which  mention  has  already  been 
made  (page  911). 

The  Long  Saphenous  Vein. 

The  long  or  internal  saphenous  vein  (v.  saphena  magna)  (Fig.  771)  has  its 
origin  in  the  junction  of  the  inner  end  of  the  dorsal  arch  of  the  foot  with  the  inner 
marginal  vein.  It  passes  upward  in  front  of  the  inner  malleolus  and  then  in  the 
groove  betvveen  the  medial  border  of  the  tibia  and  the  inner  border  of  the  gastrocne- 
mius  muscle.  As  it  approaches  the  knee-joint  it  bends  sHghtly  backward  to  pass 
behind  the  internal  condyle  of  the  femur,  and  then  continues  up  the  thigh  in  an 
almost  direct  course  to  the  fossa  ovalis,  where  it  pierces  the  cribriform  fascia  and 
opens  into  the  femoral  vein. 

It  is  subcutaneous  throughout  its  entire  course  and  possesses  from  twelve  to 
eighteen  valves,  some  of  vvhich,  especially  in  old  individuals,  are  apt  to  be  insufficient 
Throughout  its  course  up  the  crus  it  accompanies  the  long  saphenous  nerve,  and  in 
the  thigh  it  lies  at  first  along  the  line  of  the  outer  (anterior)  edge  of  the  sartorius, 
but  later  crosses  that  muscle  obliquely  so  as  to  lie  internal  to  it  above. 

Tributaries. — At  its  origin  the  long  saphenous  vein  receives  some  of  the  more 
posterior  internal  emissaries  of  the  plantar  net-work,  and  in  its  course  up  the  crus  it 
receives  the  blood  from  ali  those  portions  of  the  superficial  crural  net-work  which  do 
not  communicate  with  the  short  saphenous.  In  the  thigh  it  is  the  collecting  stem 
for  ali  the  superficial  veins,  those  from  the  posterior  surface  frequently  uniting  to  form 
an  accessory  saphenous  vein  (v.  saphena  accessoria),  while  those  from  the 
anterior  surface  may  form  an  extcrnal  superficial  femoral  vein  (Fig.  771). 

Throughout  its  entire  course  it  makes  numerous  connections  with  the  deep  veins, 
with  the  anterior  tibial  by  some  dve  or  six  branches  (zt:  saphcno-tibiales  anteriores), 
with  the  posterior  tibial  by  usually  three  (yi\  sapheno-tibiales  posteriores) ^  and  with 
the  femoral  or  one  of  its  tributaries  by  usually  a  single  one.  Various  Communications 
with  the  small  saphenous  also  occur. 

In  addition  to  these  various  connections,  the  long  saphenous  receives,  just 
More  its  entrance  into  the  femoral,  a  number  of  vessels  \vhich  accompany  some  of 
the  superficial  branches  of  the  femoral  arter}\  They  are  by  no  means  constant 
tributaries  of  the  saphenous,  but  frequently  pass  through  the  cribriform  fascia  to 
opt*n  dirtTtlv  into  the  femoral  vein. 

I.  The  £xternal  Pudic  Veins. — The  external  pudic  veins  (\'v.  padcndac 
cxternae )  are,  like  the  corresponding  arteries,  two  in  number,  one  superficial  and 
ont-  (iec'j>.  Thcv  have  their  origin  in  the  external  genitals,  receiving  numerous 
veins  from  the  anterior  surface  of  the  scrotum  (vv.  scrotales  anteriores)  or  the 
antt-Tior  portions  of  the  labia  majora  (vv.  labialcs  anteriores).     They  also  receive  a 
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single  or  paired  vtin  which  runs  along  the  dorsiil  suriaco  <if  ihe  iM;iiis  or  clitoris 
iininediately  beiieath  thc  intcgmcnt  (v.  dorsalis  peniK  (cliKiridU)  siibcutaaea),  aml  at 
the  syinphysis  jiubis  K-nds  latcr- 
ally  to  join  the  csternal  pudics. 

2.  The  SuperBcial  Cir- 
cumflex  Iliac  Vein.  —  The 
superticial  circmnfles  iliac  vein 
(v.  clrcumfleia  ilium  super&cialis) 
accompanies  the  artery  of  the 
same  name,  rcceiving  subcuta- 
neous  branches  (rom  the  lower 
lateral  portions  of  the  abdomen 
and  Irom  the  anterior  hip  region. 
It  [requently  unites  with  the 
superticial  epigastric  vein  before 
Opening  into  the  saphenous. 

3.  The  Superficial  Epi- 
gastric Vein. — The  su[:A?rticial 
epigastric  vein  (v.  epluastrica 
superficialis )  takcs  its  origin  from 
the  subcutaneous  veins  of  the 
lower  pan  of  the  anterior  abdom- 
inal  walt  as  high  as  a  littio  above 
the  umbilicus.  It  iii  joinod  at  a 
varj'ing  level  by  the  thoraco- 
epigasfric vein  (Fig.  775),  which 
opens  above  into  the  axillary 
vein,  and  is  occasioiiallv  pro- 
longed  downward  to  open 
independently  into  the  long 
saphenous. 

nous  vein  inay  perfor _    

lata  some  dislance  belo«-  ihe  fossa 
ovalis.  Itisnoi  infrtqut.'ntly  rtrplaced 
in  the  crural  |>orlion  of  its  coiiisc  bj'  a 
iiet-work()f  veins  in  »hlch  no  sjiecial 
maln  stem  can  be  reo.^nized.  and  in 
tiie  thig:h  it  is  occasionallj-  double. 

PraCTICai,  Consiiierations. 
— The  Ii.iAr  Veins  axi> 
THE  Veins  of  the  I.o\ver 

EXTREMITV. 

The  common  iliac  veins 
illustrate  the  rule  (Owen)  that 
beloiv  the  diajihragm  the  \eiiis  of 
the  tnink  are  on  a  plane  postcrior 
to  the  arterics  f  i'xcept  the  renal) 
and  inclinc  getnr.i!ly  to  the 
venous — thc  rijfht — siiic.  Thus 
the  left  ct>rnnion  iliac  is  alwa\-s 
on  thc  inntT  1  riirlu )  side  of  tfic 
corrtsjKmdinj>;    artorv    and    niti- 

matclv  crosses  the  riglit  aricrv,  " "'  .V^Ii«!'"'" '""" 

on  a  postcrior  plane.      Thc  right 

vein  iHgiiis  slighilv  to  thc  inncr  side  of  the  right  artcrv.  «hich  it  crosws — 
on  a  postirior  planc~lo  rcach  thc  right  side  of  the  fiflh  linnhar  vertebra.  Thesc 
relations  are   iniportmt   in  operations  on   thc  common   iliac  arteries   <page  ik)8j. 
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The  internal  iliac  vcins  may  become  involved  in  infections  of  any  of  the 
numerous  plexuses  from  which  their  tributaries  arise.  Thus,  pueq>eral  metritis 
may  not  only  lead  to  pelvic  cellulitis  Cpage  2014),  but  may  set  up  a  thrombo-phlebitis 
in  the  intra-uterine  veins  which,  spreading  to  the  internal  and  comnion  iliac  veins, 
will  obstruct  the  venous  current  from  the  whole  lower  extremity,  bringing  about  a 
wide-spread  oedema,  with  aching  and  tenderness  (phlegmasia  alba  dolens,  milk  1^). 
Similar  conditions  sometimes  follow  septic  infection  of  the  prostatic  vesical  and 
hemorrhoidal  plexuses.  The  practical  relations  of  these  venous  channels  have  been 
described  in  connection  with  the  prostate,  bladder,  and  rectum.  The  branches 
of  the  internal  iliac  vein  aid  indirectly  in  supporting  the  pelvic  viscera.  They  are 
apt  to  be  varicose  in  the  aged,  especially  in  females.  They  supply  the  blood  in 
cases  of  pelvic  haematocele. 

The  extcrnal  iliac  vein  is  frequendy  involved  in  femoral  phlebitis,  the 
continuity  of  direction  and  calibre  betvveen  it  and  the  femoral  being  practicallv 
unbroken. 

The  femoral  vein  is  not  infrequently  the  subject  of  thrombo-phlebitis,  descend- 
ing,  as  a  result  of  some  form  of  pelvic  infection  {vide  supra),  or  ascending,  follouing 
septic  infection  of  the  soft  parts  or  bones  of  the  lovver  extremity  ;  or  occasionally 
directly  caused  by  contusion  of  the  vessel  just  below  the  groin,  or  by  its  bruising 
during  forced  flexion  of  the  thigh.  Femoral  phlebitis  is  not  uncommonly  a  sequei 
of  enteric  fever  and  of  other  exhausting  diseases,  and  is  a  familiar  post-oj>erative 
complication  of  operations  for  the  removal  of  the  appendix,  the  uterus,  the  tubes  and 
ovarie»,  and  other  abdomino-pelvic  procedures,  even  vvhen  apparendy  unattended  by 
infection.  The  predisposing  causes  are  thought  to  be  the  relative  immobility  of  the 
patient  and  the  consequent  sluggishness  of  the  circulation,  especially  in  the  louer 
extremities,  the  dependent  position  of  the  limb  in  bed,  and  the  altered  constitution 
of  the  blood  (in  the  čase  of  fever)  ;  the  exciting  cause  is  probably  a  ver>'  slight 
degree  of  infection.  Pain  and  cedema  follow,  but  such  cases  almost  always  do  well. 
On  account  of  its  nearncss  to  the  artery,  both  vessels  are  often  wounded  at  the  same 
time,  with  the  resulting  formation — if  the  communication  between  them  is  direct — 
of  an  aneurismal  varix  ;  or  if  it  is  indirect — an  aneurismal  sac  inter\'ening — of  a 
varicose  aneurism.  Wounds  requiring  ligation  and  sudden  occlusion  of  the  vein 
from  any  cause  are  dangerous  from  the  risk  of  development  of  moist  gangrene. 
Lateral  suture  of  wounds  in  this  vein  has  been  successfully  employed  in  a  number  of 
instances.  The  femoral  vein  is  not  infrcquently  involved  in  ulcerative  malignant 
or  phagedenic  processes  implicating  the  skin  of  the  groin  and  upper  thigh,  or  the 
inguinal  lymphatic  nodes. 

After  ligation,  the  collateral  circulation  is  established  bet\*'een  the  veins  of  the 
buttocks  and  the  internal  circumflex  veins,  and  between  the  veins  of  the  pelvis  and 
the  external  pudic  veins. 

The  practical  relations  of  the  femoral  vein  to  femoral  hernia  have  been  described 
(page  1773). 

The  popliteal  vein,  together  with  the  arterv  (which  is  closer  to  the  bone,  and 
therefore  more  easily  compressed  or  torn),  has  been  lacerated  in  supracondyloid 
fracture  of  the  femur.  It  has  been  so  compressed  by  a  popliteal  aneurism  as  to  cause 
thrombosis  and  enormous  distention  of  the  veins  and  of  the  leg.  Owing  to  the 
unyielding  character  of  the  boundaries  of  the  ham,  it  may  also  be  sufficientlv  com- 
pressed by  inflammator}'  exudates,  by  abscess,  or  by  enlarged  bursae,  to  cause 
swelling  and  cedema  of  the  foot  and  leg.  The  vein  is  so  exceptionally  thick-walled 
that  in  spite  of  its  more  superficial  position  it  is  never  ruptured  alone,  but  only  when 
the  force  is  sufficient  to  tear  the  artery  also.  The  involvement  of  both  may  be  favored 
by  the  fact  that  the  two  vessels  are  so  closely  united  that  it  is  difficult  to  separate  them, 
and  this  also  favors  the  occasional  production  of  aneurismal  varix  or  varicose 
aneurism  after  stab-wounds.  This  close  connection  makes  the  denudation  of  the 
artcr}'  difficult  in  the  operation  for  its  ligation. 

The  veins  of  the  leg  are,  \vith  the  possihle  exception  of  the  veins  of  the 
pampiniform  and  hemorrhoidal  j)lexuses,  more  often  the  subject  of  varicositv  than 
any  other  veins  of  the  hodv.  This  is  dne  to  (O  the  high  blood-pressure  in  these 
veins,  resulting  from  (a )  the  erect  postu re  of  the  human  species  and  the  consequent 
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vertical  position  of  these  veins  ;  (d)  the  length  of  the  column  of  blood  they  carr>', 
extending,  in  the  čase  of  the  long  saphenous  vein,  from  its  beginning  at  the  ankle  to 
the  upper  orifice  of  the  inferior  vena  cava  ;  (c)  in  man  v  cascs  to  compression  above, 
as  froin  abdominal  or  pelvic  grovvths,  or  the  gravid  uterus,  or  from  garters.  (2)  In 
the  superficial  \'eins  the  frequency  of  varicosity  is  also  due  to  the  lack  of  adequate 
ex1^rnal  support  to  their  thin  and  distensible  walls,  the  saphenous  veins,  for  example, 
lying  outside  of  the  deep  fascia  in  loose  connective  tissue.  (3)  To  the  increased 
resistance  thatmust  be  overcome  at  the  points  where  the  deep  and  superficial  vessels 
communicate,  and  where  in  many  cases  the  varicosity  seems  to  begin.  At  such 
points  the  upward  current  of  blood  has  to  overcome — and  the  walls  of  the  veins  to 
support — not  only  the  downward  pressure  of  the  vertical  column  of  blood  in  the 
vessels  above  it,  but  also  the  resistance  of  the  blood-stream  driven  out  of  the  deep 
vein  by  the  contracting  muscles  betvveen  which  it  lies,  and  entering  the  superficial 
vein  at  a  right  angle.  The  valve  next  belovv  this  point  of  entrance  prevents  the  relief 
that  might  be  obtained  from  temporary  distention  of  a  long  lo\ver  section  of  the  vein 
and  limits  these  forces  to  a  circumscribed  area,  which  yields  and  becomes  varicose. 

The  venous  plexus  between  the  two  layers  of  the  muscles  of  the  calf  is  often  the 
seat  of  varices  of  great  size.  The  six  chief  veins  which  pass  from  the  soleus  muscle 
alone  to  enter  into  the  f)osterior  tibial  and  peroneal  trunks  have  a  united  diameter 
of  not  less  than  one  inch  (Treves). 

The  fact  that  each  of  the  saphenous  veins  is  accompanied  by  a  sensor)"  nerve 
accounts  for  the  aches  and  pains  associated  with  varicosity. 

THE  PORTAL  SVSTEM. 

The  portal  system  is  composed  of  aH  the  veins  which  have  their  origin  in  the 
walls  of  the  digestive  tract  below  the  diaphnigm  (with  the  exception  of  those  of  the 
lower  part  of  the  rectum)  and  includes  also  the  veins  which  return  the  blood  from 
the  pancreas.  spleen,  and  gall-bladder.  It  presents  a  marked  peculiaritv  in  that  the 
system  begins  and  ends  in  capillaries,  the  blood  which  it  contains  having  entered  its 
constituent  veins  from  the  capillaries  of  the  intestine,  stomach,  and  the  other  organs 
mentioned  above,  and  passing  thence  to  the  liver,  where  it  traverses  another  set 
of  capillaries,  by  which  it  reaches  the  hepatic  veins  and  so  the  heart.  Coming  as 
it  does  principally  from  the  intestine,  the  portal  blood  is  more  or  less  laden  with 
nutritive  material,  which  has  been  digested  and  absorbed  through  the  intestinal 
walls,  but  is  not  yet  in  a  condition,  so  far  as  some  of  its  constituents  are  concerned, 
suitable  for  assimilation  by  the  tissues.  To  undergo  the  changes  necessary  for  its 
conversion  into  assimilable  material  it  is  carried  by  the  portal  vein  to  the  liver,  and  as  it 
passes  through  the  capillaries  of  that  organ  it  undergoes  the  necessar\'  modifications. 

In  other  words.  the  portal  vein  stands  in  a  somewhat  similar  relation  to  the  liver 
that  the  pulmonarv  vein  does  to  the  lungs.  Its  purpose  is  not  to  convev  material  to 
the  organ  for  its  nutrition,  that  being  accomplished  by  the  hepatic  arteries  for  the 
liver  just  as  it  is  accomplished  by  the  bronchial  arteries  for  the  lungs,  but  to  carr)'  to 
the  liver  crude  material  upon  \vhich  the  organ  mav  act,  elaborating  it  and  retuming 
it,  as  required.  to  the  circulation  in  a  purified  and  assimilable  condition. 

The  inclusion  of  the  veins  of  the  spleen,  gall-bladder,  and  pancreas.  or  even  of 
those  of  the  rectum.  in  the  portal  svstem  is  to  be  explained  on  the  ground  of  topo- 
graphic  relatic^nship  rather  than  on  the  basis  indicated  above. 

The  main  stem  of  the  portal  svstem  will  first  be  described  and  then  its  tributaries 
in  successioii. 

The  Portal  Vein. 

The  portal  vt-in  (v.  portac)  (  Figs.  772,  774)  is  form ed  hehind  the  head  of  the 
pancreas  by  llu*  union  of  the  superior  mesenteric  and  splenic  veins.  the  latter  receiving 
the  inferior  iiu\sfnteric  vein  shortly  before  its  union  \vilh  the  superior  mesenteric. 
The  two  veins  unite  almost  at  a  right  angle.  and  from  their  pi>int  of  union  the  portal 
vein  passes  ohli(]utly  upuard  and  to  the  right.  along  the  free  i^cl^v  of  the  lesser 
omentum,  louards  the  transverse  fissure  of  the  liver.  There  it  divides  into  two 
trunks,  of  \vhich  the  right  is  the  larger  and  shorter  and  quickly  bifurcates  into 
an  anterior  and   a  posterior  branch.      It  is  distributed  to   the  whole  of  the  right 
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lobe  of  the  liver  and  to  the  greater  part  of  the  Spigelian  and  quadrate  lobes,  the 
remainder  of  these  lobes  and  the  left  lobe  receiving  branches  from  the  left  trunk. 

The  trunks  of  the  vcin  or  their  branches  enter  the  substance  of  the  liver  and 
divide  in  a  more  or  less  distinctly  dichotomous  manner  to  form  interlobtilar  irins, 
tthich,  as  their  name  indicates,  occupy  a  position  betiveen  the  lobules  of  the  organ, 
and  gi\e  ofi  capillaries  which  traverse  the  lobule  and  empty  into  the  intralobiilar 
veins,  the  origins  of  the  hepatic  veins. 

The  portal  vein  measures  about  8  cm.  (3^  in. )  in  length  and  ha5  a  diameter  d 
from  1.3  to  3  cm.  Its  walls,  especially  in  its  upper  portion,  contain  a  considerable 
quantity  of  muscle-tissue  and  it  is  destitute  of  valves. 

Relations. — At  its  origin  the  portal  vein  lles  behind  the  head  of  the  pancreas 
and  to  the  left  of  the  vena  cava  inferior.     As  it  ascends  it  comes  to  lie  at  first  behind 


Ponal  vem  anA  it>  tilbuiirlct:  \\\tc  ha>  becii  puli«)  upwanl. 

the  first  portion  of  the  duodcniim  and  thcn  between  the  two  layers  of  the  lesser 
omcntum.  In  this  latter  portion  nf  its  course  it  is  associated  with  the  hepatic  arterj- 
and  the  common  bile-ducl,  both  of  which  lie  anterior  to  it,  the  artery  to  the  left  and  the 
duct  tci  the  right.  It  cnters  the  transverse  fissure  tovvards  its  right  e.\tremity,  hence 
the  shortness  of  the  ri^ht  tnmk  compared  with  the  left,  and  its  trunks  have  in  front 
of  thent  the  branches  of  the  hepatic  artery,  the  hepalic  ducts  lying  anterior  to  these. 
Tributaries. — The  tributarics  of  the  portal  vein  are  :  ( i)  the  superior  mesen- 
tcric.  {2')  the  s/>lniif.  (3)  the  inferior  mesenteric.  (4)  ihe  gastric.  (5)  the^/om, 
and  (  6  )  tlu'  fvstir  veins.  In  addition  to  these  |>rincipal.  tributaries,  the  portal  vein,  or 
ils  br;in('ht-s  \vithin  the  livi-r.  aiso  recdvos  a  nnmber  of  sniall  veins  which  have  their 
origin  in  the  falciform  ligamenl  of  the  liver  and  in  the  Itsscr  omenlum,  and.  further- 
mnrc,  it  reccives  at  the  transverse  fissure  (7)  -Aornc  pariimbilical  veins  which  ascend 
thr  anterior  abdominal  «all  along  with  the  rnuncl  liganient. 
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I.  The  Superior  Mesenteric  Vcin. — The  superior  mesenteric  vein  (v.  mesen- 
terica  superior)  (Fig.  773)  accompanies  the  arterv  of  the  same  name,  Iving  upon  its 
right  side.  It  has  its  l>eginning  somewhere  in  the  neighlK)rhoo<l  of  the  tenninal 
portion  of  the  ileum  and  ascends  in  the  line  of  attachment  of  the  mesenterv.  Above, 
it  passes  over  the  third  portion  of  the  duodenum  and  then  betAveen  that  portion 
of  ihe  intestine  and  the  lower  border  of  the  pancreas,  uniting  bchind  the  head  of  the 
pancreas  with  the  splenic  vein  to  form  the  portal  vein.      It  possesses  no  viUves. 

Tributaries.— The  tributaries  of  the  superior  mesenteric  vein  corres|X)nd  with  the  branches 
of  the  correspondiiig  arter>',  except  that  it  receives  in  addition  the  jKincrcatico-duodeiial  and 
right  gastro-epiploic  veins  which  accompany  the  similarly  nanied  branches  of  the  hepatic  artery. 

{a)  The  veins  of  the  small  intestine  (vv.  intestinalet)  have  their  orif^^in  in  the  walls  of  the 
small  intestine  froni  the  last  portion  of  the  duodenum  to  within  a  short  dislance  of  the  ileo-caecal 
valve.  Their  arrangement  is  essentially  similar  to  that  of  the  arteries  of  the  small  intestine,  the 
numerous  small  branches  \vhich  emerge  from  the  intestine  being  united  by  transverse  anasto- 
moses,  as  a  rule  more  numerous  than  those  of  the  arteries,  and  forming  one  or  more  series  of 
venous  arcades  lying  l)etween  the  two  layers  of  the  mesenter>'.  From  these  arcades  branches 
arise  which  pass  towards  the  superior  mesenteric  vein,  gradually  uniting  to  fonn  about  twenty 
stems  which  open  independently  into  the  superior  mesenteric.  The  branches  of  origin  of  the 
intestinal  veins,  just  after  they  emerge  from  the  intestine  are  provided  with  valves  in  the  child, 
but  they  iisually  dej^enerate  more  or  less  completely  l)efore  adult  life. 

(d)  The  Ueo-colic  vein  (v.  ileocolica)  arises  at  the  junction  of  the  ileum  and  ciecum  by  the 
union  of  a  caecal  and  an  ileal  branch,  the  latter  of  which  anastomoses  \\  ith  the  origin  of  the 
superior  mesenteric.  The  caecal  branch  receives  an  appendicular  vein  from  the  appendix  vermi- 
formis,  and  the  main  stem  passes  upward  between  the  two  layers  of  the  niesenter>'  to  o|>en  into 
the  superior  mesenteric  just  before  it  passes  over  the  duodenum. 

(r)  The  right  colic  veins  ( vv.  colicae  destrae)  originate  in  the  walls  of  the  ascending  colon 
and  are  two  or  three  in  number.  They  anastomose  by  transverse  branches  with  the  ileo-colic  and 
middle  colic  veins  and  pass  almost  horizontally  medially  to  open  into  the  su|)erior  mesenteric. 

(d)  The  middle  colic  vein  (v.  colica  media)  cmer^fs  from  the  transverse  colon  by  a 
number  of  small  branches  which  an.istomose  to  the  right  and  left  with  the  right  Jind  left  colic 
veins,  and  unite  to  a  single  stem  which  opens  into  the  suj^erior  mesenteric  just  before  it  |)asses 
beneath  the  |>ancreas. 

{e)  The  right  gastro-epiploic  vein  (v.  ffastroepiploica  dextra)  runs  from  left  to  right  along 
the  greater  cur\ature  of  the  stomach,  conmiunicating  directiv  with  the  left  gastro-epiploic  at 
about  the  middle  of  the  cur^iture.  It  receives  tributaries  from  the  louer  portions  of  the 
anterior  and  ix)sterior  surfaces  of  the  stomach  and  from  the  greater  omentum,  and  o|)ens  into 
the  superior  mesenteric  shortly  before  its  union  with  the  splenic.  It  <x:casionally  receives  a 
pancreaticoKluodenal  vein,  and  may  unite  with  the  middle  colic  vein  to  form  a  gastro-colic 
vein  instead  of  t>jx'ning  directly  into  the  superior  mesenteric. 

(/)  The  pancreatico-duodenal  veins  (vv.  pancreaticoduodenalea),  like  the  arteries,  may  be 
two  in  number,  one  of  uhich  opens  directly  into  the  superior  mesenteric  and  the  other 
into  the  right  gastR>-epiploic.  Frequently,  however,  they  are  broken  up  into  a  number  of 
separate  vessels  arising  indeiK*ndently  from  each  of  the  two  viscera  concemed,  the  duodenum 
(vv.  duodenales)  and  the  head  of  the  pancreas  (vv.  pancreaticae). 

2.  The  Splenic  Vein. — The  splenic  vein  (v.  lienalis)  (Fig.  774)  is  fomied  by 
the  union  of  five  or  six  branches  which  emerge  from  the  hiluni  of  the  spleen.  It  passes 
almost  horizontallv  to  the  right  belo\v  the  splenic  arterv,  resting  at  first  uj>on  the 
upp>er  border  of  the  pancreas,  hiit  later  coming  to  lie  lx.*hind  that  organ.  Behind  the 
head  of  the  pancreas  it  unites  \vith  the  superior  mesenteric  to  form  the  portal  vein. 

Tributaries. — These  < orresiK^nd  with  the  branches  of  the  arten,-,  and  in  addition  it  receives 
near  its  temiination  the  inferi«>r  mesenteric  vein,  which  for  purjK)sesof  description  will,  ho\vever. 
be  regarded  as  indeiHMulent. 

ia)  The  short  gastric  veins  (vv.  caAtricne  breves)  arise  from  the  fundus  of  the  stomach  and 
pa.ss  lK*tween  tlu-  lavcp^  «>f  the  gastro-splenic  omentum  to  o[">en  jKirtlv  into  the  splenic  vein  and 
I^artlv  into  its  hranclu-s  (»f  ongin  as  thev  emerge  from  the  hihim. 

(A)  'Hie  left  gastro-epiploic  vein  (v.  caMroepiploica  niniMrn^  passes  fnmi  right  to  left  along 
ihe  greater  m natiire  <>t  the  st«»niach.  cunimunicating  din.H?tly  with  the  right  gastro-epiploic  iibout 
half-\vay  alt>iig  tlu-  riinature.  It  receives  branches  from  the  Io\v<t  [x>rti<^ns  of  l)oth  surfaces  of 
the  stomach  and  fronr  the  greater  omentum.  and  opens  into  the  splenic  vein  near  its  formation. 

ir)  The  pancreatic  veins  ivv.  p.incre.itic.ie\  uhich  mav  Ih'  five  or  more  in  numlK*r,  open 
into  the  splenic  vein  at  various  |)oints  in  its  passage  In^hind  the  pancrea.s. 
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3.  The  Infcrior  Mesenteric  Vcin. — The  inferior  mesenteric  vein  (v.  ncscn- 
terica  inferior)  ( ^ig.  774^  is  formed  b)-  the  junction  of  the  superior  hemorrhoidal  and 
sigmoid  veins  opposite  the  sigmoid  flexure  of  the  colon,  and  passes  upward  in 
cotnpany  with  the  corresponding  anery.  It  is  coniinued  on,  however,  beyond  the 
point  where  the  artery  arises  from  the  abdominal  aorta,  lying  behind  the  peritoneum 
slightly  medial  to  the  ascending  colon,  and,  finatly,  it  passes  beneath  the  pancreas 


to  open  usuall)-  int<)  the  splenic  \ein  not  far  from  its  union  with  the  superior 
mcst-nttric.  Occasionallv  it  opens  into  the  latter  vein  (Fig.  774)  or  else  equalty 
intc)  lx(lh,  thus  taking  a  ilirect  part  in  the  formation  ol  the  portal  vein, 

Tributaries.— lis  lrilnnarii-s  ciirrt-s|>on(i  to  ihe  branches  of  the  arter>'. 

\a)  '['lii-  superior  hemoTrhoidal  vein  Iv.  hatmorrhaidaliH  superior)  has  its  origin  from  Ibe 
ii|>li.r  i.iiri  of  Ihc  hcnuirrhriidal  plt-,\iis  bv  stveral  braiichcs,  and.  passing  upward,  unites  wilh  the 
sii;iTii lid  viiiis  tli  inrin  llic  mfcriiir  mesi-nteric.  ThriiiiKh  Ihe  hemorrhoidal  plexus  it  commtini- 
r-atfs  H-iili  ilii-  niiddlf  and  inferior  huiiiorrhoidal  veins,  thus  placing  the  portal  and  inferior  caval 

{Al  TI11'  sigmoid  veins  (vv.  ^iKmnideae  I  are  variabic  in  nunil>er  and  pass  from  the  sigmoid 
tlrxiir.-and  thi-  limiT  [nirtiim  of  ili.'  (U-scfndinj;  colon  lo  Ihe  inferior  mesenteric,  IhelowestatK 

iiniljiii;  H-ilh  th,>  -;ii|«ri<>r  liemnrrhiHdfll  tii  form  that  vvin. 
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(r)  The  left  colic  vein  (v.  colica  sinistra)  has  its  origin  in  the  walls  of  the  descending  colon, 
anastomosing  above  wilh  the  middle  colic  and  below  with  the  sigmoid  veins.  It  passes  medially 
to  open  into  the  upper  part  of  the  inferior  mesenteric. 

4.  The  Gastric  Vein, — The  gastric  vein  (v.  coronaria  ventriculi)  (Fig.  772) 
accompanies  the  gastric  artery  along  the  lesser  curvature  of  the  stoniach.  It  has  its 
origin  at  the  pyloric  end  of  the  stomach,  where  it  anastomoses  with  the  pyloric  vein, 
and  passes  at  first  from  right  to  left  along  the  lesser  curvature,  receiving  tributaries 
from  the  upper  part  of  both  surfaces  of  the  stomach.  At  the  opening  of  the 
oesophagus  into  the  stomach  it  makes  connections  with  the  oesophageal  veins,  and 
then  bends  upon  itself  and  passes  from  left  to  right  behind  the  posterior  wall  of  the 
lesser  sac  of  the  peritoneum,  and  terminates  either  in  the  portal  vein  or  in  the  splenic 
shortly  before  its  union  with  the  superior  mesenteric. 

The  peculiar  reflected  course  of  the  gastric  vein  is  readilv  understood  if  it  be  remembered 
that  the  adult  position  of  the  stomach  is  a  secondary  one.  VVhen  first  fomied  the  long  axis  of 
the  stomach  is  practicall)-  vertical,  the  pyloric  end  beine  directed  downward,  and  a  vein  starting 
at  the  pylorus  \vill  have  a  direct  ascending  course  to  the  portal  vein.  \Vhen  the  stomach  as- 
sumes  its  adult  position  the  course  of  the  vein  with  reference  to  the  viscus  does  not  aher,  and 
consequently  it  passes  from  pylorus  to  cardia,  and  must  then  bend  back  upon  itself  to  reach  the 
portal  vein. 

5.  The  Pyloric  Vein. — ^The  pyloric  vein  (v.  pylonca)  (Fig.  772)  accompanies 
the  pyloric  branch  of  the  hepatic  artery.  It  takes  its  origin  at  the  pyloric  end  of  the 
stomach,  where  it  anastomoses  with  the  gastric  vein,  and  passes  downward  to  open 
into  the  portal. 

6.  The  Cystic  Vein. — The  cystic  vein  (v.  cystica)  (Fig.  772)  returns  the 
blood  from  the  walls  of  the  gall-bladder  and  opens  usually  into  the  right  trunk  of  the 
f)ortal  vein.      It  is  frequently  represented  by  two  separate  stems. 

7.  The  Parumbilical  Veins. — The  parumbilical  veins  (vv.  parumbilicales)  are 
a  number  of  small  veins  which  have  their  origin  in  the  anterior  abdominal  wall  in  the 
neighborhood  of  the  umbilicus  and  pass  upward  in  the  fold  of  peritoneum  which 
contains  the  round  ligament  of  the  liver.  They  anastomose  below  with  both  the 
superficial  and  deep  epigastric  veins  and  also  with  small  vessels  \vhich  pass  down- 
ward  alongside  of  tne  urachus  to  empty  into  the  vesical  plexus.  Above,  the  majority 
of  them  enter  the  quadrate  and  left  lobes  of  the  liver,  but  one  of  them,  the  vena 
supraumbilicalis,  enters  the  substance  of  the  round  ligament  at  a  varying  leve!  and 
opens  into  the  more  or  less  extensive  lumen  of  that  structure,  which  represents  the 
umbilical  vein  of  fcetal  life.  This  lumen  appears  to  |>ersist  in  the  majority  of  cases, 
although  greatly  reduced  in  size  from  that  of  the  umbilical  vein,  and  may  extend 
throughout  almost  the  entire  length  of  the  round  ligament,  although  perhaps,  more 
usually,  it  is  limited  to  its  upper  part,  and  opens  into  the  right  trunk  of  the  portal 
vein.  VVhen  the  lumen  is  entirely  obliterated  it  is  possible  that  the  supraumbilical 
vein,  which  has  also  been  termed  the  cLccessory  poAal  vein,  may  open  directly  into 
the  f)ortal  vein. 

Collateral  Circulation  of  the  Portal  Vein. — Considering  the  fact  that  the  portal  vein 
terminates  in  capillaries  in  the  substance  of  the  liver,  it  is  evident  that  certain  pathological 
conditions,  such  as  cirrhotic  changes,  which  may  occur  in  that  organ,  wiU  more  or  less  completely 
interfere  \vith  the  retum  of  the  blood  to  the  heart  from  the  intestine,  spleen,  and  pancreas,  by 
producing  an  obliteration  of  the  capillaries.  The  possibilities  of  a  collateral  circulation  are 
therefore  important,  and  a  number  of  routes  occur  by  which.  under  stress,  the  blood  of  the 
portal  venous  svstem  may  j^ass  around  the  liver  and  reach  the  heart  through  one  of  the  other 
s>'stems.  The  functional  capabilities  of  these  various  routes  are  furthered  hy  the  fact  that  none 
of  the  tributaries  of  the  portal  vein  possess  valves  except  in  their  finer  branches.  and  the  bUK)d 
can  therefore  Hou-  in  them  in  a  reverse  direction  if  necessary.  The  principal  collateral  routes 
are  as  follows : 

1.  Throuf^hthe  f^astric  vrin  the  bUv>d  may  pass  to  the  resophageal  veins  and  thence  to  the 
azygos  and  hemiazvgos  veins.  \Vhen  this  route  is  functional  the  oesophageal  veins  become 
enlarged  and  frecjnentlv  varicose,  forming  c<intorted  elevations  upon  the  surface  of  the  f rsophagus. 

2.  Throua^h  the  superior  hemorrhoidal  veins  connections  are  made  by  way  of  the  hemor- 
rhoidal  plexus  \vith  the  hemorrhoidal  branches  of  the  intemal  iliac.  These  connections  seem, 
however,  to  h^  less  frequently  functional  than  either  the  cardiac  or  parumbilical  routes. 
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3.  Through  tke  umbUua!  and  suprautnbilual  vdns  lo  the  su|>erficia1  or  deep  epigastrics  and 
so  to  the  extemal  iliac  veins.  It  is  intcresting  lo  note  thal  in  cases  where  this  route  i:>  functiona! 
the  eniargement  of  Ihe  superficial  e{Hgastric  veins  is  usually  accompanied  by  a  tlevelopment  ti 
varicosities  upon  theni,  uhile  Ihis  is  not  the  čase  ujth  ihe  deep  epigastrics.  An  exp1an3tjun  ot 
this  difference  has  been  found  In  the  fact  that  the  deep  veins,  before  opening  into  the  externai 
iliac.  bend  sHghtly  backward.  so  thal  their  oritices  are  directed  in  the  same  way  as  the  Hou'  d 
blood  in  the  laiger  stem,  uhereas  the  superficial  epigastrics  open  from  above  into  the  long 
saphenous  veins,  their  orihces  being  opposed.  therefore,  to  the  now  uf  hlood  in  the  saphenous, 
— a  condition  which  naturally  predisposes  touards  stasis  of  the  blood  in  the  epigastrics  and.  ii 
may  be  remarked,  aiso  of  that  in  the  saphenous. 

These  are  the  principal  routes.  but  it  must  be  noted  that  anastomoses  aIso  exist  betweeii 
the  portal  sysiem  and  the  phrenic  veins  by  means  of  Ihe  small  veins  whlch  descend  towards  the 


Fig.  774. 


hvtr  in  thv  (iildfonn  ligament,  and 
by  [HC^iiis  ol  retr(>|>eritoiiea]  anastoni 
H-hicIi  :irc  <)uitt  small. 

I'iniilly,  it  ni:iy  l>e  mcnlicmed  thal  : 
llii:  |>i>rtal  hranches  uith  Ihose  of  othe 
shori  g^Lstrics,  or  the  pyU>rip  vein  may 
;iKtnnfpi|)loic  wilh  the  renals 


Ihe  C 


rresponding  kidiiey  ;  and  ihe  duodtnal  branches  may  open  i 


illi  ihe  inferior  caval  syslen 
the  peritoneal  and  mesenteric  \t. 
knoivn  as  the  veins  o/  Retziits. 
and  therefore  inconsi 

have  been  obstTved.     Thus  the  gastric,  the 
wiih  the  phrenics;  the  splenic  or  the  left 
left  colic  vvith  Ihe  branches  from  the  fatty  capsule  o( 


a  the  inferior  v 
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Practical  Considerations. — The  portal  systeni  may  be  obstructed  b/  (a) 
tumors  orswellings  involviiij;  the  livor  itself,  as  carcinoma,  hydatids,  or  absctss  ;  {d) 
enlargement  oE  tlie  gall-bladdcr  froin  new  growth  or  fruiii  ouncretioiis  ;  (c)  tumon* 
o(  coRtiguous  structures,  iis  disease  of  lymph>nodes  in  thc  portal  lissure  or  bctween 
the  layers  of  the  lesser  omentum,  or  carcJnoma  of  the  head  of  the  [tancreas  ;  (d) 
disease  of  the  livcr  tissue,  espccially  cirrhosis  (chronic  interstitial  hepatitis;  in 
which  the  interlobular  \eins  are  coinpressed  by  the  coiitractioii  of  the  coniieclive 


Fio.  775. 


tissiic  in  the  spaccs  t>etweon  the  lobulcs  ;  (c)  vaKular  diseaso  of  the  heart  leading  to 
b;ickward  ]>ri'ssiin-  thrniijih  the  cava  and  hepatic  and  iniralohular  veins  which  finallv 
reachcs  the  liniiinal  capillani.>s  iif  the  portal  vein  and  thtn  the  interlobular  veins 
and  the  cntire  portal  svstim,  n-sultinK  in  some  cases  in  the  so-called  niitmeg  liver 
(cvanotic  atrophv ).  The  conseqiienccs  of  portal  obstruction  are  varions,  but  inay,  as 
a  rule,  easilv  be  iinderstood  by  referring  each  syniptoni  to  its  anatomical   basis  in 


926 


HUMAN   ANATOMV. 


obstniction  of  one  or  the  other  of  the  venous  tributaries.  The  chief  results  are : 
(i)  Eniargement  of  the  liver  itseU,  at  liret  congesiive,  later  from  hyperpla5ta. 
Ditninution  in  the  quantity  of  bile  or  alteration  in  its  character  may  cause  constipa- 
tion  and  indigcstion  ;  or  escape  of  its  coloring  matter  and  its  absorptJon  by  the 
hepatic  veins  may  give  rise  to  jaundice.  (2)  From  congestion  of  the  gastric  and 
intestinal  mucosa  (through  the  superior  and  inferior  mesenteric,  splenic,  and  gastric 
tributaries)  there  may  develop  indigestion,  flatulence,  eructations,  and  vomiting,  often 
bloody  ;  serous  e.xudation  into  the  bo wel— intestinal  indigestion,  and  diarrhcea,  some- 
times  with  black  stools  from  decomposed  blood — or  into  the  general  peritoneal 
cavity — ascites  ;  eniargement  and  tenderness  of  the  spleen  ;  hemorrhoids  (from  the 
communication  between  the  niiddle  and  inferior  heinorrhoidal  veins — systemic — and 
the  superior  hemorrhoidal  \ein — portal) ;  varicosities  in  the  lower  extremities,  pos.sib]y 
from  the  same  communication  beiween  the  caval  and  portal  systems,  but  oftener  from 
the  direct  interference  by  an  enlarged  liver  witli  the  current  in  the  inferior  cava. 

Septic  inflamiiiation  of  the  liver  may  reach  ihat  organ  through  any  of  the  portal 
tributaries.  It  is  not  uncommonly  the  result  of  infection  originating  during  a  dysen- 
teric  attack.  Cancer  may  also  reach  the  liver  by  venous  channels,  usua]ly  by  the 
gastric  or  hemorrhoidal  tributaries. 

As  the  number  of  extra peritoneal  anastomoses  between  the  branches  of  the 
parietal  vessels  (lower  intercostal,  phrenic,  lumt>ar,  ilio-lumbar,  epigastric  and  circum- 
Uex  iliac)  and  branches  of  vessels  that  supply  viscera  without  a  complete  peritoneal 
covering  (liver,  kidneys,  suprarenals,  duodenum,  pancreas,  ascending  and  descending 
colon)  are  of  great  importance  in  čase  of  ofjstruction  to  the  visceral  arterial  supplv, 
HO  the  corresponding  venous  anastomoses  are  of  equal  or  greater  importance  in 
obstruction  of  the  portal  vein  or  of  the  inferior  cava.  The  occasiona!  connection 
belween  a  parumbiHcal  vein  and  the  e.xtemal  iliacs — through  the  epigastrics — may 
also  relieve  portal  oljstruction.  The  above  anastomoses  explain  the  effect  of  leeches 
or  wet  cups  or  counter-irritation  of  the  surface  in  congestions  or  intlaminations  of 
the  part!y  extraperitoneal  viscera.     (Woolsey.) 

DEVEI.OPMENT  pF  THE  VEINS. 


The  embr>-onii 
One  of  these  beconies  the  puli 
while  the  third  is  represenled  by  uhat  a 
attenlion  may  first  be  directed. 

The  Cardinal  Veins. — The  cardinnl 
cxtend  theentire  length  of  the  body.  one  ( 


be  re^rded  as  consistinj;  of  three  sets  of  vessels. 
.,  another  g^ives  rise  to  the  portal  and  umbilical  veins, 
•e  ternied  the  cardinal  veins.     It  is  to  these  last  that 


I 


eins  (Fig.  776)  are  two  longitudinal  siems  whidi 
either  side  of  the  median  line,  receivinK  throughoui 
their  course  lateral  soniatic  and  visceral  branches 
in  more  or  less  perfect  segmental  succession. 
From  each  vein  a  branch  pa.<i5esmedially  towards 
the  henri,  and  the  portion  of  the  lon^itudinal 
veiti  anterior  to  this  cros,vbranch  is  termed  the 
aitterior  cardinal  or  primitive  jugular.  u-hile 
^  that  behind  it  is  known  as  Hntpoiterior  (ordinat. 
The  cross-branch,  which  is  usually  described  as 
formed  by  the  union  of  the  anterior  and  pos- 
leriur  cardinals,  is  tenned  the  duct  of  Curner. 

The  anterior  cardinals  take  their  orif^in 

from  \eins  which  raniify  over  the  surface  of  ttie 

brain  and  receive  at  first  both  ihe  ophthalmic  and 

facial  veins.    The  eerebral  veins  later  condense 

to  fonii  the  superior  and  inferior  longitudinal. 

the  siraight,  and  the  laleral  sinuses,  »ith  the  last 

of  H-hich  the  ophthalmic  veins  unlte.  their  intra- 

craniiil  (Mirtions  becominf;  the  cavemous  and 

inferior  pelriisal  sinuses.     Thefacial  veins.  how- 

ever,  sever  Iheir  connection  »ith   the  eerebral 

.  veins  and  unile  with  other  superticial  veins  10 

,,irin,  form  the  extemal  ju^tilar — a  \'essel  which  in 

some  niainmalia  reachesa  high  degree  of  devel- 

'pliicinc   the  int(-m;d   juf^iilar,  which   represents  the   main  stem 

iriginal  condiiion,  in  »hirh  iht  exlemal  jugular  is  of  subordinaie 
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importance,  is  more  nearly  retained,  but  indications  of  a  transference  of  blood  from  the  intracranial 
portions  of  ihe  intemal  jugular  system  to  ihe  extemal  vessel  are  to  be  seen  in  theemissary  veins. 
At  first  each  intemal  jugular  opens  independently  into  the  right  auricie  through  the 
corresponding  duct  of  Cuvier  (Fig.  777,  /4),  but  later  a  communicating  branch  extending 
obliquely  across  from  the  left  to  the  right  vein  is  developed  (Fig.  777,  B),  and  ihereafter  the 


Fig.  777. 
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Diagrams  illustnting  development  of  superior  vena  cava  ;  A^  primary  syinmetrical  arrangement ;  B,  establishinent 
<A  transverse  connection ;  C,  atrophy  on  left  sidc  and  persistence  on  right  side  of  »uperior  vena  cava. 

lower  portion  of  the  left  vein  degenerates  until  it  is  represented  only  by  the  small  oblique  vein  of 
the  left  auricie,  opening  into  the  coronary  sinus,  which  is  the  persisting  left  ductus  Cuvieri 
(Fig.  777,  C).  The  obligue  connecting  branch  becomes  the  left  innominate  vein  of  adult 
anatomy,  and  the  portion  of  the  left  anterior  cardinal  below  the  point  \vhere  it  is  joined  by  the 
innominate,  together  with  the  right  ductus  Cuvieri,  becomes  the  superior  vena  cava. 

The  Inferior  Vena  Cava. — The  posterior  cardinals  persist  in  part  as  the  a2ygos  veins,  but 
their  history  is  so  intimately  associated  with  that  of  the  inferior  vena  cava  that  an  account  of  the 
development  of  the  latter  may  first  be  presented.  In  the  early  stages  of  development  the  only 
portion  of  the  inferior  vena  cava  which  exists  is  the  p)ortion  which  intervenes  between  the  entrance 
of  the  hepatic  veins  and  the  right  auricie,  this  portion  representing  the  terminal  part  of  the  ductus 
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Diagrams  illustratinR  dcvclopmenial  changes  leading  to  formation  of  inferior  caval  and  a/vgos  veins. 

venosus  (pajje  705  ^.  Hranches  \vhich  pass  to  the  F)osterior  cardinal  veins  from  the  mesenterv 
anastomosf  lonj^itudinallv  to  ft^rm  on  each  side  of  the  bodv  a  venous  stem  \vhich  has  a  course 
parallel  to  that  of  \hv  cardinals,  \vith  \vhich  it  unites  belo\v  (  V\^.  778,  A),  This  is  the  subcardinal 
vein,  the  two  vessels  of  oi>posite  sides  of  the  bodv  being  united  \vith  one  another  and  with  the 
cardinals  by  a  strong  cross-branch  which  joins  the  cardinals  op|X)site  the  point  of  entrance  into 
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venosus  degenerates  to  a  solid  cord  up  to  the  point  u  here  the  hepatic  veins,  developed  from  the 
he{>atic  net-work,  unite  with  it.  The  unibilical  vein  aiso  degenerates  to  fomi  the  round  ligament 
of  the  liver,  uhich  frequently  presents  more  or  less  distinct  evidences  of  its  original  lumen. 

The  Veins  of  the  Limbs. — The  details  of  the  development  of  the  Hmb  veins  are  not  as  yet 
thoroughly  known.  The  superficial  veins  are  the  first  to  form,  the  basilic  vein  of  the  arm  and 
the  long  saphenous  of  the  leg  being  the  primar>'  vessels  and  the  axiilar>'  and  subclavian  and  the 
iliac  veins  their  resp)ective  continuations.  The  remaining  superficial  veins  and  the  deep  veins 
are  later  formations. 

The  Pulmonary  Veins. — The  pulmonar\'  veins  make  their  exit  from  the  lungs  as  four 
vessels,  two  lx;longing  to  each  lung,  but  as  they  approach  the  heart  they  unite  first  in  pairs  and 
then  to  form  a  single  trunk  which  opens  into  the  right  auricle.  Later  a  considerabie  portion  of 
the  original  veins  is  taken  up  into  the  wall  of  the  auricle,  the  absorption  evenlually  extending 
beyond  the  point  of  the  union  of  the  original  veins  in  pairs,  so  that  in  the  adult  ali  four  veins 
open  independently  into  the  auricle. 

THE  FCETAL  CIRCULATION. 

The  primary  or  vitelline  circulation  of  the  mamnialian  embryo,  formed 
by  the  ramifications  of  the  vitelline  arteries  and  veins  over  the  yolk-sac  (umbilical 
vesicle),  must  be  regarded  as  an  inheritance  from  ancestors  in  vvhoni  the  yolk 
provided  the  nutrition  for  the  developing  animal.  While  in  birds  and  reptiles 
the  vitelline  veins  are  important  channels  for  the  conveyance  of  the  nutritive 
materials  taken  up  from  the  yolk,  in  mammals  in  this  respect  they  are  of  litde 
consequence,  thus  aflfording  an  example  of  structures  that,  although  no  longer 
useful,  recur  in  the  development.  The  vitelline  circulation  is  soon  followed  by  a 
second,  the  allantoic  circulation,  which  in  man  and  the  higher  mammals  provides 
the  vessels  connecting  the  fcetus  with  the  placenta — the  organ  whereby  respiration 
and  nutrition  are  secured  to  the  fcetus  during  the  greater  part  of  its  sojourn  within 
the  uterus. 

The  blood  is  carried  from  the  fcetus  to  the  placenta  by  the  hvpogastric  arteries 
and  their  prolongations,  the  tvvo  umbilical  arteries.  After  passing  through  the 
vascular  tufts  of  the  chorionic  villi  that  constitute  the  essential  structures  of  the  foetal 
part  of  the  placenta,  the  foetal  blood,  renewed  in  oxygen  and  laden  with  nutritive 
material  deri  ved  from  the  matemal  circulation,  is  carried  by  venous  tributaries  that 
unite  into  the  single  umbilical  vein.  The  latter  vessel  accompanies  the  umbilical 
arteries  within  the  umbilical  cord  as  far  as  the  umbilicus.  from  which  point  it  then 
passes  along  the  free  margin  of  the  crescentic  peritoneal  fold,  the  falciform  ligament, 
to  the  under  surface  of  the  liver  to  join  the  portal  vein  and  pour  its  stream  of  freshly 
oxygenated  blood  into  the  current  of  venous  blood  returned  from  the  digestive  tract 
to  the  liver.  For  a  short  time  the  rapidly  growing  liver  is  cap>able  of  transmitting 
ali  the  blood  brought  to  it  by  the  vitelline  (later  portal)  and  the  umbilical  veins, 
and  this  blood  is  returned  to  the  heart  after  making  the  circuit  of  the  vessels  of  the 
liver.  Soon,  hovvever,  the  latter  organ  can  no  longer  accommodate  the  entire 
volume  of  blood  conveved  to  it  by  the  portal  and  umbilical  veins,  and  the  necessary 
relief  is  afiforded  by  the  development  of  a  short  vessel,  the  ductus  venosus,  or 
ductus  Arantii,  that  extends  from  the  portal  vein  to  the  inferior  vena  cava  and 
thus  establishcs  a  by-pass  for  the  greater  part  of  the  oxygenated  blood  returned 
from  the  placenta.  C>\\  reaching  the  inferior  cava,  this  pure  blood  is  mingled  \vith 
the  venous  blood  being  returned  from  the  lower  half  of  the  bodv  and  the  abdominal 
viscera,  the  niixed  stream  so  formed  being  poured  into  the  right  auricle.  On  entering 
the  heart  the  current  is  directed  by  the  Eustachian  valve  towards  the  foramen 
ovale  in  the  auricular  septum  and  enters  the  left  auricle.  After  receiving  the 
meagre  additions  returned  by  the  pulmonary  veins  from  the  uninflated  liings,  the 
blood  passes  through  the  left  auriculo-ventricular  opening  into  the  left  ventricle. 
Contraction  of  this  chamber  forces  the  blood  into  the  svstemic  aorta  and  thence  to 
ali  parts  of  the  bodv. 

After  traversing  the  vessels  of  the  head,  neck,  upper  extremities,  and  thorax, 
the  venous  blood  from  these  [)arts  is  returned  to  the  heart  by  the  superior  vena  cava, 
but  on  entering  the  right  auricle  does  not  mingle  to  anv  extent  with  the  current 
returned  by  the  inferior  cava,  but  passt*s  through  the  auriculo-ventricular  orifice  into 
the  right  ventricle.      \Vith  contraction  of  the  ventricles  the  blood  is  pro|>elled  into 
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5.  Through  Ihe  umbilical  and  sufirautHbi/ical  vcins  to  Ihe  superticial  or  de«p  epigastrics  and 
so  (o  the  extemal  iliac  veins.  It  is  interesting  to  nole  that  in  cases  where  this  route  is  functional 
the  eniargenient  of  the  superlicial  epigastric  veins  is  usua1ly  accompanted  by  a  developincnt  u( 
varicosities  upon  them,  whi1e  ihis  is  not  the  čase  with  the  deep  epigastrics,  An  eicpianalion  of 
this  difference  has  \xxn  found  in  the  faet  that  Ihe  deep  veins,  befure  opening  inio  the  extemai 
iliac.  bend  5lighlly  backward,  so  ihat  their  orliices  are  direcled  in  the  same  u'ay  as  Ihe  flow  of 
blood  in  the  larger  stem,  wherea.s  the  superficial  epigastrics  open  from  above  inio  the  long 
saphenous  veins,  their  orilices  being  opposed,  therefore,  lo  the  f)ow  of  blood  in  the  saphenous. 
— a  condition  which  naiurally  predisposes  lowards  stasis  of  Ihe  blood  in  the  epigasirics  and,  i' 
may  be  remarked,  aiso  of  that  in  the  saphenous. 

These  are  ihe  principa!  routes,  but  it  must  be  noted  that  anastomoses  also  exist  betuecn 
the  portal  systeni  and  ihe  phrenic  veins  by  means  of  the  small  veins  which  descend  louards  Ihe 


Fig.  774, 


liver  in  the  falciforni  hganient,  and  c-oninninications  »ith  the  inferior  caval  systen 
by,  nieans  of  retroperitoiieal  anastomoses  l>t-tween  the  peritoneal  and  mesenteric  vt 
which  are  nuiie  sniali.     These  conimunicatioiis  are  known  as  the  veins  of  Relsius. 

l''i[ially,  it  niay  be  nieiilioiied  tlial  anomaloiis  and  therefore  inconst 
the  portal  liranches  uilli  Ihose  of  olher  systfnis  havi^  been  obser\'ed.  Thns  the  gastric,  Ihe 
short  K^isirics,  or  Ihe  pyloric  vein  may  anastomose  »lih  the  plirenics;  the  splenic  or  the  left 
(;astn>epiploic  viith  the  renals  ;  ihe  ri^ht  or  left  colic  with  the  branches  from  the  fatty  capsule o( 
tlie  corresponding  kidney  ;  and  Ihe  duodenal  branches  niay  ojien  into  the  inferior  vena  ca\'a. 
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Practical  Considerations. — The  portal  syslem  may  be  obslnicted  by  (a) 
tumors  or  swellings  involving  the  liver  itself,  as  carcinoma,  hydatids,  or  abscess  ;  (^6) 
eniargement  of  the  gall-bladder  froin  new  growth  or  Irom  concretions  ;  {c)  tuniurs 
ol  contiguous  structures.  as  disease  of  lyniph-iiodes  in  the  portal  fissure  or  between 
the  layers  of  the  lesser  omentum,  or  carcinoma  of  the  head  of  the  pancreas  ;  {d) 
disease  o(  the  liver  tissue,  espccially  cirrhosts  (chronic  iiiterstitial  hepatitls)  jn 
which  the  interlobular  veins  are  compressed  by  the  contractioii  of  the  connective 


tissue  in  the  spaces  betwecn  the  lobulcs  :  (f)  valvular  disease  of  the  heart  leading  to 
lxickward  pressure  throiigh  the  ra\a  and  hepatic  and  intnilobnlar  veins  which  (inallv 
reaches  the  teniiinal  capillaries  nt  the  portal  vein  and  then  the  interlobular  veins 
and  the  entire  portal  svstem.  resulling  in  some  cases  in  the  so-called  nutmeg  liver 
(ryanotic  atrophy  ).  The  c(>nsequences  of  p.)rtal  nl>striiction  are  various,  but  may,  as 
a  rule,  easitv  be  understood  l>y  referring  each  sym|>tom  to  its  anatomical  l»sis  in 
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obstniction  of  one  or  the  other  of  the  venoua  tributaries.  The  chief  results  are ; 
(i)  Enlargement  of  the  liver  itself,  at  first  congestive,  later  from  hyperplasia. 
Diminution  in  the  quantity  of  bile  or  alteration  in  its  character  may  cause  constipa- 
tion  and  indigestion  ;  or  escape  of  its  coloring  matter  and  its  absorption  by  the 
hepatic  veins  may  give  rise  to  jaundice.  (2)  From  congestion  of  the  gastric  and 
intestinal  mucosa  (through  the  superior  and  inferior  mesenteric,  splenic,  and  gastric 
tributaries)  there  niay  deveiop  indigestion,  flatulence,  eructations,  and  vomiting,  often 
bloody  ;  serous  exudation  into  the  bowel — intestinal  indigestion,  and  diarrhcea.  some- 
times  with  black  stools  from  decomposed  blood — or  into  the  general  peritoneal 
cavity — ascites  ;  enlargement  and  tenderness  of  the  spleen  :  hemorrhoids  (from  the 
communication  between  the  middle  and  inferior  hemorrhoidal  veins — systemic — and 
the  superior  hemorrhoidal  vein — portal ) ;  varicosities  in  the  lower  estremities.  possiblv 
from  the  same  communication  between  the  ca\a!  and  portal  systems,  but  oftener  from 
the  direct  interierence  by  an  enlarged  liver  with  the  current  in  the  inferior  cava. 

Septic  inflammation  of  the  liver  may  reach  that  organ  through  any  of  the  portal 
tributaries.  It  is  not  uncommonly  the  rcsult  of  infection  originating  during  a  dysen- 
teric  attack.  Cancer  may  also  reach  the  liver  by  venous  channels,  usually  by  the 
gastric  or  hemorrhoidal  tributaries. 

As  the  number  of  extraperitoneal  anastomoses  between  the  branches  of  the 
]>arietal  vessels  (lower  intercostal.  phrenic,  lumbar,  ilio-lumbar,  epigastric  and  circum- 
rtcx  iliac)  and  branches  of  vessels  that  supply  viscera  without  a  complete  peritoneal 
covering  (liver,  kidneys,  suprarenals,  duodenum,  pancreas,  ascending  and  descending 
colon)  are  of  great  imporlance  in  casc  of  obstruction  to  the  visceral  arterial  supplj-, 
so  the  corresponding  venous  anastomoses  are  of  equal  or  grealer  importance  m 
obstruction  o!  the  portal  vein  or  of  the  inferior  cava.  The  occasional  connection 
between  a  parumbilical  vein  and  the  external  iliacs — through  the  epigastrics — may 
also  relieve  portal  obstruction.  The  abo\'e  anastomoses  explain  the  effect  of  leeches 
or  wet  cups  or  counter-irritation  of  the  surface  in  congestions  or  inflammations  of 
the  partly  extraperiloneal  viscera.     (Woolsey.) 

DF.VKLOPMENT  VF  THE  VEINS. 


The  embryonic  venoiis  systi 
One  of  Ihesc  becunies  the  pulmoni 
while  ihe  third  is  represented  by 
n  may  first  be  directed. 

The  Cardinal  Veina.— The  cardinal  veins   (Fig.  776) 


may  l>e  regarded  as  consisling  of  thre«  sets  of  vesscb. 
veins.  another  Ki\'es  rise  to  the  portal  and  umbilical  veins, 
lat  are  ternied  Ihe  cardinal  veins.     It  is  to  these  la,st  that 


extend  the  ei 


e  length  of  the  body,  t 


;  two  longiludinal  s 


s  Hhich 


Opmenl,  alniost  or  enlirelv  repbrinj;   the 
o(  ihe  cardinal.     In  man  Ihe  original  cond 


eilher  side  of  the  median  line,  receivjn);  throu|;houl 
thelr  cuurse  lateral  somatic  and  visceral  branches 
in  more  or  Icss  periect  segmental  succesaon. 
From  each  vein  a  branch  passes  media1ly  towards 
Ihe  lieart,  and  the  portion  of  the  lunKitudinal 
vein  anterior  to  this  cross-branch  is  termed  the 
anUrior  cardinal  or  primiHve  juguiar.  uhile 
that  behind  it  is  known  as  the/oj/mor  cardinal. 
The  cross-branch,  which  is  usuallv  described  as 
formed  by  the  union  of  the  anterior  and  pos- 
terior  cardinals,  is  termed  the  ducl  of  Cuvier. 

The  anterior  CHrdinals  take  their  oripn 
from  veins  which  ramify  over  the  surface  of  tJie 
brain  and  receive  at  first  t>oth  the  ophthalmic  and 
facial  veiiTS.  The  eerebral  veins  later  condense 
to  form  the  superior  and  inferior  lonf^tudinal. 
ihe  str.iif;ht.  and  the  lateral  sinuses.  uith  the  last 
of  uliich  Ihe  ophlhalmic  veins  unite,  their  intra- 
cranial  (Hirlions  becominK  the  cavemous  and 
inferior  |)etrr>sal  sinuses.  The  facial  veins.  how- 
ever.  sever  their  connection  »ith  tlie  eerebral 
\'fiiis  nnd  iinite  u'ith  other  superficial  veins  to 
fiirni  ihe  exlernat  juguiar — a  vessel  which  m 
some  niamm.-ilia  reaches  a  high  degree  of  dcvel- 
rnul  JM^ilar.  which  represents  the  main  stetn 
1,  in  uhirh  the  exlemal  ju^lar  is  of  subordinate 
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importance,  is  more  nearly  retained,  but  indications  of  a  iransference  of  blood  f rom  the  intracranial 
portions  of  the  intemal  jugular  system  to  the  extemal  vessel  are  to  be  seen  in  the  emissary  veins. 
At  first  each  intemal  jugular  opens  independently  into  the  right  auricle  through  the 
corresponding  duct  of  Cuvier  (Fig.  777.  j4),  but  later  a  communicating  branch  extending 
obliquely  across  from  the  left  to  the  right  vein  is  developed  (Fig.  777,  B),  and  thereafter  the 


Fig.  777. 
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Diagnuns  illostraUng  development  of  superiorvena  cava;  ^,primary  syinnietrical  arrangement ;  ,^,  establishment 
of  transverse  connection ;  C,  atrophy  on  left  side  aiid  persistence  on  right  side  of  »uperior  vena  cava. 

lower  portion  of  the  left  vein  degenerates  until  it  is  represented  only  by  the  small  oblique  vein  of 
the  left  auricle,  opening  into  the  coronary  sinus,  which  is  the  persisting  left  ductus  Cuvieri 
(Fig.  777,  C).  The  obligue  connecting  branch  becomes  the  left  innoniinate  vein  of  adult 
anatomy,  and  the  portion  of  the  left  anterior  cardinal  beIow  the  point  \vhere  it  is  joined  by  the 
innominate,  together  with  the  right  ductus  Cuvieri,  becomes  the  superior  vena  cava. 

The  Infericr  Vena  Cava. — The  posterior  cardinals  persist  in  part  as  the  a2ygos  veins,  but 
their  history  is  so  intimately  associated  with  that  of  the  inferior  vena  cava  that  an  account  of  the 
development  of  the  latter  niay  first  be  presented.  In  the  early  stages  of  development  the  onIy 
portion  of  the  inferior  vena  cava  which  exists  is  the  portion  which  intervenes  betueen  the  entrance 
of  the  hepatic  veins  and  the  right  auricle,  this  portion  representing  the  terminal  part  of  the  ductus 

Fig.  778. 

A  B  C 


iMcnuI  Jufular 
(aat.  cantinal) 


Duct  of  Cuvkr 


Ar\go*. 


Corooarjr  sinus 


Heiniaa>goc 


Renal 


nuc 


Inferior  vena  cava 


Diagrams  illustratiiiK  dovolopmental  chanj^es  IvadinK  to  formation  of  inferior  caval  nnd  a/vgo^  veinK. 

venosus  (pa^ce  705 "i.  Ikanches  \vhich  pass  to  the  |x »sterior  cardinal  veins  from  the  mesenter\' 
anastomosr  lon^itiidinallv  to  form  on  farh  sidt-  of  the  bodv  a  venous  stem  which  has  a  course 
parallel  to  that  of  thf  rardiiiaK,  \vith  \vhich  it  uniles  below  ( Fig.  778,  ^4).  This  is  the  sudrardina/ 
i*ein^  the  two  vesst-ls  of  o|>p<)site  sides  of  the  bodv  being  united  with  one  another  and  with  the 
cardinals  by  a  strong  cross-branch  which  joins  the  cardinals  opposite  the  point  of  entrance  into 
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Fig.  779- 


those  of  the  renal  veins.  The  porlion  of  Ihe  right  subcardinat  which  lies  ai 
branch  tlien  enkrges  and  unites  with  the  exisling  portion  of  the  infcriur  vena  cava,  and  the  lcwer 
portion  of  the  right  cardiniii,  togeiher  wilh  the  portion  of  thr  crusii-branch  which  inttnent-i 
betwe«ii  il  and  ihe  right  subcardinal,  aiso  enlarges,  and  ihese  ihree  elemenls  t:ventually  comt 
iiito  line  with  one  another  and  uitli  the  terminal  portion  of  the  ductus  venosus  to  form  the 
inferior  vena  cava. 

The  Iowcr  portions  of  bolh  subcardinals  now  degeiierate,  and  the  upper  portion  of  the  lefi 
vein.  diininishing  in  size.  becomes  the  left  suprarenal  veiti.  A  eross-braneh  forms  betuecn 
the  two  posterior  cardinals  ai  the  levei  of  the  common  iliac  veins,  and  the  lower  part  o(  Ihe  lefl 
Cardinal  ihen  djsappears  (Fig.  778,  C),  a  small  portion  below  the  original  renal  CTuss-branch 
alone  persisling  to  fonn  the  terminal  pari  of  the  left  spermalic  (ovarian)  vein.  which  ihuscomes 
to  open  into  the  left  renal  vein,  since  the  temiinal  portion  of  that  vesset  represents  the  original 
renal  crosS'branch.  As  a  result  of  this  degeneratlon  the  left  common  iliac  vein  comes  to  open 
into  the  lower  part  of  the  right  posterior  cantinal  by  way  of  the  iliac  cross-branch. 

The  Aiygos  Veins. — While  Ihesechanges  have  l>een  laking  plače  the  anterlor  portions  of 
the  [Hjsterior  cardinals  have  undergone  degeneratlon  imniediately  anterior  to  the  renal  cross- 
branch  (Fig.  778},  so  that  they  form  independent  \'essels.  receiving  the  intercostal  veins  and 
terminating  above  in  the  ductus  Cnvieri.  They  now  constitule  the  azygos  veins,  and,  on  the 
degeneratlon  of  the  lower  part  o(  the  left 
anterlor  cardinaJ,  the  left  az^;os  develops 
connection  with  the  right  by  one  or  iwo 
transverse  branches  and  then  separates 
from  the  coronary  sinus,  the  adult  condt- 
lion  of  the  hemiazygos  vein  being  thus 
acquired, 

The  Portal  Vein.— Passing  alonglhe 
umbilical  cord  to  the  body  of  the  eiiibryo 
are  two  viMline  or  otnphaio-mtsfttttric 
i-eins,  whlch  have  theirorigin  in  the  yolk- 
sac,  and  the  uinbUicai  vein,  which  brings 
back  the  blood  from  the  placenta.  When 
it  reaches  the  umbllicus,  the  umbilical 
vein  divides  into  two  slems  which  pass 
upuard  upon  the  inner  surface  of  the 
anterior  abdominal  wall  and  unite  above 
with  the  corresponding  vitelline  veins  to 
open  Into  the  ductus  Cuvieri.  The  vitel- 
line VL-ins  pass  from  the  umbilicus  to  the 
intesline  and  ascend  along  it,  receiving 
tributaries  from  it  1  aboi-e,  tbey  travei^c 
the  liver.  breaking  up  into  a  nel-work  in  its 
substance,  and  are  then  conlinued  on  to 
unite  »ith  the  umbilicals  (Fig.  779,  A). 
By  Ihe  enlargement  of  certain  portions  of 
the  hepatic  net-work  a  ivell-inarked  venous 
stem  is  formed,  extending  from  the  point 
where  the  left  vitelline  vein  enters  the  liver 
to  the  junction  of  the  common  stem  formed 
by  Ihe  right  vitelline  and  umbilical  veins 
with  the  duci  of  Cuvier.  This  neu  stem  is 
the  ductus  vfiiosus  (Figs.  779,  £  and  C), 
and  II  later  fiirms  a  connection  ttilh  Ihe  left  umbilical  vein  and  becomes  the  continuation 
of  that  vessi'1  as  the  result  of  the  degeneration  of  Ihe  u|>|>t-r  part  of  the  umbilical  {D). 

In  the  meanlime  Ihree  cross-connections  have  develo[)ed  belween  the  two  vitelline  veins 
(Fin-  779.  --/.  H.  C).  lwo  i)f  them  passing  vcntral  to  the  intestine  and  one  doisal  to  it,  the 
inlistiiic  thtis  In.^coming  surronnded  by  livo  \eniius  rings.  The  right  hal(  of  the  loner  ring 
nnil  ihe  U-ft  half  of  the  upi>er  <ine  non-  ilegenerale  (/'i.  and  the  persisting  portions.  uhich 
terminale  parllv  in  the  hepatic  n<-t-«ork  anil  iiartly  In  llic  ductus  venosus,  become  the  portal 
vfin.  The  up[>er  portitm  of  tl»-  ri^ht  umbilical  vein  has  in  the  meantinie  made  a  connection 
with  lin-  iipiier  riiig  uf  Ihe  viicllinc.  and  the  pari  alHue  the  cimneclion  then  degeneraleii,  tbe 
louer  part  lH-n>niinK  inurh  reducid  in  s\j:e  and  [lersisting  as  a  small  parumbilical  vein  in  tbe 
anterior  abdominal  wall.  This  arranuenient  pcrsists  until  Itirth.  the  placental  blood  passing  by 
«iiy  1'f  the  lift  uiTibilir.ll  vi-m  piirllv  lo  the  ductus  venosus  and  llience  by  the  inferior  vena  cava  to 
the  heart  and  parllv  thr.iugli  the  he|Kitli-  nel-work  by  «-ayof  the  communication  bet»'een  the  kh 
umbilical  and  vitelline  veins.    Al  birti)  the  placental  suppjv  uf  liluud  is  of  course  cut  ofT,  the  ducttis 
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venosus  degenerates  to  a  solid  cord  up  to  the  ix)inl  where  thc  hepatic  veins,  devcioped  from  the 
hepatic  net-work,  unite  with  it.  The  unibilical  veiii  also  degeneratt-s  to  fomi  the  round  ligament 
of  ihe  liver,  which  frec|uently  presents  more  or  less  distinct  evideiices  of  its  original  lumen. 

The  Veins  of  the  Limbs. — The  details  of  the  development  t>f  the  linib  veins  are  not  as  yet 
thoroughly  known.  The  superficial  veins  are  the  first  to  fomi,  the  l^isilic  vein  of  the  arm  and 
the  long  s«iphenous  of  the  leg  heing  the  priniar>-  vessels  and  the  axillar\'  and  subclavian  and  the 
iliac  veins  their  respective  continuations.  The  remaining  su|)erfirial  veins  and  the  deep  veins 
are  later  formations. 

The  Pulmonary  Veins. — The  pulmonar\-  veins  make  their  exit  from  the  hings  as  four 
vessels,  two  l)elonging  to  each  lung,  but  as  they  approach  the  heart  they  unite  first  in  pairs  and 
then  to  form  a  single  trunk  which  opens  into  the  right  auricie.  I^iter  a  considerable  iK>rtion  of 
the  original  veins  is  taken  up  into  the  wall  of  the  auricie,  the  al>sorption  eventually  exlending 
beyond  the  |x>int  of  the  union  of  the  original  veins  in  pairs,  so  that  in  the  adult  ali  four  veins 
open  independently  into  the  auricie. 

THE  FCETAL  CIRCULATION. 

The  priiTiary  or  vitelline  circulation  of  the  mamnialian  embrvo,  formed 
by  the  ramifications  of  the  vitelline  arteries  and  veins  over  the  yolk-siic  (iimbilical 
vesicle),  must  be  rej^arded  as  an  inheritance  from  ancestors  in  whoni  the  yolk 
provided  the  nutrition  for  the  developin^  animal.  \Vhile  in  birds  and  reptiles 
the  vitelline  veins  are  important  channels  for  the  convevance  of  the  nutritive 
materials  taken  up  from  the  yolk,  in  manimals  in  this  respect  they  are  of  little 
consequence,  thus  aflfordinjj;  an  example  of  structiircs  that.  althoujLjfh  no  longer 
useful,  recur  in  the  development  The  vitelline  circulation  is  sihmi  followed  by  a 
second,  the  allantoic  circulation,  which  in  man  aiul  the  hi^i^her  mammals  provides 
the  vessels  connectinjr  the  fcetus  with  the  placenta — the  orj^an  whereby  respiration 
and  nutrition  are  secured  to  the  foetus  durinji^  the  j^reater  part  of  its  sojourn  within 
the  uterus. 

The  blood  is  carried  from  the  fcetus  to  the  placenui  by  the  hyj)ojjastric  arteries 
and  their  prolongations,  the  two  umbilical  arteries.  After  passing  through  the 
vascular  tufts  of  the  chorionic  villi  that  constitute  the  essential  structures  of  the  foetal 
part  of  the  placenta,  the  foetal  blood,  renevved  in  oxygen  and  laden  with  nutritive 
material  derived  from  the  matemal  circulation,  is  carrieil  bv  venoiis  tributaries  that 
unite  into  the  single  umbiliccU  veipi.  The  latter  vessel  accompanies  the  umbilical 
arteries  within  the  umbilical  cord  as  far  as  the  umbilicus,  from  which  point  it  then 
passes  along  the  free  margin  of  the  crescentic  peritoneal  fold,  the  falciform  ligament, 
to  the  under  surface  of  the  liver  to  join  the  portal  vein  and  |>our  its  stream  of  freshly 
oxygenated  blooci  into  the  current  of  venous  bl(H)d  rcturned  from  the  digestive  tract 
to  the  liver.  For  a  short  time  the  rapidly  growing  liver  is  capable  of  transmitting 
aH  the  blood  brought  to  it  by  the  vitelline  (later  iK)rtan  and  the  umbilical  veins, 
and  this  blood  is  returned  to  the  heart  after  making  the  circuit  of  the  vessels  of  the 
liver.  StKjn,  hovvever,  the  latter  organ  can  no  longer  accommo<late  the  entire 
volume  of  blotnl  conveved  to  it  by  the  portal  and  umbilical  veins,  and  the  necessarv 
relief  is  aflonknl  by  the  development  of  a  short  vessel.  the  ductus  venosus,  or 
ductus  Arantii,  that  extends  from  the  j)ortiil  vein  to  the  inferior  vena  cava  and 
thus  establishes  a  by-[)ass  \ox  the  greater  part  of  the  oxygenated  blood  returned 
from  the  placenta.  On  reaching  the  inferior  cava.  this  pure  blood  is  mingled  with 
the  venous  blootl  being  returneil  fn>m  the  l«)vver  half  of  the  body  and  the  alxiominal 
visccra,  the  mixe(l  stream  so  fornu^l  iHMng  poured  into  the  right  auricie.  On  entering 
the  heart  the  currrnt  is  directetl  by  the  Kustachian  valve  tovvards  the  foramen 
ovale  in  the  anricular  se[>tuni  and  enters  the  left  auricie.  After  receiving  the 
meagre  additions  n-tunit-d  by  the  pulmonary  veins  from  the  unintlated  limgs,  the 
blcKKl  passes  through  iht*  left  aurirul*»-ventricular  opening  into  the  left  ventricle. 
Contracti<Mi  <>l  this  chamher  forci^  tlu-  l»locxl  into  the  svstemic  aorta  and  thence  to 
aH  parts  of  the  hod  v. 

Aftt*r  travtr>iiVv:  llu'  vessrls  of  the  head,  neck,  upprr  extremities.  and  thorax, 
the  ven«)us  hloo«!  fnini  llir->r  p.irts  is  returneil  to  the  heart  hy  the  superior  vena  cava. 
but  on  entering  thr  ritiht  auricU-  does  not  mingle  to  anv  t'Xtent  with  the  currrnt 
returned  hy  tlu-  inftrior  «M\a.  but  passes  through  the  auriculo-ventricular  orih<v  into 
the  right  ventricle.      \Vilh  contraction  of  the  vmtrich^s  the  blood  is  projH^lled  into 
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the  pulmonary  artery  and  towards  the  lungs.  Being  unintlated  these  organs  can 
appropriale  only  a  small  part  of  the  entire  volume  o(  blood  brought  by  the  puhnonary 
artery,  hence  the  necessit/  of  a  second  by-pass,  the  ductus  artenosua,  or  ductus 
Botalli,  that  extenda  trom  the  beginning  of  the  left  pulmonary  artery  to  the 
adjacent  aorta  and  represents  the  stili  pervious  distal  portion  of  the  last  aortic  arch 
on  the  left  side  (page  847).  By  means 
of  the  ductus  arteriosus,  the  venous  blood 
returned  from  the  head  and  uppcr 
extreniities  is  poured  into  the  grcat 
descending  tnink,  the  aorta,  and  carried 
to  the  abdominal  viscera  and  the  louer 
extremities.  On  reaching  the  bifurcation 
of  the  comnion  iliac  arteries,  the  blood- 
stream  divides,  that  part  going  into  the 
internat  iliacs  being  of  much  greater 
importance,  so  far  as  the  general  nutri- 
tion  of  the  fcetus  is  concerned,  since  it 
is  carried  by  the  continuations  of  these 
i'essels — the  hvpogasirics  and  umbilical 
arteries — to  the  placenta,  to  be  once  more 
purified  and  again  returned  to  the  fcetus 
by  the  unibilica!  veln. 

From  the  foregoing  sketch  of  the 
foetal  circulation  it  is  evident  that,  with 
the  exception  of  the  umbthcal  vein,  no 
\'esscl  vithin  the  ftttus  conveys  strictly 
arterial  or  fullv  oxygenated  blood,  since 
on  entering  the  inferior  cava  the  pure 
blood  is  inixed  with  the  venous  returning 
from  the  lower  half  of  the  body.  It  is 
ftirther  evident  that  the  blood  distributed 
to  the  head  and  upper  extremilies  is  less 
con  ta  ni  i  na  ted  than  that  passing  to  the 
lower  half  of  the  body  from  branches  (A 
the  aorta  given  ofi  after  junction  with 
the  ^■enous  stream  conveyed  by  the 
ductus  arteriosus.  It  may  be  borne  in 
mind  that  the  umbilical  vein  and  the 
ductus  \en0su5  carry  arterial  blood  and 
the  pulmonarj-  artery  and  the  ductus 
arteriosus  purely  venous  blood.  the  aorta 
distributinjf  mixed.  Upon  the  assumption 
of  the  respiratory  function  at  birth,  the 
three  analomical  structures  peculiar  to 
the  foetal  circulation — the  ductus  venosus, 
the  foramen  ovale,  and  the  ductus  arteri- 
osus—become  useless  and  soon  undergo 
occlusion  and  atrophy,  the  two  former 
ducts  being  represented  by  the  fibrous  cords  seen  on  the  posterior  suriace  of  the  liver 
and  terminal  part  of  the  aortic  arch  re3pectively.  Closure  of  the  foramen  ovale 
proceeds  more  slowly,  a  iveek  or  more  being  usually  consumed  in  efiecting 
obliteration  of  the  opening :  indtcd.  in  a  largc  i)ro])ortion  of  individuals  complete 
closure  ncver  occurs  (page  695). 
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THE  LVMPHATIC  SVSTEM. 

The  Ivniphatic  system  is  a  svstem  of  vessels  which  occiir  ahundantly  in  almost 
ali  portions  of  the  bociy  and  converge  and  anastomose  to  form  two  or  more  main 
trunks,  \vhich  open  into  the  subclavian  veins  just  bofore  thev  are  joined  bv  the 
internal  jugular.  The  vessels  contain  a  fluid  termed  lymph.  usiially  colorless.  and 
contiiining  numerous  corpuscles  known  as  lymphocytc$.  Since  the  latter  iisiially 
comc  under  observation  as  they  circulate  within  the  blood-vessels,  the  detailed 
account  of  the  lymphocytes  is  given  in  connection  with  bi ood -corpuscles  (page  684). 
In  those  vessels  which  have  their  origin  in  the  \vall  of  the  small  intestine, 
however,  the  contained  fluid  has,  especially  during  digestion,  a  more  or  less  milkv 
app)earance,  o\ving  to  the  lymphocytes  being  loaded  with  particles  of  fat  which  thev 
have  taken  up  from  the  intestinal  contents.  On  this  account,  these  vessels  are 
usually  spoken  of  as  lactcals,  although  it  must  be  recognized  that  they  are  merely 
portions  of  the  general  lymphatic  system. 

In  certain  respects  the  vessels  of  the  system  strongly  resemble  the  veins,  closely 
associated  with  which  they  take  their  origin  embryologically  and  into  which  they 
finally  ix)ur  their  contents  in  the  adult.  They  arise  from  a  capillarv  net-work,  their 
walls  have  a  structure  closely  resembling  that  of  the  veins;  thev  are  abundantly 
supplied  with  valves,  and  it  may  be  said  that  the  fluid  which  they  contain  flows  from 
the  tissues  towards  the  heart.  With  these  similarities  there  are  combined,  however, 
marked  differences.  One  of  the  most  im|K)rtant  of  these  consists  in  the  fact  that 
the  capillaries  are  closed  and  do  not  communicate  vvith  any  centrifugal  set  of  vessels, 
as  the  venous  capillaries  do  with  the  arterial  ;  and  another  important  difference  is 
to  be  found  in  the  frequent  occurrence  upon  the  Ivmphatic  vessels  of  character- 
istic  enlargements,  the  Ivmphatic  nodes  or  so-called  j^lands  ( IvmphoKlandulae),  quite 
different  from  anything  occurring  in  connection  vvith  the  veins. 

Lymph-Spaces. — Throughout  practicallv  ali  regions  of  the  body  spaces  of 
varying  size,  occupied  by  a  clear,  more  or  less  vvaterv  fluid,  exist,  and  to  these 
the  term  Ivmph-spaces  has  been  applicil  (Fig.  7S1  ).  It  \vas  long  believetl  that 
they  were  directly  continuous  vvith  the  Ivmphatic  capillaries.  that  the  latter.  indeed, 
opened  out  from  them,  the  spaces  forming  the  origins  of  the  capillaries.  There  is, 
however,  a  grovving  tendency  to  dispute  this  vievv  and  to  regard  the  lymphatic 
capillaries  iis  being  cjuite  independent  of  the  spaci^s, — the  entire  Ivmphatic  svstem, 
in  fact,  being  a  close<l  system,  e.\cept  for  its  Communications  vvith  the  subclavian 
veins.  Since,  hovvever,  the  Ivmphatic  capillaries  f<^rm  net-vvorks  in  the  tissues 
which  bound  these  spaces,  interchange  i)f  their  contents  vvith  those  of  the  capillaries 
is  by  no  means  difticult,  the  lymph()cytes,  even,  passing  on  occasion  through  the 
vvalls  of  the  capillaric»s  into  the  spaces  and  returning  again  to  the  interior  of  the 
capillaries. 

If  a  colorc^i  fluid  lx»  injected  into  the  portal  vein  it  vvill  pass  through  the  vvalls  of 
the  venous  capillaries  and  in  vade  the  spaces  of  the  interlohular  hejKitic  conneclive 
tissue,  and  later  it  vvill  flovv  avvav  by  the  hepatic  Ivmph-capillaries.  By  varving  the 
extent  of  the  injection  it  vvill  lx*  found  that  the  Ivmphatic  vessels  vvill  be  injected  vvhen 
the  Ivmph-spaces  are  completelv  hlled,  but  vvill  not  be  vvhen  the  spaces  are  only 
partiallv  injected  (  Mali ),  so  that  it  mav  be  concludeil  that  the  e.\travas;ition  from  the 
portiil  capillaries  is  primarilv  into  the  hepatic  Ivmph-sjKices  and  thence  makes  its  vvav 
mto  the  lymph-capillaries. 

The  spaces  vary  greatlv  in  size,  e.xisting  in  certain  tissues  even  lK*tvveen  the 
individual  cells.  Thev  are  more  evident,  hov\'ever.  in  the  connective  tissues.  reaching 
a  considerable  size  in  areolar  tissue,  where  they  fonn  a  continuDUS  net-v\ork,  and, 
since  the  blood-vessels  are  usuallv  surrounded  by  a  greater  or  less  amount  t)f  con- 
nective tissue,  lymph-s[>act^  are  (juite  distinct  along  their  c(nirsc»s,  forming  vvhat  are 
knovvn  as  the  perizastuiar  Ivmph-spaces  ( Pig.  7S2).  In  other  regions  of  the  b<xly 
somev\'hat  extensive  spaces  occur  vvhich  have  iK^en  regardt^d  as  belonging  to  the 
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category  of  lymph-spaces,  and  among  ihese  there  may  be  menlioned  the  subanichnoid 
and  subdural  spaces  of  the  mening^cs,  Tenon's  space  in   the  orbit,  and  e\-en  the 


spaces   occupied  by  the  aqueouH  and  \'itreous  humors  of  the  eye,  as  well  as  the 
smaller  spaces  of  that  organ.     So,  too,  the  spucus  surrounding  thal  cnclosed  by  the 

membranous  labyrinth  of 
the  ear  ha  ve  been  regarded 
as  1  y  m  ph -spaces,  as  is 
indicatcd  by  tbeir  names. 
Finally,  it  may  be 
mentioned  ihat  the  svn- 
ovial  cavities  of  the  artic- 
ulatioiis  and  the  greater 
serous  cavities  of  the  bodv 
enclosed  by  the  pleura. 
pericardium,  and  perito- 
iieum  havc  t>een  regarded 
as  being  in  direct  com- 
miinicution  wilh  the  lym- 
pbaticcapillaries:  hutthis 
\iew  is  also  in  ali  proba- 
bility  .rroneous. 

\otwithstanding  the 
independenco  of  these 
s]Kices  froni  the  lyniph;iiic 
capiilarics,  it  m  ust  bi- 
recognized  that  some  ni 
llicni  at  leiist  pla>-  ini- 
|>ortant  rotes  from  ihe 
]>hysiolngicaI  stnndpiiim. 
iphatics.  and.  furthennore. 
Miring  s|>aces,   permit  of  a 


THE   LVMPHATIC   SVSTEM.  933 

rapici  compensation  for  variatiunii  in  the  imraociilar  tension.     From  the  anatomical 

slandpoint.  however,  they  are  not  to  be  regarded  as  actually  parts  of  thf  lymphatic 

systein,  and  the  mt;ntion  that  they  here  receive  is  merely  a  tribute  to  their  historical 

importance  in  the  problem  of  the  origin  o(  the  lymphatic  capillaries. 

The  Capillaries. — The  lymphatic  capillaries  (Fig.  783),  ivhich  are  arranged 

in  the  form  of  net-works  of  very  diŠerent  degrees  of  fineness  and  complexity,  closeIy 

resemble  in  structure  the 

blood  -  capillaries,     their  ^"^-  7^3- 

walls    consisting    ■ 

single]ayerofendothelial 

plates,   which,   however, 

are   usually   lai^er    and 

less    regularly   disposed 

than    those    lining    the 

blood  -  channels.      They 

diRer  from  those  of  the 

blood  -  vascular     5ystem 

not  only  in  their  ultimate 

branches  being    closed, 

but  also  in  their  general 

appearance.    Thus,  they 

are    of     much     greater 

calibre,    their     diameter 

varying  from  .030~.o6o 

mm. ,  while  that  of   the 

blood' capillaries  may  be 

as  little  as  .008   mm.  ;  • 

they  do  not  present  the  regularitv  of  size  and  gradual  increase  or  diminution  oi 

calibre  noticeable  in  the  blood-capillaries,  but  larger  and  smaller  stems  are  indefinitely 
intempersed,  and  spindle-shaped  or 
nodnlar  enlargements  niay  occur  at 
irregiilar  inten^als  ihroughout  the 
net-work.  And,  fina]ly,  as  a  result 
of  thcse  peculiarities,  the  meshes  of 
thf  net-work  are  of  ver/  varying  size 
and  form. 

The  arrangement  assumed  by 
a  net-work  depends  largely  upon 
the  tissue  and  organ  in  ivhich  it 
occurs.  In  the  integument,  for  in- 
stance, the  Ivmph-capillaries  arrange 
thcmselves  in  two  more  or  leas 
distinct  Iayers,  a  more  superficial 
one,  composed  of  smaller  capillaries, 
and  a  tieeper,  coarser  one, — numer- 
011  s  Communications  necessarily 
esisting  between  the  two.  Both  nct- 
uorks  are  confined  to  the  dermis, 
the  more  sujM^rficial  one  lying  close 
to  its  epidermal  surface,  ubile  ihe 
deeper  one  is  sitiiated  in  its  deeper 
lavers.  the  distance  between  the  two 
■"* '%  '  varying  according  to   the  develop- 

TranMi-cTK  sri-ii..ii  ot  imaii  iyRi|ih-vnKi.    v  iio.  ment    of    thc    dormis    in    diflcrent 

portinns  of  the  bodv  and  in  difierent 

indivjdunis.     Fnmi  ihe  sui>erlicial  laver  loopsttr  single  capillaries  project  upward  into 

thedcrmal  papilku,  and  special  portions  of  the  net-work  siirroiind  each  hair-foUicle and 

sudoriparous  gland. 

•  Das  Saiigadersystem.     Ltip^ig,  1861. 
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Fig.  785- 


The mucous metnbranes have essentbHy  the satne arrangement,  the  net-work »ith- 
in  the  stnall  imestine,  for  instance,  being  arranged  iii  two  more  or  less  distinct  Iayen3,  one 
of  which  lies  in  the  submucosa  aud  sends  loops  or  blindly  ending  processes  into  the  VJIU, 
while  the  other  is  situated  in  the  muscular  coat.  Whal  may  be  regarded  as  a  third  net- 
work,  lying  beiieath  the  serous  or  connecti%'e-tissue  investnient,  is  iormed  by  the  anas- 
toniosis  of  the  stems  arising  from  the  deeper  net-works  and  it  is  from  this  last  net-worlc 
ihat  tlit  efferent  stems  arise.  In  most  other  organs  hncd  by  mucous  membrane  a 
similar  arrangement  occurs,  although  in  the  uterus.  bladder,  and  ureters  the  submucous 
net-\vork  seenis  to  be  wanting,  the  muscular  set  alone  being  demonstrable.  Through- 
out  the  serous  membranes  the  net-works  possess  naturalty  a  layered  arrangement,  but 
in  the  more  massive  organs,  such  as  the  liver  and  pancreas,  they  are  arranged  «iih 
reference  to  the  constituent  lobules,  each  being  invested  by  an  interlobular  net-work. 
Considerable  variation  exists  in  the  closencss  of  the  net-work  in  differeni  organs, 
and,  indeed,  in  difierent  parts  of  the  same  organ,  but  everywhere  the  Ivmph- 
capillaries  are  exceedingly  thin-walled  and  possess  no  vahes.  As  bas  been  pointed 
out,  the  view  formerly  prevailed  that  the  capillaries  communicated  directly  with  the 
great  serous  cavities  of  the  lx<dy,  with  the  spaces  of  the  connective  tissues,  and  even 
with  the  pericellular  spaces  which  occur  in  the  more  compact  tissues,  ali  these  being 
regarded  as  radicies  of  the  lymphatic  vessels.  It  is  now  belleved,  however,  that 
such  is  not  the  čase,  but  that  the  net-works,  which  are  everywhere  contlnucus,  are 
completely  closed  except  for  their  Communications  vvith  the  efferent  vessels. 

The  Lyinph- Vessels. — The  ]ymph- vessels, 
which  issue  from  the  capi!lary  net-works  and  convey 
the  lymph  ultimately  to  the  subclavian  veins.  have 
an  arrangement  closely  resembling  that  of  the  veins, 
and,  indeed,  the  larger  ones  are  usually  situated 
alongside  and  accompany  the  course  of  blood- vessels. 
Just  as  it  is  possible  over  the  surface  of  the  body  and 
linibs  to  distinguish  between  superficial  and  deep 
veins,  so  there  can  be  recognized  a  superficial  set 
of  lymphatic  vessels  (vaša  hmpbatica  snperGciatia), 
situated  superficially  to  the  fascia  which  encloses  the 
musculature,  and  a  deep  set  (vaša  Ijmptaatica  profuada), 
the  \cssels  of  which  he  beneath  the  fascia  ;  numerous 
Communications,  howe\er,  exist  between  the  two  sets. 
Just  as  the  veins  unite  to  form  larger  Irunks 
as  they  pa,sa  from  the  capillaries  toward  their  termi- 
nation,    so,    too,    the    lymphatics  ;     but    the    latter 

Sirescnt  two  peculiarities  which  distinguish  ihem 
rom  the  veins.  They  do  not  anastomose  as  abun- 
dantly  as  the  latter  and  there  is  not  the  same 
proportional  increase  in  the  size  of  a  lympliatic 
\'cssel  formed  by  the  junction  of  others  as  m  the 
veins,  so  that,  while  the  lymphatics  at  their  origin 
from  the  capillary  net-Morks  may  have  the  same 
calibre  as  the  corresponding  \'eins,  yet  their  terminal 
trunks  are  of  much  smaller  diameter. 

As  a  nile,  several  lymphatic  vessels  arise  from 
the  capillary  net-work  of  any  organ  or  region  of  the 
b<>dy,  and,  since  the  nct-work  is  to  be  regarded  as 
practically  c<intinuous  over  large  areas,  it  would 
appear  that  the  flow  of  lymph  from  any  circumscribed 
area  might  take  plače  llirough  widely  separated 
stems  and  l)e  carried  along  \ery  different  paths. 
And  such.  to  a  ccrtain  eKtcnt,  is  the  čase  :  but  it 
liasheenfound  by  experimentand  by  the  observation 
of  pathological  conditioiis  that  for  each  organ  or  region  there  is  a  more  or  less  definite 
lym|ihatic  path,  each  \'essel  or  group  of  vessels  tending  to  drain  a  somevhat  definite 
area  of  the  net-work,  a  fact  of  considerable  importance  from  the  diagnostic  standpoinL 
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Ali  the  lymphatic  vessels  terminate  directty  or  indirectly  in  one  of  two  main 
tninks,  which,  as  already  stated,  open  respectivety  iiilo  the  rijiht  and  left  siibclavian 
vdns.  The  left  trunk,  the  thoracic  duct  (ductus  tboracicus),  is  much  larger  than 
the  righl,  beginning  in  the  abdominal  region  and  tra\'ersing  the  entire  length  of  the 
thorax  to  reach  its  destination.  It  receives  ali  the  lyniph  returned  trom  the  loiAcr 
Umbs,  the  peUic  walis  and  viscera,  the  abdominal  walls  and  viscera,  the  lower  part  of 
the  right  half  and  the  whole  of  the  left  half  of  the  thoracic  wall.  the  left  half  of  the 
thoracic  viscera,  the  left  side  of  the  neck  and  hcad,  and  the  left  arm.  Tiie  other 
trunk,  the  right  lymphatic  duct  (ductus  lyniphaticus  deiter),  is  vcry  short,  and, 
indeed,  is  frequendy  »anting.  the  vessels  »hich  typlcally  unite  to  form  it  opening 
independently  into  the  vein.  It  receives  the  lymph  froni  the  upper  part  of  the  Hght 
side  of  the  thoracic  wall,  from  the  right  half  of  the  thoracic  viscera  and  the  upper  surface 
o(  the  liver.  the  right  si<le  of  the  neck  and  head,  and  from  the  right  arm  (Fig.  785J. 

In  structure  the  larger  lymphatic  vessels  are  similar  to  the  veins,  bul,  as  a  rule, 
their  walls  are  thinner  than  those  of  veins  of  corresponding  calibre  and  their  \alves 
are  more  numerous.  The  »alls  of  the  most  robust  trunks.  particularly  those  of  the 
thoracic  duct,  consist  of  three  coats.  From  within  uutward  thesc  are  :  (a)  the 
iniinta,  composed  of  the  endothelial  lining  and  the  hbro-elastic  subendothelial  layer  ; 
(A)  the  media,  made  up  of  involuntary  muscie  interspersed  with  fibro-etastic  tissue ; 
and  (f)  the  adventitia.  conststing  of  fibro-elastic  tissue  and,  frequently,  of  longitudinal 
bundlcs  of  involuntary  muscie.      ( Fig.  784- ) 

The  Lyaiphatic  Nodes. — Scattered  aiong  ihccourse  of  the  lymphatic  vessels 

are  to  be  tound  in  v  '  ... 

of  varying  size,  some- 


times  singly  but  r 
Irequently  in  chains  or 
groups  ( pleicus  lyiii' 
phatici)  of  from  three 
to  six  or  even  ten  to 
fifteen.  Thcse  are  the 
fymphaiic  nodes  (Ijm- 
phoglandulae).  As  it 
approaches  a  node,  a 
lymph  ■  vessel  divides 
into  a  number  of  stems, 
the  vosa  affereniia, 
which  enter  the  sub- 
stance of  the  node  and 
communicate  with  a 
capillary  net-work  in 
its  interior,  from  which 
a  some  w  Hat  smalter 
number  of  vessels,  the 
vosa  effereniia.  a  rise 
(Fig.  786).  These, 
leaving  the  node.  the 
surface  of  »hich  fre- 
quently  presents  a 
sliffht   depression, 


rcgions  of  the  bodv  elliptical  tlatlened  nodules  (Fig.  796) 
Kio.  786. 


ktlum.  at  their  point  of  emergence.  unite  to  form  the  continuation  of  the  vessel. 
The  lymph  conveyed  by  anj-  of  the  vessels  traverses  one  or  more  nodes  before 
emptying  intii  the  thoracic  or  right  tvmphatic  duct,  and  in  those  ca.ses  in  which 
a  plexus  ocairs  in  a  Ivmph-path  a  number  of  nodes  must  be  traversed.  The 
passagc  through  lin-  intranndular  nei-work  produces  a  grcaler  or  Icss  rctardation  of 
the  rtow  of  the  tliiid  and  afiords  opportunity  for  the  accuinulalion  of  lymphocytes, 
Moreover,  since  tliese  jmssess  a  phagocytic  function,  in  c:lscs  of  infection  of  any 
part  of  the  |jody  the  nodes  along  the  lymph-paths  leadiiig  from  it  bccome  more 
or  less  engorged  with  lymphocytes  and  eniarged,  and  in  čase  the  lymphocyte3  are 
unable  to  contend  successfully  with  the  infective  material,  the  nodes  may  serve  as 
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(oci  for  its  distribution  to  other  parts  of  the  systein,  The  nodes  therefore,  ser\ing 
as  traps  for  the  infective  material,  possess  a  high  degree  of  importance  froin  tfie 
surgical  standpoint,  an  accurate  knowledge  of  their  location  and  of  the  lymph-paths 
along  which  each  group  is  situated  being  of  great  value. 

In  addition  to  the  ordinary  lymph-nodes  there  occur  in  various  regions  of  the 
body,  especially  in  the  prevertebral  regions  of  the  abdomen,  structures  which 
resemble  lymph-nodes  in  their  form  and  size,  but  difier  from  ihem  in  color.  In 
general  the  lymph-nodes  are  of  a  pale  pinkish  color,  although  those  in  the  vicinity 
of  the  lungs  are  usual!y  blackish,  from  the  deposition  in  them  of  dust  particles  from 
the  lungs,  and  those  in  connection  with  the  vessels  arising  from  the  small  intestine  are 
milky  white  durlng  digestion.  The  structures  in  question,  however,  are  of  a  deep 
red  color,  owing  to  the  presence  of  abundant  blood-vessels  in  their  cortica!  portion, 
These  bodies  have  been  tcrmed  the  hemolymph  nodes,  but  their  exact  nature  and 
function  have  not  yet  been  definitely  ascertained.  Bv  some  they  are  regarded  as 
special  structures,  quite  different  from  the  lymph-nodes,  perhaps  partaking  somewhat 
oi  the  character  of  the  spteen  ;  while  others  regard  them  as  ordinary  lymph-nodes 
with  an  especially  rich  blood  supply,  transitional  forms  between  them  and  the  usual 
lymph-nodes  being  believed  to  exist.  Whether  or  not  direct  communication  exists 
between  the  cortical  blood-vessels  and  the  medullary  lymphatics  within  these 
hemolymph  nodes  is  aiso  a  question  concerning  which  diflerences  of  opinion  exist. 
Structurc  of  Ljfmphoid  Tissue. — Wherever  found,  whether  as  diffuse  masses, 
simple  nodules,  or  as  the  larger  and  more  complex  lymph-nodes,  ]ymphoid  or  adenoid 
tissue  is  composed  of  two  chief  con- 
Fic   7S7  stituents,  the  supporting   reticulum 

and  the  lymphoid  cells  contained 
within  the  meshes  ol  the  framenork. 
The  reticulum  varies  in  the  thickness 
of  the  component  fibres  and  the  siie 
of  its  meshes,  but  in  the  denser  types 
of  !ymphoid  tissue,  as  seen  in  the 
periphery  of  the  solitary  nodules  and 
in  the  cortical  folhcles  and  medullary 
cords  of  the  Iymph-nodes,  it  is  so 
masked  by  the  innumerable  over- 
lying  cells  that  only  after  remo\-al 
of  the  latter  can  the  supporting 
framework  be  satisf3ctorily  demon- 
strated.  The  reticulum,  Uie  nature 
of  which  is  stili  a  subject  ol  discus- 
sion,  may  be  regarded  as  modified 
tibrous  connective  tissue,  upon  the 
trabeculte  of  which,  particularlv  at 
the  points  of  junction.  flattened  con- 
nective tissue  cells  are  closely  applied 
as  a  more  or  less  complete  invest- 
ment.  In  certain  localities  where  of 
■■,;...-■■--  '"  exceptional  delicacy,  the  reticulum 

may  be  fornied  almost   eniirelv  by 
Simpi«  ijmph-iioauie  from  largi  miHiine.   X  1».  t^e  anastomosing  proccsses  of  stellate 

connecti\'e-tissue  elements. 
The  reils  composing  lyniphoid  tissue,  exceodingly  numerous  and  closely  packed. 
prescnt  tlio  general   charactcristics   that  distingiiish  the   lymphocytes.  being  small 
ek-niinls  «ilh  comparatively  largv  nucld,  ivhich  exhibit  a  strong  afhnity  for  nuclear 

The  simple  lymph-nodules,  of  varving  size  but  scldom  more  than  2  mm.  in 

diiimetcr,  ar<_'  irregularlv  spherical  or  clliptical  masst-s  of  lyniphoid  tissue  in  which  a 
dcnstT  pcriiilKTiil  /one  encinscs  and  bk-nds  «ith  a  core  of  less  compact  texture. 
\Vilhin  ihf  I.Hist-r  ;ind  ihcrcforc  lighter  central  area,  Ivmphoid  cells  in  various  stages 
of  mitotic  division  are  fre(]iiently  seen,  sucli  foci,  known  as  germ-cenfres.  indicatinj: 
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the  birthplaces  of  new  lymphocytes,  Althoutjh  the  limits  ol  the  lyinph-noduies  are 
cominonly  imperfectly  detined  by  a  condensation  of  the  surrounding  connective 
tissue,  a  distinct  capsiile  is  usually  wanting. 
DeAnite  lymph-channels  are  found  neither 
upon  the  surface  nor  within  the  simple 
nodules  ;  the  laiter  are  provided,  however, 
with  a  generoiis  net-work  of  capillary 
blood-vessels  (Fig.  792). 

Intermediate  in  their  complexity  of 
arrangement,  between  the  simple  nodules 
on  the  one  hand  and  the  typical  lymph- 
nodes  on  the  other,  stand  such  structures 
as  Peyer's  patches  and  the  faucial  and 
pharyngeal  tonsits,  in  uhlch  groups  of 
simple  nodules  are  blended  into  a  single 
or|^n,  the  component  foUicles  only  partly 
retaining  their  individuality. 

The  lyinph-nodes  interposed  along 
the  tymphatic  vessels,  usually  embedded 
within  fatty  tissue.  represent  stili  higher 
difierentiation  as  distinct  organs.  In  form 
and  size  they  vary  from  minute  bodies 
resembling  millet-seeds  to  flattened  oval  or 
bean-shaped  organs,  that  may  measure  almost  an  inch  in  their  longest  diameter. 
They  are  invested  by  a  distinct  tibrous  capsule.  in  which  elastic  fibres  constantly  and 
unstriped  muscle  occasionally  are  present.  From  the  deeper  surface  of  this  envelope 
numerous  radially  directed  trabecula;  penetrate  the  outer  zone,  or  corlex,  which  is 
thus  subdivided  Into  a  series  of  pyramidai  compartinents.  On  reaching  the  inner 
limits  ol  the  cortical  zone,  the  trabecula;  are  less  regularh'  dlsposed  and  more  iredy 
uniied,  thereby  breaking  up  the  deeper  parts,  or  medulla.  ol  the  node  into  uncertain 
cylindncal  compartments.     The  spaces  thus  imperfectly  defined  by  the  trabeculie  are 


.  ibowing  dctaib 


inctinipkalv  lilled  by  massi^s  nI  cnmpact  Umphoid  tissue.  the  general  form 
arrangijnicnt  of  uhich  corrcspond  to  the  compartments  in  which  thev  lie.  *  The  m; 
icd   within    the   peripheral  spaces  are   sphcriGi!   or  pyrilorm  and 
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the  cortkal  nodules ;  those  within  the  cominunicating  central  compartments  form  a 

net-work  ol  irregular  cyHnder3,  the  niedullary  cords,  which  are  continuous  with  one 

another  and  with  the  deeper 
part  of  the  cortical  nodules 
(Fig    789)- 

The  intervals  betveen 
the  tracts  of  lytnphoid 
tissue  and  the  trabecular 
fran]e-work  constitute  a 
sy steni  of  freely  intercom- 
municating  channels,  the 
iymph  -  stttusfs,  throuRh 
which  passes  the  Ij-mph 
brought  to  the  node  by  the 
afferent  lymphatic  vessels. 
The  latter  pierce  the  capsule 
on  the  convex  surface  of 
the  node  and  emptv  inio 
the  sinuses  that  sutround 
the  outer  and  lateral  suriaces 
of  the  cortical  nodules. 
After  traversing  the  periph- 
eral  sinuses,  the  lymph 
passes  into  the  irregular 
channels  of  the  medulla 
and  touards  the  point  at 
which  the  efierent  lyniph- 
vessels    leave    the   nodule. 

Po   o       pe  ph  t>        mpii    «1  e  km    isbeiuia       The  positjon  of  this  exit  is 

"  '"''  usually  indicated  by  a  more 

or  less  pronou     ed    nden  a      n     know  n  as  the  i  i  tr     on  the  surface  of  the  node 

opp  s  te    ll  e    entran  e    of    ll 

afferen    lyn  ph    essels 

The    lymph-sinuses,    there- 

fore,    are  bounded  on  one  side 

by  the  capsule  or  the  trabeculae 

and  on  the  other  by  the  masses 

of  dcnse  lymphoid  tissue.     The 

lumen  ol  these  channels,  however, 

is   not    Iree,  but  occupied    by  a 

delicate  \vide-meshed    reticulum 

consisting    of     line     strands    of 

conneclive    tissue    where     most 

marked,  or  of  the  processes  ol 

stellate  cells  w'here  very  delicate 

(Ebner).      The  sinuses  are  lined 

by  an  imperlect  layer  of  flattened 

plate-like    cells,    that    represent 

the  endothelium  of  the  adjoining 

lymphatic  vessels  and  also  coi'er 

the  more  rrihusl  trabcculas  Cross- 
ing the  channels.     The  reticulum 

occupvin^  the  sinuses  is  continu- 
ous  ttith    the   closer    and   more 

delicate  nel-\viirk  vvithin  the  adja- 

cent     dense     lyiiiph<)id      tissue. 
^Although  both  the  afferent  and 
prent  lymphatics  are  provided 
%  val  ves,  the  !yniph-channels 
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within  the  node  are  destitute  of  such  folds.  The  passage  of  the  lymph  ihrough  the 
nodes  is  rctardiKl  by  the  reticulum  u*ithin  the  sinuses,  thus  favoring  the  entrance  of 
the  young  lymi)hocytes  from  the  surrounding  lymphoid  tissue  into  the  sluggishly 
circulating  fluid.  Germ-centres,  the  particular  foci  for  the  prcxJuction  of  the  lytnpho- 
cytes.  u:>uaUy  are  present  within  the  cortical  nodulcs,  but  are  not  fouiid  within 
medullary  cords. 

The  blood-vessels  for  the  nutritlon  of  the  Ivmph-nodcs are  numerous.  Entenng 
at  the  hilum,  ihey  divide  into  arterioles  which  follow  the  trabeculit,  giving  off  snialler 
branches   that   pene- 

tralt    the    medullarj  ' "     9» 

cords  and  tht  cortical 
nodules  and  break.  up 
into  rich  capillarj  net 
»orks  for  the  suppl> 
of  the  denser  Ijm 
phoid  tisbiie 

Both  inedullated 
and  non  medullatcd 
nerves  enter  tht 
node  at  the  hilum  ni 
companv  with  the 
blood  \eshelb  Thej 
are  chiefJv  s>inpa 
thetic  fibres  destined 
for  the  in\oli]ntar\ 
muiicle  of  the  vesM.li. 
and  of  the  capsule. 
The  distribution  of  the 
medullated    fibres   is 

uncertain.  According  to  TonkofI,  fibrilla;  are  traceable  into  the  lymphatic  tissue  of 
the  medu  Ha. 

Development. — The  origin  o[  the  first  lymph-celh.  the  lymphocytes.  is  uncer- 
tain, these  elements  appearing  oiitside  the  vessels  as  derivatives  from  the  mesoblast 
(p^e  688).  After  the  establishment  of  the  Ivmphoid  tissue  new  cells  are  continually 
bcing  formed  within  the  various  lytnph-nodes  and  nodules. 

The  development  of  the  lymphatic  vessels  has  generallv  been  believed  to 
proceed  from  the  veins  by  a  process  of  budding  (Ranvier),  similar  to  that  followed 
in  the  extension  of  the  blood-vessels;  and  certain  recent  investigators, — Sabin,' 
who  studied  the  development  of  the  lymphatics  in  pig  embrvos,  and  F.  T.  Lewis,' 
who  worked  with  rabbit  embrj-os, — while  diflering  as  to  details  of  the  developmeni 
of  the  definilive  lymphatic  stems,  agree  as  regards  their  origin  in  this  manner. 

Sabin,  by  employing  a  method  of  injection,  found  that  the  first  traces  of  a 
Iymphatic  systeni  appear  in  pig  embryos,  14.5  mm.  in  length.  as  two  small  out- 
growths.  which  develop,  one  on  each  .side,  at  the  junction  oi  ihe  subclavian  and 
jugular  veins  ;  from  these,  by  a  process  of  endotheliat  budding,  vessels  gradiially 
grow  towards  the  skin,  radiating  and  anastomosing  in  ali  directions  to  form  a 
subcutaneous  net-work,  which  gradually  extends  throughout  the  anterior  half  of  the 
body.  Later  two  additional  outgrowths  develop  at  the  jiinclion  of  the  femoral  and 
post-cardinal  veins,  and  jjive  rise  to  a  subcutaneous  net-work  throughout  the  posterior 
half  of  the  bodv.  the  two  sets  of  net-works  thus  formeii  eventually  uniting. 

Lewis's  siudies  of  seriat  sections  of  rabbit  embryos  gave  somevvhat  different 
resulCs  and  indicatcd  that  Sabin's  method  of  studv  did  not  suftice  to  reveal  the  actual 
origin  of  the  lymphalics.  He  found  the  first  of  these  vessels  along  ihc  course  of  the 
intemal  jugular  vein  as  a  series  of  spaces,  each  of  which  he  supposed  to  represent  an 
iiidependent  <nitgrowth  from  the  \ein.  These  spaces  eventuallv  fused  to  form  a 
single  lymph-ch^innel  accomp3nying  each  vein.  and  other  channels  were  found  to 
arise  in  a  similar  manner  in  connection  with  the  subcardinal.  mesenteric,  and  azygos 

'  Amer.  Jour.  of  Anatomy,  vol.  i.,  1901. 
'  Anicr.  jour.  of  Analuniy.  vol.  v.,  1905. 
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veins.  The  various  channels  finally  unite  to  form  a  continuous  system  which  acquires 
new  openings  with  the  venous  systein  near  the  tefmination  of  the  subdavian  veins, 
the  condition  found  in  the  adult  being  thus  established. 

More  recently  Huntington  and  McClure,'  working  with  cat  einbr>'os,  have  also 
found  ihe  earliest  traces  ol  the  )yinphatic  system  in  a  series  of  spacea  which  appear  in 
the  tissiie  surrounding  the  intima  of  the  anterior  cardinal  veins,  but  they  found  that 
these  spaces  have  at  first  no  connection  with  the  veins,  nor  are  they  oulgroMths 
from  them.  The  anterior  cardinal  vein  of  each  side  is  early  divided  longitudinally 
into  two  portions  by  the  passage  through  it  of  the  cervical  nerves,  and  the  dorso- 

lateral  portion   o(  the  vein  later 
Fig.  793.  undergoes      retrogresaion,      the 

ventro-medial  portion  persisting 
as  the  internal  jugular.  As  the 
dorso-lateral  portion  shrinks,  the 
lymphatic  spaces  along  its  course 
rapidly  enlarge,  fuse  together, 
and  form  a  large  lymphatic  stem, 
which  subsequenUy  makes  con- 
nection with  the  subcla\'tan  vein, 
and  thus  forms  the  pninary 
lymphatic  trunk  of  the  body 
(»•■'g-  793)- 

Later,  spaces  develop  along 
the  course  of  the  anterior  cardinal 
veins  below  the  point  where  the 
subciavians  open  into  them,  but 
it  is  noticeable  that  those  occur- 
ring  in  association  with  the  left 
vein,  which  undergoes  retrogres- 
sion,  develop  more  rapidly  ihan 
those  accompanying  the  same 
portion  of  the  right  vein  and  form 
the  tkoradc  dud  (Fig,  794),  this 
slructure  thus  belonging  essen- 
tially  to  the  left  halE  of  the  body, 
since  the  principal  persistent  veins 
occur  on  the  right  side.  Similar 
spaces  appear  in  the  peri-intimal 
tissue  of  other  veins,  and  in  ali 
cases  those  associated  with  retro- 
r^7j:*.p^'uimV'^'™r,^^'ing'«Vvi«^^^^^^  grcssive  veinsare  the  most  rapid!y 

developed.  \Vhile  most  of  the 
principal  lymphatic  tnmks  unite  with  the  thoracic  duct,  yet  they  may  also  form 
temporary  or  evcn  permanent  Communications  with  other  veins  than  the  subclavian, 
certain  of  the  adult  anomalies  bcing  results  of  these  connections. 

From  these  ot)ser^■ations  it  seems  that  the  lymphatics  arise  from  spaces  »hich 
are  primarily  independent  of.  although  associated  with,  the  veins,  and  that.  white  this 
mode  of  origin  o[  the  lymphatics  applies  to  those  following  the  primitive  Bystcmic 
veins,  vet  the  more  pcriplieral  p()rtions  of  the  system  are  developed  by  a  process  crf 
budding  from  the  main  stems.  just  as  is  the  casc  with  the  smaller  branches  of  the 
blo")d-\'essels.  Bv  this  budding  process  the  system  gradually  c.\tends  throughout  the 
biKlv,  invading  the  various  tissiies.  the  invasion,  however,  failing  to  affect  certain  of 
the  tisSHes.  such  as  cartilage  and  the  central  ner\-oiis  svstem. 

The  devi'lopmeiit  of  the  lyniph-nodes  has  becn  rccentlv  studied  by  Kling'  and 

hy  Sabin."     .-\ccording  to  the  latler  investigator.  the  lymph-nodes  may  be  regarded 

as  formc-d  bv  two  fimdaniental  parts — the  Ivmpkoid  element,  consisting  of  Ivmpho- 

cvtes  in  a  reticnliini  surrounding  the  ti-rniinal  artery  and  its  capillaries  within  the 

'  AnuT.  Ji.ur.  c)f  ,^natomy,  vol.  vi.,  \cfa~.         '  Archiv  f,  niikros.  Anat.,  Bd,  63,  1904. 

^  Anicr.  Jour.  of  Analoinv,  vol.  v..  1905.  •  Anicr.  Jour.  of  Anaiomy,  vol.  v.,  1905. 


Ociclopini;  1ymph*lk>  in  (Bbbil  embn«  of  II  mm.  ^t^  dayl}; 
y  9.    L)'Ri|ihalic  vhkIi  m  hfavilv  sluded ;  vdns  >te  ll)[lit.    InJ., 

£^.Ar..'cit'crna1  rnainmary^  At..  ai));«:'  rcz/liijerlor  vnu  csvi ' 

AmSTK^..  ^nal  alJM^ffii?^  ^ht^tdiiols :  ^>)'.,  VirimUiv. 
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cords  and  germ-centres  respectively,  and  the  sinus-elemenl,  reprcsenied  by  channels 

resulting  Irom  the  iniiltiplication  o(  the  lymph-vessds.     The  former,  or  vascular  facior, 

is  constaiit  and  present  in  the  simplest  nodule  ;  ihe  sinus-element.  on  the  contrary, 

varies,  somelimes  (as  in  the  usual  type  of  nodc)  bein^J  di;ve!o|>ed  from  numbers 

of  closely  pack  cd  lyniph-ducts 

and.   thercfort',    of   lyinphalic 

origin.  and  at  olher  times  (as 

in    the     hemolymph    nodes) 

being  venous  channels  occu- 

pied  by  blood.      By  the  sub- 

sequent    inlergroMth    of    the 

lymphoid    element    and     the 

gready      mulliplied      lymph- 

capillaries.     the     intervening 

bndges  of    connective  tissiie 

are  reduced  in  thickness  until 

finaliy    only    the     reticulum 

remains    and    the    lymphoid 

tissue    is   ultiniately    brought 

into     int  imate    relation    uit  h 

the    surrounding    sinus.      In 

certain  nodes  the  sinus  retains 

its  character  as  a  direct  out- 

growlh    from    the    veins   and 

becomes   filled  with   erythro- 

cytes.    Such  nodes  assnme  the 

pecultarities    of     hemolymph 

nodes,    in   which    the  blood- 

sinuses     replace     those     that 

convey    !ymph.        As    Sabin 

bas    emphasized,   the  follicle 

is  the  anatomical   as  well  as 

the  vascular  unit,  the  simplest 

nodule  consisting  of  a  singlc 

foUtcIe.      The  laiter   may  be 

without  a  sinus,  or  surrounded 

by  one  which  is  either  a  lym- 

phatic  or  a  venous  channel. 


In  describing  the  various 
lymphatic  vesseis  and  nodes  it 
wiH  be  convenient  to  consider 
first  the  great  terminal  trunks 
of   the   svstcm,   the    thoracic 
and    right    Ivmpbatic    ducts,     .■ 
and  ihen  liiscuss  the  rcmaining    jj 
portions    of    iho  svstcm  from 
the  topoj,'ra|>hical  sland]»>inl. 
of  each  rcgion.  the  coiirse  itf  thi 
tO  the  nodt-s  bcini;  sul>scqucntl; 


rtevilopinK  Ivmphatics  in  rabbil  pmhrio  of  31  mm,  I17  ilnvs 
vmiihalic  veuelsare  havilv  sliadcd  :  vrinsare  lifthti  for  sieniI 
riviKriiiK  im  prnrdlTiiF  liEiire;  in  acliiiliun,  <>.,  ueuhalic  ;  Ar 
i>ah  J?..radial:  5i..  nuhsrnrnlar:  .Sf ■..  si-ialic  ^  />..  (emoia 
lulumbar.    (F.   T.  i™'ij.') 

Atlention  «ill  be  direclcd  j)rimarilv  to  the  1 
;  lymph-paths  from  each  organ  and  thdr  rcla 
;  considcred. 
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Thi'  thorarir  din-l  i  ituctus  thuracicus^  (Fig. 

of  the  second  himbar  vcrubra,  throuj>h  the  entii 

the  left  sulw-l,iviiin  vcin  close  to  the  j>ctint  Mh. 

iugiilar.      Its  cntire  k-nirth  is  from  43-4fi  cin.  (  i 

•  AniLT.  Joiir.  of  .\n;ilomy. 


r95  I  cxtciids  fnmi  the  lowcr  border 
t'  lenglh  oi  the  thorax.  to  open  into 
re  it  is  j-iini-d  by  the  Icft  internat 
r-iS  in. ).  Thi;  duct  lies  at  (irst  in 
vol.  v.,  1905. 
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front  of  the  lirst  and  second  lumbar  vertebrse,  and  passes  upward  through  the  aomc 

opening  of  the  diaphragm.     In  the  thorax  its  course,  although  5lightly  sinuous,  in 

Frc,  795. 


liiSMiiiiiTi  ui  {»Mvri'!!  buil>'Uall.  miii  Iiuii  iii  Ironl.  itiuwini;  thoracic  ducl  and  ligbt  IrKphuic  dDCI; 
n^iiit  liave  bten  l*tenlly  dis|i1ai-«l  lu  eKiKis«  iriniiiiationiol  ihonck  di«l. 

general  is  at  tirst  almost  directly  upward,  a  littlc  to  the  right  of  the  median  line  of 
the  bodies  of  the  thoracic  vcrtebne ;  at  the  level  of  from  the  sixth  to  the  fourth 
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vertebrae,  however,  it  begins  to  incline  slightly  towards  the  left,  and,  finally,  at  about 
the  lower  border  of  the  seventh  cer\'ical  vertebra  it  changes  its  direction  somevvhat 
abruptly,  passing  upward,  forward  and  to  the  left,  and  then  downward  and  foruard, 
thus  forming  an  arch  whose  convexity  is  directed  upward  and  whose  extremity 
opens  in  to  the  subclavian  vein. 

The  thoracic  duct  is  formed  by  the  union  of  the  right  and  left  lumbar  trunks 
(tninci  lumbales)  which  drain  the  lumbar  nodes.  The  left  trunk,  shortly  before  its 
union  with  the  right,  is  usually  joined  by  an  unp>aired  intestinal  trunk  (tniacus  intes- 
tinalis)  that  drains  the  coeliac  and  mesenteric  nodes.  J  ust  above  its  commencement 
the  thoracic  duct  usually,  although  not  always,  presents  a  pyriform  enlargement,  the 
receptaculum  chyli  (cisterna  ch}ii),  which  extends  up\vard  as  far  as  the  level  of 
the  eleventh  thoracic  vertebra,  and  measures  from  5-7.5  cm.  (2-3  in. )  in  length  and 
from  6-8  mm.  in  diameter.  Above  the  eleventh  thoracic  vertebra  the  duct  gradually 
diminishes  in  calibre  until  about  the  middle  of  its  course,  where  it  again  enlarges. 
The  thoracic  duct  possesses  few  valves  in  comparison  with  other  lymphatic  vessels, 
those  which  do  occur  being  frequendy  insufficient.  Its  entrance  into  the  subclavian 
vein,  however,  is  g^arded  by  two  well-developed  leaflets,  which  prevent  the  passage 
of  blood  into  the  duct. 

Relations. — In  its  abdominal poriion  the  thoracic  duct  lies  almost  in  the  median 
line  in  front  of  the  bodies  of  the  first  two  lumbar  and  twelfth  thoracic  verlebrie,  and 
between  the  crura  of  the  diaphragm,  or  under  cover  of  the  right  crus.  Anteriorly,  it 
is  in  relation  with  the  right  side  of  the  abdominal  aorta,  \vith  the  greater  azvgos  vein 
to  the  right. 

In  its  thoracic  portion  it  lies  at  first  within  the  postcrior  mediastinum,  but 
above,  it  enters  the  superior  mediastinum.  In  the  former  it  lies  anterior  to  the 
bodies  of  the  eleventh  to  the  fifth  thoracic  vertebne,  and  has  in  front  of  it.  from 
below  upward,  the  pericardium,  the  oesophagus,  and  the  arch  of  the  aorta.  The 
thoracic  aorta  lies  to  the  left  of  it,  and  to  the  right  are  the  right  pleura  and  the 
gjeater  azygos  vein.  The  lower  right  intercostal  arteries  pass  betvveen  it  and  the 
bodies  of  the  vertebrae,  as  does  also  the  terminal  portion  of  the  hemiazvgos  vein. 
In  the  superior  mediastinum  it  rests  upon  the  lo\ver  pa  rt  of  the  left  longus  coUi 
muscle,  being  separated  by  it  from  the  bodies  of  the  upper  three  thoracic  vertebrae. 
Anteriorly,  it  is  in  relation  with  the  origin  of  the  left  subclavian  artery  and  \vith  the 
vertebral  vein  :  to  the  left  is  the  left  pleura  and  to  the  right  are  the  cesophagus  and 
the  left  recurrent  laryngeal  nerve. 

Its  arch  is  in  relation  below  with  the  apex  of  the  left  lung  and  \vith  the  left  sub- 
clavian arterv  ;  to  the  left  and  posterior  to  it  is  the  vertebral  vein  and  to  the  right 
and  anteriorlv  are  the  left  common  carotid  arterv,  the  left  internal  jugular  vein.  and 
the  left  pneumogastric  ner\'e. 

Tributaries. — In  addition  to  the  right  and  left  lumbar  and  the  intestinal  trunks 
by  whose  union  it  is  formed,  the  thoracic  duct  receives  on  either  side  (  i )  near  its 
origin,  a  dcscendinir  trunk  \vhich  drains  the  i>osterior  nodes  of  the  lower  six  or  seven 
intercostal  sp;ices  :  (2)  an  asccndhia:  stem  from  the  upjXT  lumlxir  nodes  \vhich  trav- 
erses  the  crus  of  the  cliaphragm  and  joins  the  duct  at  about  the  level  of  the  ninth  or 
tenth  thoracic  vertebrae  ;  (3)  the  efferent  vessels  from  the  upper  posterior  intercostal 
nodes,  which  sometimes  unite  to  form  a  single  ascending  stem  opening  into  the  upi)er 
part  of  the  duct  ;  (4)  the  efferent  vessels  of  the  f)osterior  mediastinal  nodes  :  (  5 )  the 
left  jufriilar  trunk ;  and,  occasionallv,  (6)  the  left  subclavian  and  (  7)  the  le/t  brone ho- 
mediastinal  trunks,  thc^e  last  thrcH.*  uniting  with  the  duct  just  before  it  opens  into  the 
subclavian  vein. 

Yariation8. — The  thoracic  duct  is  suhject  to  numerous  variations.  so  much  so  that 
certain  aiithors  havc*  rejjardcd  as  tvpical  arranjjements  uhich  otht*rs  have  considertfd  to  be 
abnormal. 

Its  orijjin  is  frcijiuntlv  opposite  the  body  of  the  first  hinil>ar  vertebra  or  even 
opposite  the  last  thoracic  ;  and  rarelv  it  is  Wow  the  louer  lH)rder  of  the  second  lunit>ar. 
Instead  of  Ikmhjj:  formed  hy  the  union  of  onlv  two  trunks.  three  are  fre<^uently  found 
participalinp:  in  its  ori^jin.  the  inld  one  Infin^  the  intestinal  trunk  uhich  usually  opens  into 
the  left  lumbar  tnink.  Occasionallv  ali  three  trunks  are  represented  by  a  number  of  smaller 
stems  which  anastomose  uith  one  another  as  well  as  uith  the  descendinj?  stems  from  the 
posterior  intercostal   nodes,  the  plexus  so  formed  communicatinj;;:  by  a  number  of  eflferenLs 


934 


HUMAN   ANATOMV. 


The  niucous  membranes  ha  ve  cssentially  the  same  arrangemcnt,  the  net-work  w  ith- 
inthtsmall  intestiiie,  for  instance,  bcingarrangediii  twomoreor  less  distlnct  lajers,  one 
of  which  iies  in  the  ^ubmucotMi  and  sends  loops  or  blindly  eiiding  processes  into  the  villi, 
whi!c  the  other  is  situated  in  the  muscular  coat.  What  may  be  regarded  as  a  third  net- 
ftork,  lyiiig  benealh  the  serous  or  connective-tissue  investment,  is  (omied  by  the  anas- 
tuniusis  of  tile  slems  arising  from  the  dceper  net-works  and  it  is  from  this  last  ncl-Murk 
that  the  efferent  stcnis  arise.  In  most  other  organs  lined  by  mticous  membrane  a 
siniilar  arrangemeiit  occure,  although  in  the  uterus,  bladder,  and  iireters  the submucous 
net-work  seems  to  be  waiiting,  the  muscular  set  alone  being  demonstrable.  Through- 
out  the  serous  membrane«  the  net-works  possess  naturally  a  layered  arrangemcnt,  but 
in  the  more  niassive  organs,  such  as  the  liver  and  pancreas,  they  are  arranged  uith 
reference  to  the  constituent  Inbules,  each  being  invested  by  an  interlobiilar  net-»ork. 
Considerable  variatioa  exisLs  in  the  closeness  of  the  net-work  in  different  organs, 
and,  indeed,  in  diilercnt  parts  of  the  same  organ,  but  c\'erywhere  the  Ivmph- 
capillarics  are  exceedingly  thin-wa11ed  and  possess  no  vaKcs.  As  has  been  )>oint(.'d 
out,  the  viev/  formerly  prevailed  that  the  capillaries  comniunicaled  directly  with  the 
great  serous  cavitics  of  the  body,  with  ihe  spaces  of  the  connective  tissues,  and  e\en 
with  the  pericellular  spaces  which  occur  in  the  more  compact  tissues,  aH  ihese  being 
regarded  as  radicles  of  the  1ymphatic  vessels.  It  is  now  believed,  how-ever,  that 
such  is  not  the  čase,  but  that  the  nct-works,  which  are  everyw  herc  continuous,  are 
COmpletely  closed  excepl  for  thcir  Communications  with  the  efferent  \essels. 

The  Lymph- Vessels. — The  lymph-vessels. 
Fig.  785.  which  issue  from  the  capillarj'  net-works  and  ccm\ey 

the  lymph  ultitnately  to  the  subciavian  veins.  have 
an  arrangemcnt  c1osely  resembling  that  of  the  veins, 
and,  indeed,  the  larger  ones  are  usually  situated 
alongside  and  accomj>any  the  course  of  blood- vessels, 
Just  as  it  is  possil>le  over  the  surface  of  the  body  and 
linibs  to  distinguish  between  superficial  and  decp 
veins,  50  there  can  bc  recognized  a  superficial  sri 
of  lymphat!c  vessels  (vaša  Ijmpbatica  su|Krficialia). 
situated  superficL'illy  to  the  fascia  vhich  encloses  the 
musculature,  and  a  deepset  (vaša  lympbatica  profuoda), 
th*:  \cssels  of  which  lie  beneath  the  fascia  ;  numerous 
Communications,  hoMcver,  exist  betveen  the  two  sets. 
Just  as  the  veins  unile  to  form  larger  trunks 
as  lhey  pass  from  the  capillaries  toward  their  termi- 
nation,  so,  too,  the  lymphatics ;  but  the  Utter 
present  two  peculiaritics  which  distinguish  them 
from  the  veins.  They  do  not  anastomose  as  ahun- 
dantly  as  the  latter  and  there  is  not  the  same 
proportinnal  increase  in  the  size  of  a  I)-mphatic 
vc-ssel  formed  by  the  junction  of  others  as  in  the 
veins,  so  that,  ivhile  the  lymphatics  al  their  origin 
from  the  capillary  net-works  may  have  the  same 
calibre  as  the  corrcsponding  veins,  yet  their  terminal 
tnmks  are  of  much  smaller  dia  meter. 

As  a  rule,  several  lymphatic  vessels  arise  from 

the  capillary  net-work  of  any  organ  or  region  of  the 

|j<Kly,  and,  since  the  net-work  is  to  be  regarded  as 

|)ractically  continuous  over   lai^e  areas,    it  would 

appcar  that  the  flow  of  l)mph  from  an)-  circumscribed 

oi  fi)[u«  »ho**  arn     ^^*^'^  might   take   plače  through  widely  separatcd 

,t  ivmphaiii'  duti;  ijm-      sicnis   and   l>c  carried   along  ver>'  different    paths. 

l,v°th™d('du"."'"''  '""""^  ""'*"       And  such,  to  a  certain  e.xtent,  is  the  čase  :  bul  it 

has  been  fnund  l>y  experimentand  by  iheobservation 

of  iKilhdlogical  condilions  that  for  each  organ  ()r  region  there  is  a  more  or  less  definitc 

lymphatic  path,  each  vessel  or  group  of  vessels  tending  to  drain  a  somevhat  definite 

aresi  of  the  net-work,  a  fact  of  considerable  importance  from  the  diagnostic  standpoint. 
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AU  the  lymphatic  vessels  terminale  directly  or  indirectly  in  one  of  two  main 
trunks,  which,  as  a]ready  stated,  open  respectively  into  thc  ri^ht  and  left  subclavian 
vdns.  The  leh  trunk,  the  thoracic  duct  (ductus  thoracicusj.  is  much  larger  than 
the  right,  beginning  in  the  abdominal  region  and  tra\ensing  the  entire  length  of  the 
thorax  to  reach  its  deslination.  It  receives  ali  the  lymph  retunied  from  the  lower 
limbs,  the  pelvic  M'alls  and  viscera,  the  abdominal  walls  and  viscera,  the  lower  pare  of 
the  right  haif  and  the  uhole  of  the  left  half  of  the  thoracic  wall,  the  left  half  of  the 
thoraac  viscera,  the  left  side  of  the  neck  and  head,  and  the  left  arm.  The  other 
trunlc,  the  right  lyinphatic  duct  (ductus  lyo]{ibaticuH  deitcr),  is  very  short,  and, 
indeed,  is  frequendy  wanting.  the  vessels  which  typicaily  unile  lo  form  it  opening 
independently  into  the  vein.  It  receives  the  lymph  froin  thc  iipper  part  of  the  right 
side  of  the  thoracic  wall,  from  the  right  hali  of  the  thoracic  viscera  and  the  upper  surface 
of  the  liver,  the  right  side  of  the  neck  and  head,  and  from  tlie  right  arm  (Fig.  785J. 

In  structure  the  larger  lyinphatic  vessels  are  similar  to  the  veins,  but.  as  a  nile, 
iheir  walls  are  thinner  than  those  of  veins  of  corresponding  calibre  and  their  valves 
are  more  numerous.  The  walls  of  the  most  robust  trunks.  particularly  those  of  the 
thoracic  duct,  consist  of  three  coats.  From  within  outivard  these  are  :  (a)  the 
iniima,  composed  of  the  endothelial  lining  and  the  (ibro-ehistic  subendothciial  layer  ; 
(6)  the  niedia,  made  up  of  involuntary  muscle  intersperecd  »ith  fibro-elastic  tissue ; 
and  (c)  the  advcntitta,  consisting  of  iibro-elastic  tissue  and.  frcquently,  of  longitudinal 
bundies  of  involuntary  muscle.      (Fig.  784. ) 

The  L.ymphatic  Nodes. — Scattered  along  the  conrse  of  the  lymphatic  vessels 
are  to  be  found  in  various  regions  of  the  bodv  elliptical  flaltened  nodules  (Fig.  796) 
of  varying  size,  some- 

times  singly  but  more  '""k^'  7^6. 

frequendy  in  chains  or 
groups  ( plcKus  lym- 
pbaticl)  of  from  three 
to  six  or  even  ten  to 
fifteen.  These  are  the 
fymphatic  nodes  (lyiii' 
phoglandulae ).  As  it 
approaches  a  node,  a 
!ymph  -  vessel  divides 
inioa  number  of  stems, 
the  vosa  afferetUia. 
which  enter  the  sub- 
stance of  the  node  and 
communicate  with  a 
capiUary  net-work  in 
its  interior,  from  M-hich 
a  somewhat  smaller 
number  of  vessels,  the 
vosa  efferenlia,  a  rise 
(Fig.  786).  These, 
leaving  the  node,  the 
surface  of  which  fre- 
quently  presents  a 
slight  depression,  the 
kilum.  at  their  point  of  emcrgence.  unite  to  form  the  continuation  of  the  vessel. 
The  lymph  conveved  by  anv  of  the  vessels  traverses  one  or  more  nodes  before 
emptying  into  thc  thoracic  i)r  right  Ivmphatic  duct,  and  in  those  ca.ses  in  which 
a  plexus  occiirs  in  a  lymph-path  a  niiml>er  of  nodes  must  be  traversed.  The 
passage  ihrough  the  inlranodiilar  net-Miirk  produces  a  greatcr  or  less  retardation  of 
the  fiow  of  the  tluid  and  atfords  opportunity  for  the  accumulation  of  lyniphocytes. 
MoreovcT,  since  these  jio.ssess  a  phagocytic  functinn,  in  cases  of  infection  of  anv 
part  of  the  bo<ly  thc  nodes  along  the  lymph-palhs  leading  from  it  become  more 
or  less  engorged  witli  lymphocytes  and  enlarged,  and  in  čase  the  lymphocytes  are 
unable  to  contend  successfully  with  the  infective  material,  the  nodes  may  ser\e  as 


ture  ot  Ivmph-DDde. 


936 


HUMAN   ANATOMV. 


foci  for  its  distribution  to  other  parts  of  the  system.  The  nodes  therefore,  ser\ing 
as  traps  for  the  infective  material,  possess  a  high  degree  of  importance  froin  ifie 
surgical  standpoint,  an  accurate  knowledge  of  their  location  and  of  the  Iyinph-path3 
along  which  each  group  is  situated  being  of  great  value. 

In  addition  to  the  ordinary  lymph-nodes  there  occur  in  various  regions  of  the 
body,  especially  in  the  prevertebral  regions  ol  the  abdomen,  stnictures  which 
resemble  lymph-nodes  in  their  form  and  size,  but  differ  from  them  in  color.  In 
general  the  lyinph-nodes  are  of  a  pale  pinkish  color,  although  those  in  the  vicinity 
of  the  lungs  are  usua]iy  btackish,  from  the  deposition  in  them  of  dust  particies  front 
the  lungs,  and  those  in  connection  with  the  vessels  arising  from  the  small  intestine  are 
milky  white  during  digestion.  The  structures  in  que3tion,  however,  are  of  a  deep 
red  color,  owing  to  the  presence  of  abundant  blood-vessels  in  their  cortical  portion. 
These  bodies  have  been  terroed  the  hetnolymph  nodes,  but  their  exact  nature  and 
function  have  not  yet  fjeen  definitely  ascertained.  By  some  they  are  regarded  as 
special  structures,  quite  different  Irom  the  lyniph-nodes,  perhaps  partaking  soinewhat 
of  the  character  of  the  spleen  ;  while  others  regard  them  as  ordinary  lymph-nodes 
with  an  especially  rich  blood  supply,  transitional  forms  between  them  and  the  usual 
lymph-nodes  being  believed  to  exist.  Whether  or  not  direct  communication  exists 
between  the  cortical  blood-vessels  and  the  medullary  lymphatics  within  these 
hemolymph  nodes  is  also  a  question  concerning  which  diRerences  of  opinion  exisL 
Structure  of  Lr/mphoid  Tissue. — Wherever  found,  whether  as  difiuse  masses, 
simple  nodules,  or  as  the  larger  and  more  complex  lymph-nodes,  lymphoid  or  adenoid 
tissue  is  composed  ol  two  chiel  con- 
F        S  stituents,  the  supporting   reticulum 

and  the  lymphoid  celiš  contained 
ttithin  the  meshes  of  the  framework. 
The  reticulum  varies  in  the  tbickness 
of  the  component  fibres  and  the  size 
,yj  ol  its  meshes,  but  in  the  denser  t>-pcs 

Rianda  of  lymphoid  tissue,  as  seen  in  the 
periphery  of  the  solitary  nodules  and 
in  the  cortical  follicles  and  medullary 
cords  ol  the  lymph-nodes.  it  is  so 
masked  by  the  innumeraHe  o\er- 
!ying  cells  that  only  after  remo\'al 
of  the  latter  can  the  supporting 
f.  lramework  be  satIslactori]y  demon- 

dI  noduie     strated.     The  redculum,  the  nature 
ol  which  is  stili  a  subject  of  discus- 
sion,  may  be  regarded  as  modified 
librous  connective  tissue,  upon  the 
trabcculae  of  which,  particularly  at 
the  points  ol  junction,  flattened  con- 
-Submucout        nective  tissue  cells  are  closely  applied 
'»V"*      as  a  more  or  less  complete  invest- 
mcnt.     In  certain  localities  where  of 
exceptional  delicacy,  the  reticulum 
may  lie  formed  almost  entirely  by 
X 110.  '''*'  anastomosing  processes  of  stellate 

connective-tissue  elements. 
issue,  exceedingly  numerous  and  closcly  packed. 
that  distinguish  the  lymphocytes,  being  small 
w    h        n  y  large  nitclei,  which  txhibit  a  strong  afRniiy  for  nuciear 

S  mp  e  lymph  nodules,  nf  varj-ing  si/.e  biit  seldom  more  than  2  mm.  in 

),  herical  or  elliptical  masses  of  lymphoid  tissue  in  which  a 

nclnses  and    blentis  with  a  c<)re  ol  less  compact  iexture. 

h  n       h    elore  lighter  central  area,  lymphoid  cells  in  various  stages 

n  quently  seen,  siich  foci,  kno\vn  as  germ-centres,  indicating 
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the  birthplaces  of  new  lymphocytes.     Althoiigh  the  limits  of  the  !ymph-nodules  are 
conimonly  imperfecilv  defined   by  a   condensation  of   the  surrounding  connective 
tissue,  a  distinct  capstile  is  Ui>ually  uantin^. 
Definite  lyinph-channels  are  found  neither  Fig.  7S.S. 

upon   the  surface    nor  wilhin    the   simple  

nodules  ;  the  latter  are  provided,  however, 
with  a  gencroiis  net'Work  of  capillary 
blood-vessels  (Fig.  793). 

Intermediate  in  their  complexity  of 
airangement.  between  the  simple  nodules 
on  the  one  hand  and  the  typical  Ivmph- 
nodes  on  the  olher,  stand  such  structures 
as  Peyer's  patches  and  the  faiicial  and 
pharyngeal  tonsils,  in  uhich  groups  of 
simple  nodules  are  blended  iiito  a  single 
organ,  the  component  foUicIes  only  partly 
retaining  their  individiiality. 

The  lymph-nodcs  interposed  along 
the  lymphatic  vessels,  usually  embedded 
within  fatty  tissue.  represent  stili  higher 
differentiation  as  distinct  organs.  In  form 
and  size  they  vary  from  minute  bodies 
resembling  inillel-seeds  to  flattened  o\'al  or 
bean-shaped  organs,  that  may  measure  almost  an  inch  in  their  longest  diameter. 
They  are  invested  by  a  distinct  fibrous  capsule.  in  which  elastic  fibres  constantly  and 
unstriped  muscle  occasionally  are  present.  From  the  deeper  surface  oE  this  envelope 
numerous  radially  directed  trabecul*  penetrate  the  oiiter  zone,  or  corte.v.  which  is 
ihus  subdivided  into  a  series  of  pyramidal  com pari  111  cnts.  On  reaching  the  inner 
limits  ol  the  cortical  zone,  the  trabecula;  are  less  regularly  dlsposed  and  more  freely 
united,  thereby  breaking  up  the  deeper  parts,  or  mcdulla,  «f  the  node  into  uncertain 
cylindrical  compartments.     The  spaces  thus  imperfectly  dclined  by  the  trabeculs  are 


inconipktflv  ftlled    by  riias.s 


containei 


llfd  by  niassi-s  of  conipact  Ivmphnid  tissue,  the  general  form  and 
nit-nt  of  which  corresponH  tu  the  compartments  in  which  thev  lic.  The  ma.sses 
L-d    ttithin   the   peripheral   spjices  are  sphcrical    or   pyrif{)rm  and  constitute 
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the  corlical  no4uUs ;  those  within  the  communicating 
net-work  of  irregular  cylinder3,  the  meduilary  cords,  v. 


or  less  pronounced  mdentation 
oppoiite  the  en  t  ranče  of  tht 
ailerent  Ijmph  \essels 

The  lymph-sinuscs,  there- 
fore,  are  bounded  on  one  side 
by  the  capsule  or  ihe  trabeculie 
and  on  ihe  other  by  the  masses 
of  dense  lyniphoid  tissue.  The 
lumen  of  these  channels,  however, 
is  not  free,  but  occupied  by  a 
delicate  wide-nieshed  reticulum 
consistin^  nf  line  slrands  of 
connective  tissue  where  most 
marked,  or  of  the  processes  of 
stellate  cells  »here  verj-  delicate 
{  Ebner).  The  sinuses  are  lined 
by  an  imperfect  layer  of  flattened 
piate-like  cells,  that  represent 
the  endothelium  of  the  adjoininjj 
lyniphatic  vessels  and  also  co\'er 
the  more  nibust  trabeculae  cross- 
ing  the  channds.  The  reticulum 
occupyinf;  the  sinuses  is  coniinu- 
ous  with  the  closer  and  more 
delicate  nt-t-w<jrk  u  ithin  the  adja- 
cent  dense  lymphoid  tissue. 
Ahhough  lioth  the  afferent  and 
efferent  Ivmphaiics  are  provided 
with  val\es,  the  I yniph- channels 


central  compartments  form  a 

hich  are  continuous  with  one 

another  and  with  the  deeper 

part  of  the  cortical  nodules 

(Fig   789) 

The  inter\als  betveen 
the  tracts  of  iMnphoid 
tissue  and  the  tral>ecular 
frame  uork  constitute  a 
S)stem  of  freely  mtercom 
municatmg  channels  the 
l^mph  smnses  through 
w  hich  passes  the  h  mph 
brought  to  the  node  bj  the 
afierent  lymphatic  \essels 
The  latter  pierce  the  capsule 
fn  the  Lon\ex  surface  of 
the  node  and  enipt\  mto 
the  sinuses  that  surroiind 
theouterandlaterulsurfaces 
of  the  cortical  nodules 
After  traversmg  the  penph 
eral  smuses  the  Ivtnph 
passes  into  the  irregular 
channels  of  the  medulla 
and  touards  the  point  at 
which  the  efferent  K  mph 
vessels  lca^  e  the  nodule 
The  position  of  this  exit  is 
usual]y  indicated  by  a  more 
on  the  surface  of  the  node 


THE   LVMPHATIC   SVSTEM. 


939 


withtn  the  node  are  destitute  of  such  folds.  The  pasaage  ol  ihe  lyinph  through  the 
nodes  is  retarded  by  the  reticulum  within  the  sinuses,  ihus  favoring  the  entrance  of 
ihe  young  lymphocytes  from  the  surrounding  lyn)phoid  tissue  ioio  the  sluggishly 
circulating  fluid.  Genu -cen  t  res,  the  particular  foci  for  the  produclioti  of  the  lympho- 
cytes,  usu3lly  are  present  uithin  the  cortical  nodules,  but  are  not  (ound  within 
inedullary  cords. 

The  blood-vessels  for  the  nutrition  of  the  lyinph-nodes are  numerous.  Entering 
at  the  hilum,  they  divide  into  arterioles  which  follo»  the  irabecula-,  giving  off  sraaller 
branches   that    pene- 

ra         h      m  d  il 

od   an  1   h 
nodules   nd  b 


of     h     d 
pho  d     ssu 

Bo  h  medull 
and     n  n  medull 
ne  ves       n 
node        1     h  lu 
con  p  n 

blood    essel        Th 
a  h   f]y      J  np 

h        fib  es  des  n  d 
fo       h       n     lunta 
mu    1      f    h 
and  of   the   capsule, 

The  distribution  of  the  c™-«c.k«,  o,  .™ii  .„nph.nod,._m,«.«.  .o  *n<,w  ,.cn  v.«uu.r 

medullated    fibres    is 

uncertain.     According  to  Tonkofi,  f^brillfe  are  traceable  into  the  Ivmphatic  tissue  of 

the  medulia. 

Development. — The  origin  of  the  firet  lympkcells,  the  !ymphncytes,  is  uncer- 
tain, these  elements  appearing  out^ide  the  vessels  as  derivatives  from  the  mesoblast 
(page  688).  Afler  tlie  establishment  of  the  lymphoid  tissue  new  cells  are  continually 
being  formed  within  the  various  lymph-nodes  and  nodules. 

The  development  of  the  lymphatic  vessels  has  generallv  been  tielieved  to 
proceed  from  the  veins  by  a  proccss  of  budding  (Ranvier),  similar  to  that  fol!owed 
in  the  exlension  of  the  blood-vessels;  and  certain  recent  investigators, — Sabin,' 
who  studied  the  de^'elopment  of  the  tymphatics  in  pig  embrvos,  and  F.  T.  Lewis,' 
uho  worked  with  rabbit  embryos, — uhile  diflering  as  to  delalls  of  the  development 
of  the  definitive  lymphatic  stems.  agree  as  regards  their  origin  in  this  manner. 

Sabin,  by  employing  a  niethod  of  injection,  found  that  the  first  traces  of  a 
lymphatic  systeni  appear  in  pig  embryos,  14.5  mm.  in  length,  as  two  small  out- 
growths,  »hich  develop.  one  on  each  side.  at  the  jimction  of  the  subciavian  and 
jugular  veins  ;  from  these,  by  a  process  of  endothelial  budding,  vessels  gradually 
grow  towards  the  skin,  r.idialing  and  anastomosing  in  aH  directions  to  form  a 
subcutaneous  net-tt'ork.  which  gradually  e.ttends  throughout  the  anterior  half  of  the 
body.  Later  two  additional  outgTOwths  develop  at  the  junction  of  the  femoral  and 
post-cardinal  vtins.  and  give  rise  to  a  subcuianeous  net-work  throughout  the  posterior 
half  of  the  fx)dy,  the  two  sets  of  net-works  thus  formed  eventually  uniting. 

Lowis's  slutiies  of  serial  sections  of  rabbit  embryos  gave  somewhat  difierent 
results  and  indicated  that  Sabin's  method  of  study  did  not  sufiice  to  reveal  the  actual 
origin  oE  the  Ivmphatios.  He  found  the  fir^  of  these  vessels  alnng  the  course  of  the 
intemal  jugiihir  viin  as  a  series  i>f  spaces,  each  of  which  he  supposed  to  represent  an 
independent  <iuinrowth  from  the  vein.  These  spaces  cvenluallv  fused  to  form  a 
singic  lymph-channfl  acconi|wnying  each  vein,  and  other  channels  were  found  to 
ariee  in  a  similar  manner  in  connection  with  the  subcardinal,  mesenteric,  and  azygo3 

'  Amer.  Jour.  nf  Anatomv.  vol.  i.,  1901, 
'  Amer.  jour.  of  Anatuniy,  vol.  v.,  1905. 
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veins.  The  various  channels  finaUy  unite  to  form  a  continuous  systein  which  acquires 
new  openingTi  with  the  venous  system  near  the  tefmination  of  the  subclavian  veins, 
the  condition  found  in  the  adult  being  thus  established. 

More  recently  Huntington  and  McClure,'  worktng  with  cat  embryos,  have  also 
found  the  earliest  Iraces  of  the  lymphatic  system  in  a  series  ol  spaces  which  appear  in 
the  tissue  surrounding  the  intima  of  ihe  anterior  cardinal  veins,  but  they  found  that 
these  spaces  have  at  first  no  connection  with  ihe  veins,  nor  are  they  outgro»ths 
from  them.  The  anterior  cardinal  vein  of  each  side  is  carly  divided  longitudina]ly 
into  two  pordons  by  the  passage  through  it  of  the  cervical  nerves,  and  the  dorso- 

lateral  portion   of  the  tein  Uter 
Fig.  793.  undergoes      retrogression,      the 

~  ventro-medial  portion  pereisting 

as  the  internal  jugular.  As  the 
dorso-lateral  portion  shrinks,  the 
lymphatic  spaces  aJong  it5  coune 
rapidly  eniarge,  fuse  together, 
and  form  a  lai^e  lymphatic  stem, 
which  subsequently  makes  con- 
nection with  the  subclavian  vein, 
and  thus  forms  the  primarj- 
lymphatic  tnink  of  the  body 
(Fig.  793)- 

I^ater,  spaces  develop  along 
the  course  of  the  anterior  cardinal 
veins  below  the  point  where  the 
subclavians  open  into  them,  but 
it  is  noticeable  that  those  occur- 
ring  in  association  with  the  left 
vein,  which  undei^oes  retrogres- 
sion, develop  more  rapidly  than 
those  accompanying  the  same 
portion  of  Ihe  right  vein  and  form 
i\k  ihoracic  dud  (Fig.  794),  this 
structure  thus  belonging  essen- 
lially  to  the  left  half  of  the  body, 
since  the  principal  persistent  veins 
occur  on  the  right  sidc.  Similar 
spaces  appear  in  the  peH-intimal 
tissue  of  other  veins,  and  in  ali 
cases  those  associated  with  retro- 

^., _. _. ^ ,      gressive  veins  are  the  most  rapidly 

developed.  While  most  of  the 
principal  lymphatic  trunks  unite  »ith  the  ihoracic  duct,  yet  they  may  also  form 
temporary  or  even  permanent  Communications  with  olher  veins  than  the  subclavian, 
certain  ol  the  aduh  anomalies  being  results  of  thcse  connections. 

From  these  observations  it  secnis  that  the  lymphatics  arise  from  spaces  which 
are  primarily  indcpendent  of,  although  associated  with,  the  veins,  and  that.  while  this 
mode  of  origin  of  the  lymphatics  applies  to  those  following  the  primitive  sysiemic 
veins,  vet  the  more  pcripheral  pi)rtions  of  the  system  are  developed  by  a  process  of 
budding  from  the  main  stems.  just  as  is  the  c.tse  with  the  smaller  bmnches  of  the 
blooii-vcssels.  By  this  budding  process  the  systcm  graduallv  e.xtends  throughoui  ihe 
b<Kly,  iuvading  the  \arions  tissues,  the  invasioii,  however,  failing  to  affect  cenain  6i 
the  tissurs,  such  as  cartilage  ami  \\iv  central  ncrvous  s>'stfm, 

Thf  devi-lopment  of  the  Iymph-node8  has  becn  recenllv  sludied  by  Khng*  and 

by  Sid>iii.'     Accdrding  ti)  the  lattfr  investigator,  the  Ivmph-nodes  may  be  regarded 

as  (ornittl  by  l\vo  fu  ti  dame  11 1  al  [Kirls — the  Ivmphoid  ckmenl,  consisting  of  Ivmpho- 

cytes  in  a  reticnhnii  snrrnuiiding  the  tt-rniiiial  arU-rv  and  its  capillaries  uithin  the 

'  Amcr.  Jiiur.  cif  .Anatoniv,  vol.  vi.,  1907.        '  Arcliiv  f.  niikros.  Anai.,  Bd.  63,  1904. 

'  AmtT.  Jour.  of  A[ialomy.  viil.  v..  1905.  •  AniLT.  Jour.  of  Anatomy,  vol.  v.,  1^5. 
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cords  and  germ-centres  respectivelv,  and  the  sinus-elemenl,  reprcscnted  by  channels 

resultinjr  [rom  the  multiplication  of  the  lymph-vessels.     The  former.  or  vascular  factor, 

13  constant  and  present  in  the  simplest  nodule  :  the  sinus-element,  on  the  ccmtrarv, 

varies,  sometimes  (as  in  the  usual  tvpe  of  node)  beinjj  developed  froni  nunibers 

of  closely  packed  lyniph-ducts 

and,   therefore,   of  ivtnphatic 

origin,  and  at  other  times  (as 

in    the     hemolvniph     nodes) 

being  \enous  channels  occu- 

pied  by  blood.     By  the  sub- 

sequcnt    intergrowth    of    the 

lymphoid    element    and     the 

grcatly     multiplied      lymph- 

capillaries,     the     intervening 

bridges  of    conneciive  tissue 

are  reduced  in  thickness  until 

fina]ly     only     the     reticulum 

remains    and    ihe    lymphoid 

tissue    is   ullimately   brought 

into     intimate    relation    with 

the    surrounding    sinus.       In 

certain  nodes  ihe  sinus  retains 

its  character  as  a  direct  out- 

growth    from    the    veins    and 

becomes  filled  »it h  ervlhro- 

cytes.     Such  nodca  assume  the 

peculiarities     of     hemolvmph 

nodes,    in   which    the  blood- 

sin  ušes    replace     those     tfiat 

convey    lymph.        As    Sabin 

fias    emphasized,    the   follicle 

is   the  anatomical    as  well  as 

the  vascular  unit,  the  siin]>lest 

nodule  consisting  of  a  single 

follicle.      The    latter    mav  be 

without  a  sinus,  or  surrounded 

by  one  which  is  either  a  lyni- 

phatic  or  a  vcnous  cliannel. 


In  describing  the  various 
1ymphatic  vessels  and  nodes  il 
will  be  convenient  to  consider 
first  the  griat  itrmijial  tnmks 
of  the  svstom,  th<.>  tlioracic 
and  right  Ivniphatic  »hicts. 
and  tbon  discuss  the  rcitiaiuiiig 
portions  of  the  systi-in  froni 
the  toponraphiial  stamipnint.  Attentinn  will  f>e  directed  primarilv  t<i  the  nodes 
of  each  ret,'inii.  the  li-ursf  nf  the  lymph-paths  froni  cach  org-.in  and  iheir  relations 
to  the  n'Kks  W-\\y^  sulisii|ucnily  considered. 

TUR  THORACIC  DICT. 

Thf  tliorai-ii-  duri  i  iluctus  thiiracicits)  (Fig.  795)  i'xtei 

of  the  seconii  liiinl>ar  vonelira.  thri)uj;h  the  enlire  Icngtb  1 

the  left  suliclivian  vi-m  do.-ie  tu  tlio  |H.int  wh<-re  il  is  j. 

jugular.      Its  iMiire  lL-ni;th  is  from  4.;-4''>  cm.  (  [7-1S  in.  '. 

■  Aint-T.  Jiiur.  of  Aiialoniv.  viil.  v.,  19C 


id^  from  ihe  loM-er  lx>rder 

f  the  thont.\,  tu  open  into 

imd    by  the  kfl  internal 

The  duet  ties  at  first  in 
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front  of  the  first  and  second  lumbar  vertebrx,  and  passes  upward  through  the  aonic 
opening  of  the  diaphragm.     In  the  thorax  its  course,  although  slightl/  sinuous,  in 


KillM  lumbar  1; 


general  is  at  first  aliiiost  directly  upward,  a  little  to  the  right  of  the  median  line  ol 
the  bodies  of  the  thoracic  vertebne ;  at  the  level  of  from  the  sixth  to  the  fbuitb 
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vertebrae,  however,  it  begins  to  incline  slightly  towards  the  left,  and,  finally,  at  about 
the  lower  border  of  the  seventh  cervical  vertebra  it  changes  its  direction  somewhat 
abruptly,  passing  upward,  forward  and  to  the  left,  and  then  downward  and  foniard, 
thus  forming  an  arch  whose  convexity  is  directed  upward  and  whose  extremity 
opens  into  the  subclavian  vein. 

The  thoracic  duct  is  formed  by  the  union  of  the  right  and  left  lumbar  trunks 
(tninci  lumbales)  which  drain  the  lumbar  nodes.  The  left  trunk,  shortly  before  its 
union  with  the  right,  is  usually  joined  by  an  unpaired  intestinal  trunk  (tniocus  intes- 
tinalis)  that  drains  the  coeliac  and  mesenteric  nodes.  J  ust  above  its  commencement 
the  thoracic  duct  usually,  although  not  always,  presents  a  pyriform  enlargement,  the 
receptaculum  chyli  (cisterna  ch}ii),  which  extends  up\vard  as  far  as  the  Icvcl  of 
the  eleventh  thoracic  vertebra,  and  measures  from  5-7.5  cm.  (2-3  in.  )  in  length  and 
from  6-8  mm.  in  diameter.  Above  the  eleventh  thoracic  vertebra  the  duct  gradually 
diminishes  in  calibre  until  about  the  middle  of  its  course,  \vhere  it  again  enlarges. 
The  thoracic  duct  possesses  few  valves  in  comparison  with  other  lymphatic  vessels, 
those  which  do  occur  being  frequently  insufficient.  Its  entrance  into  the  subclavian 
vein,  however,  is  guarded  by  two  well-developed  leaflets,  which  prevent  the  passage 
of  blood  into  the  duct. 

Relations. — In  its  abdomina! portion  the  thoracic  duct  lies  almost  in  the  median 
line  in  front  of  the  bodies  of  the  first  two  lumbar  and  twelfth  thoracic  vertebrie,  and 
between  the  crura  of  the  diaphragm,  or  under  cover  of  the  right  cnis.  Anteriorly,  it 
is  in  relation  with  the  right  side  of  the  abdominal  aorta,  with  the  greater  azvgos  vein 
to  the  right. 

In  its  thoracic  portion  it  lies  at  first  within  the  posterior  mediastinum,  but 
above,  it  enters  the  superior  mediastinum.  In  the  former  it  lies  anterior  to  the 
bodies  of  the  eleventh  to  the  fifth  thoracic  vertebra*,  and  has  in  front  of  it,  from 
below  upward,  the  pericardium,  the  oesophagus,  and  the  arch  of  the  aorta.  The 
thoracic  aorta  lies  to  the  left  of  it,  and  to  the  right  are  the  right  pleura  and  the 
greater  azvgos  vein.  The  lower  right  intercostal  arteries  pass  between  it  and  the 
bodies  of  the  vertebr«,  as  does  also  the  terminal  portion  of  the  hemiazygos  vein. 
In  the  superior  mediastinum  it  rests  upon  the  lo\ver  part  of  the  left  longus  colli 
muscle,  being  separated  by  it  from  the  bodies  of  the  upper  three  thoracic  vertebrae. 
Anteriorly,  it  is  in  relation  with  the  origin  of  the  left  subclavian  artery  and  \vith  the 
vertebral  vein  ;  to  the  left  is  the  left  pleura  and  to  the  riglit  are  the  oesophagus  and 
the  left  recurrent  laryngeal  nerve. 

Its  arch  is  in  relation  below  with  the  af>ex  of  the  left  lung  and  with  the  left  sub- 
clavian arter\'  ;  to  the  left  and  posterior  to  it  is  the  vertebral  vein  and  to  the  right 
and  anteriorlv  are  the  left  common  carotid  arterv,  the  left  internal  jugular  vein,  and 
the  left  pneumogastric  nerve. 

Tributaries. — In  addition  to  the  right  and  left  lumbar  and  the  intestinal  trunks 
by  whose  union  it  is  formed,  the  thoracic  duct  receives  (m  either  side  (  i )  near  its 
origin,  a  desccndinir  trunk  \vhich  drains  the  [X)sterior  nodc»s  of  the  lower  six  or  seven 
intercostal  spacc^  :  (  2 )  an  ascendin^^  stcm  from  the  upper  lumbiir  nodes  which  trav- 
erses  the  crus  of  the  diaphragm  and  joins  the  duct  at  about  the  level  of  the  ninth  or 
tenth  thoracic  vertehne  ;  (3)  the  efferent  vessels  from  the  upper  posterior  intercostal 
nodes,  which  sometimes  unite  to  form  a  single  ascending  stem  opening  into  the  upper 
part  of  the  duct  ;  ( 4 )  the  efferent  vessels  of  the  posterior  mediastinai  nodes  :  (  5 )  the 
U/t  juffular  trunk  ;  and,  occasionallv,  (6)  the  le/t  subclavian  and  (7)  the  le/t  broncho- 
nudiastinal  trunks,  these  last  three  uniting  with  the  duct  j  ust  before  it  opens  into  the 
subclavian  vein. 

Variations. — The  thoracic  duct  is  subject  to  numerous  variations.  so  much  so  that 
certain  authors  havi-  re^ardtrd  as  tvpical  arranjjements  uhich  othcrs  have  considered  to  be 
abnonnal. 

Its  orij^in  is  fri<|iu'ntly  opposite  the  hodv  of  the  first  hinibar  vertebra  or  even 
opposite  the  last  thoracic  ;  and  rarelv  it  is  bi*low  the  louer  lx>rder  of  the  second  lumbar. 
Instead  of  W''m\^  lormed  by  the  union  of  onlv  t\vo  tninks,  three  are  frequently  found 
participating:  in  its  orij^in.  the  odd  one  being  the  intestinal  tmnk  uhich  usually  opens  into 
the  left  himbar  tnink.  Orrasionally  ali  three  trunks  are  represented  by  a  number  of  smaJler 
stems  which  anastoniose  with  oiu»  another  as  well  as  with  the  descending  stems  from  the 
posterior  intercostal  nodes,  the  plexus  so  formed  communicating  by  a  number  of  efferents 
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with  the  receptaculum  chyli.  It  must  be  remembered  that  embr>'ologically  what  are  usually 
termed  the  origins  of  the  thoracic  duct  are  in  rea!ity  its  prolongations,  that  is  to  say,  outgrouthis 
from  it,  so  that  possibilities  for  variation  in  these  stenis  are  abundant. 

In  another  resjK^ct  the  embryological  history  of  the  duct  probably  throws  light  upon  its 
anonialies.  In  the  rabbit  the  spaces  fomied  along  the  course  of  the  left  posterior  cardinal  vein 
frequently  unite  to  form  two  more  or  less  distinct,  parallel  slems,  which  together  represent  the 
thoracic  duct  (Fig.  794).  VVhether  this  condition  aiso  exists  in  man  is  unknown,  but  if  it  dues 
then  an  explanation  is  afTorded  for  one  of  the  most  frequent  anomalies  of  the  duct,  namelv.  its 
division  in  its  louer  part  into  two  parallel  stems  which  unite  again  after  a  longer  or  shorter  inde- 
pendent  course.  This  condition  is  so  frequent  that  it  has  l^en  regarded  as  typical  bv  siime 
authors  ;  usually  the  union  of  the  two  stems  occurs  at  about  the  level  of  the  seventh  thoracic 
vertebra,  but  occasionally  they  remain  separate  throughout  the  entire  length  of  the  ihonuc  and 
may  be  connected  by  transverse  anastomoses. 

Another  group  of  anomalies,  probably  having  a  quite  different  embr>'ological  basis,  includes 
cases  in  vvhich  there  are  either  two  distinct  thoracic  ducts,  or  else  a  single  one  which  branches 
in  its  upper  part,  one  of  the  tvvo  stems  in  either  čase  passing  to  the  left  subclavian  vein  and  the 
other  to  the  right.  This  condition  is  due  to  the  fact  that  the  lymphatic  system  is  symmetrical  in 
its  embr>'ological  origin,  a  trunk  arising  in  connection  with  the  right  azygos  vein  as  we!l  as  with 
the  left.  Ordinarily  the  left  trunk,  developing  more  rapidlv  than  the  right,  becomes  the  thoracic 
duct,  uhile  the  right  outgrovvth  remains  short  and  forms  the  right  ]ymphatic  duct  Conditions 
might  occur,  hovvever,  in  which  the  right  trunk  would  undergo  a  more  extensive  developnient 
and  either  unite  \vith  the  left  trunk  or  grow  downward  to  form  a  second  thoracic  duct,  thus 

{)roducing  the  conditions  under  discussion.  A  further  modification  along  the  same  line  wou!d 
ead  to  the  development  of  the  thoracic  duct  from  the  right  trunk,  the  left  giving  rise  on!y  to 
a  short  lymphatic  duct,  an  exact  reversal  of  the  normal  arrangement  being  thus  produced 
Several  .such  cases  have  l)een  recorded,  and  it  is  interesting  to  note  that  they  frcK|uently 
accompany  abnormalities  of  the  aortic  arch,  such  as  the  origin  of  the  right  sulKlavian  from  the 
descending  portion  ;  the  anomaly  also  occurs,  however,  independently  of  any  variation  in  the 
blood-vessels. 

Considerable  variation  exists  in  the  level  to  uhich  the  arch  of  the  thoracic  duct  rises  in  the 
neck,  and  it  is  stated  that  it  may  lie  anywhere  betueen  the  levels  of  the  fifth  cervica!  and  first 
thoracic  vertebrae. 

Likeuise.  variations  in  the  mode  of  termination  of  the  thoracic  duct  are  often  obser\ed. 
It  may  open  into  the  subclavian  vein  at  some  distance  from  the  junction  of  the  interna!  jugular, 
or,  occasionalK',  into  its  posterior  surface,  and  not  infrequently  it  divides  near  its  termination 
into  two  or  more  stems  (Fig.  795),  uhich  may  open  into  the  intemal  or  the  extema]  jugular 
or  into  the  azygos  or  vertebral  veins  as  well  as  into  the  subclavian.  The  connection  witn  the 
azygos  vein  is  probably  of  frequent  occurrence. 

Practical  Considerations. — The  thoracic  duct  may  be  obstruded  by  (d) 
aneurism  of  the  arch  of  the  aorta  ;  (b)  enlarged  mediastinal  nodes  ( tuberculous, 
lymphadenomatous,  or  carcinomatous )  ;  (r)  mediastinal  neoplasms^-especially  if  in 
the  anterior  mediastinum  ;  (</)  exophthalmic  goitre  (verv  rarely)  ;  (^)  thrombosis 
of  the  left  innoininate  vein  or  of  the  subclavian  at  its  junction  with  the  internal  jugular  ; 
(/*)  tricuspid  incompetence  (through  backward  pressure)  ;  {g)  cardiac  hyper- 
trophy  ;  (//)  dense  pancreatic  growths  (Agnew)  ;  (/)  thrombosis  (tuberculous)  of 
the  duct  itself ;  (7  )  filarial  disease  (obstruction  by  the  parent  uorms)  ;  (k^  cicatri- 
cjal  contraction  or  adhesion  involving  the  duct  ;  (/)  disease  (tuberculous,  carcino- 
matous) of  the  \valls  of  the  duct. 

The  duct  mav  be  injured  (a)  during  operations — as  for  growths  or  enlarged 
glands — or  by  štab  or  bullet  wounds  (usuallv  in  its  cervical  portion)  ;  or  (b)  by 
grave  trauma.  as  fracture  dislocation  of  the  spine  (usually  in  the  thoracic  or  abdomi- 
nal  portion),  or  violent  compression  of  the  thorax  :  or  (r)  by  muscular  ef!ort  or 
during  a  paroxysm  of  voniiting  (Busey),  or  uhooping-cough  (Wilhelm). 

Th(*  fact  liiat  the  duct  as  a  rule  extends  upward  but  little  if  at  ali  above  the 
Icvcl  of  the  jiniction  of  the  internal  jugular  and  subclavian  renders  operative  injur\*  of 
it  rare,  hut  as  it  occasionallv  is  found  higher,  and  may  even  extend  to  5.5  cm. 
(2*4  in.  )  ahove  the*  upper  iKirder  of  the  sternum,  its  possible  presence  and  its  rela 
tions  and  variations  (r/dr  s///>ra)  should  not  be  forgotten  during  extensive  operations 
at  the  base  of  the  ncck  on  tlir  left  side. 

The  rrsuits  of  obstruction  of  the  thoracic  duct  are  (a)  increased  pressure 
and  (lilatation  of  the  vesst-ls  bchind  the  obstruction;  (b)  the  establishmenl  of 
collateral  cirnilation  and  (.ntrancc  of  Ivmph  into  the  general  circulation;  or — ti 
surh  collatc-ral  circulation  is  not  established — ic)  leakage  by  transudation  into 
thi-  surrounding  tissues,  into  the  j^Kniral  cavitv  (rare).  or  into  the  peritoncal 
cavilv  ;  (»r  ^^  »  rupturc  of  llu-  duct  or  its  tributaries.     The  stomata of  the  thin-walled 
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iymphatic  vessels  offer  little  obstacle  to  free  transudation,  \vhich,  when  it  follows 
obstruction,  may  be  compared  to  the  hematemesis  seen  in  hepatic  cirrhosis  (Rolleston). 

The  symptonis  of  obstruction  are  neither  so  constant  nor  so  marked  as  they 
would  be  if  it  were  not  that  (a)  the  lymphatic  system  is  not,  like  the  veins,  a  series  of 
closed  vessels,  but  is  practically  continuous  with  the  interstices  of  the  tissues ;  and  that 
(d)  it  communicates  with  the  venous  system,  the  duct  itself  with  the  azygos  vein  in  the 
posterior  mediastinum,  and  the  smaller  lymphatics  with  venulcs  elsewhere — certainly, 
for  example,  in  the  inguinal  region,  and  probably  in  other  parts  of  the  body  (Leaf  ). 

The  effects  of  obstruction  are  most  often  noticeable  \vhen  the  interference  with 
the  f^ow  of  lymph  takes  plače  near  the  termination  of  the  duct  on  the  outer  side  of 
the  internal  jugular  vein,  near  its  junction  with  the  suMavian.  This  is  probably 
due  to  (a)  the  frequency  of  tumor  or  of  injury  in  this  situation  ;  (d)  the  consolida- 
tion  of  the  lymph-vessels  here  into  a  single  trunk  ;  ( r)  the  greater  difficulty  in  estab- 
lishing  a  compensatory  collateral  circulation  between  the  parts  of  the  duct  above  and 
below  the  obstruction  than  if  the  latter  were  lower  down  ( Rolleston). 

Chylou5  asciUs  may  be  due  either  to  obstruction  with  transudation  of  chyle 
from  dbtended  lacteals  into  the  peritoneal  cavity,  or  to  wound  or  rupture  of  the 
thoracic  duct,  or  of  the  larger  lymph- vessels,  or  of  varicose  lymph- vessels,  or  of 
lymphangiomata.  Chvious  pieura!  effusions  may  similarlv  result,  or  an  efhision  fol- 
lowing  wound  or  rupture  may  be  partly  thoracic  and  partly  abdominal,  as  in  a  čase 
in  which,  after  extreme  compression  of  the  chest,  death  followed  in  three  weeks,  and 
the  thoracic  duct  was  found  ruptured  where  it  traversed  the  hiatus  aorticus  (Bellamy). 

When  the  receptaculum  chyli  is  involved,  the  thoracic  duct  above  may  be  quite 
healthy,  and  lymph  may  pass  into  it  by  anastomotic  channels  and  no  chylous  ascites 
be  produced. 

Carcinoma  of  the  aortic  or  mesenteric  nodes  may  cause  enough  dilatation  of  the 
lymphatics  to  bring  about  chylous  ascites. 

THE  RIGHT  LVMPHATIC  DUCT. 

The  right  lymphatic  duct  (ductus  lyniphaticus  dcxtcr )  ( P^ig.  795)  opens  into  the 
right  subclavian  vein  and  is  a  very  short  stem,  rarelv  having  a  length  of  more  than 
from  10-12  mm.  It  is  formed  by  the  union  of  the  right  jugular  and  subclavian 
lymphatic  trunks,  the  right  broncho-mediastinai  trunk  rarely  contributing  to  its 
formation,  but  having  usually  an  independent  opening  into  the  subclavian  vein. 
Very  frequently  no  right  Ivmphatic  duct  exists,  the  jugular  and  subclavian  trunks, 
as  well  as  the  broncho-mediastinai,  opening  independently  into  the  vein. 

THE   LVMPHATICS   OF   THE   HEAD. 
The  Lvmph-Nodes. 

The  lymphatic  nodes  of  the  head  are  arranged  in  groups,  which,  for  the  most 
part,  are  situated  along  the  line  of  junction  of  the  head  and  neck  regions,  that  is  to 
say,  along  a  line  extending  from  the  cxternal  occipital  pn  )tiilxTance  to  the  temporo- 
mandibular  articulation  and  thence  along  the  rami  of  the  mandible.  A  few  small  nodes 
also  occur  upon  the  cheeks,  and  others  vvhich  lie  upon  the  surfaces  of  the  hyo-glossus 
and  genio-hyo-glossus  nuisdes  and  uiK)n  the  upper  part  of  the  posterior  surface  of 
the  pharynx  may  be  regarded  as  belonging  to  the  head  region.  Including  these, 
the  various  groups  recognizahle  in  the  region  are  { i )  the  occipital,  (2)  the  posterior 
auricular,  (3)  i\\Q  afitrrior  aiiricuiar,  (4)  X.\\q parotid,  (5)  the  sudmaxi//ary,  (6)  the 
submcntal,  (7)  \\\Kt  facial,  (»S)  the  /inj^ual,  and  (9)  the  rctropharyngeai ^o\x^s. 

The  occipital  nodes  (Ivmpho^landulae  occipitales )  are  from  one  to  three  in  num- 
ber  and  are  situatt*(l  at  the  liase  of  the  occipital  triangle,  immeiiiately  lateral  to  the 
border  of  the  trape/ius  muscle  and  resting  upon  the  up|)er  part  of  the  semispinalis 
capitis  (Fig.  796).  Their  affercnts  come  from  the  cKcipital  pc^rtion  of  the  scalp  and 
their  cffcrcnts  pass  to  the  upptrr  nodes  of  the  superior  deep  cer\'ical  group. 

The  posterior  auricular  or  mastoid  nodes  ( Ivmphoirlandtilae  auriculares 
posteriores )  are  usuallv  t\vo  in  numlx'r  and  are  of  small  size  ;  they  rest  upon  the 
mastoid  portion  of  the  insertion  of   the  sterno-cleido-mastoid    muscle  (Fig.   796). 
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Their  afferents  are  from  the  temporal  region  of  the  scalp,  from  the  posterior  siiriace 
o(  the  pinna  and  of  the  external  auctitory  meatus.  Their  effercnts  pass  to  the  iipper 
nodes  of  ihe  superior  deep  cer\'ical  group. 

The  anteriorauricular  nodes  (l3mphoglandulaeauricularcsantcriores)vary  from 
one  to  three  in  number  and  are  situated  immediatelv  in  front  of  the  tragus,  bentrath 
the  piirotid  fascia.  Their  afferails  cunie  Irom  the  anterior  surface  of  the  pinna  and 
of  the  external  :iuditory  mealus,  from  the  integument  of  the  temporal  region,  and 
from  the  outer  portions  of  the  cyehds.  Their  effercnts  pass  to  the  superior  deep 
cervical  nodes. 

The  parotid  nodes  ( 1yinphfl)!landulac  parotidcac)  are  situated  in  the  sulistance 
of    the    parolid    gland    ( Figs.    796,    801  J,      Tliey   are    quite    numerous   and    varv 

greatly   in  size.      They 
Fig.  796.  receive    afferents     (rom 

the  same  rcgions  as  the 
anterior  auricular  nodes. 
and  the  Iower  nodes  of 
the  group  also  receive 
stems  from  the  soft 
palate.  Their  tfferents 
pass  to  the  superior 
deep  cervical  nodes, 

The  8ubinaxillary 
nodeB  ( lymphoKlandulac 
subinaKillares)  are  from 
three  to  eight  or  more 
in    number,    forming    a 
chain    along    the    ]ower 
bordcr  of  the  horizontal 
ramus  of  the  mandiblc, 
as    far   for»-ard    as    the 
attachment  of  the  ante- 
rior belly  of  the  dijjastric 
muscie  (Fig.  796).    One 
node  which  rests  upon 
the     facial     artery    )ust 
l)efore  it  passes  over  the 
ramus  of  the  mandibte  is 
larger  than  the  rest.  and 
this.   together  with  lwo 
others.  which  are  some- 
»hat  smaller  and  lie  one 
on    either    side    of    the 
larger     node,     are     the 
most  constant  represen- 
tatives  of  the  group.  the 
remaining  nodes   being 
U5ually  stili  smaller  and 
ing  both  in  number  and  position.      Ocoasionallv  a  small  node  occurs  imbedded 
he  Bul>stain-e  of  the  siihma\illary  gland.      These   nodes   receive,  as  afferenfs. 
els  from  the  submcntal   and   facial  nodes  and  also  directlv  from  ihe  ternti)r\- 
the  np[)er  lip,  the  outer  siirface  of  the  noše  and  the 
iS  of   the  evelids.   from  the  louer  lip,   the  giims  of 
ur  part  of  the  tongue.     "^if^r' efferents  descend  ujKin 
ulanit  to  open  into  the  superior  deep  cervical  nock-s. 
the  nei>;hl>orhood  of  the  bifurcation  of  ihe  C 


drained  by  the  la 
cheek,  from  tlie 
lnith  j.iH's,  and  fn 

the  surface  "f  tbc- 
esp(-ci:iHy  into  tln> 


■  portioT 


lated  I 


lil 


submcntal  nodes  are  tvvo  or  somctimes  three  in  nnmber,  and  are  situated 
triaii^jiil.ir  space  includeii  l«-t«etti  the  anterior  bellies  of  the  two  djgastric 
i,  eacil  <)f  thi-  t\vo  princi|>:il  ncKles  resting  upon  the  inner  bordcr  of  one  nf  the 
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muscies  (Figs.  796,  797).  They  receive  afferenis  from  the  inlegiiment  of  the  chin, 
from  the  lower  lip,  and  from  the  floor  of  the  mouth  ;  their  efferetils  p;iss  partly  to  the 
submaxillary  nodes  and 

partly  to  a  node  of  the  *^'<^-  ^W- 

superinr  deep  cervical 
group  situatcd  on  the 
internal  jugular  vein  a 
little  above  ihe  itvel  al 
which  it  is  crossed  by 
the  omo-hyoid  muscie. 
The  facial  nodes 
(Ivmphoglandulac  facialcs 
profunda«)  consist  of  scv- 
eral  small  groups  (Fig. 
798).  One  of  these  is 
composed  of  two  or  three 
nodes  situated  upon  the 
outer  surface  of  the 
horizontal  ramus  of  the 
mandible.  in  front  of 
the  anterior  border  of 
the  masseter  miiscle  ; 
these  may  be  termed 
the  mandibular  nodes. 
A  second  group  is  to  be 
found  resting  upon  the 
surface  of  the  buccinator 
muscie,  and  its  nodes  are 
or  four  in  nnmber  and 


or  posti 


thercfore  termed  ihe  buccinator  nodes.      Thev  are  three 
situated  in  the  interval  between  ihe  facial  vein  and  artery, 

of  the  mouth  and  either  beneath 
or  slightlv  below  the 
zvgomaticus  major.  A 
third  group  is  formed  by 
the  maxinary  nodes, 
ivhich  are  somewhat 
scattercd,  one  or  two 
occurring  in  the  groove 
formed  by  the  junction  of 

"•"  the  noscand  cheek,  while 
another    rests    upon    the 

,1.  m.lur      nialar  bone  near  the  lower 

""■•        border  of  the  orbit.   These 

maxillary  nodes  are  nor- 

,  oojj  mallv  quite  small  and  may 
readilv  be  overlooked. 

The  afferenis  for  the 

"  varioiis    groups    of    facial 

nodes    take    iheir    origin 
in   the  upjjer   lip,    in    the 

membrane    of    thi.'    noše 

i-a,i.iMvmr.hnoii«.    iT'rit't'i.ii  and  chcuk.  and  probably 

also   in   the  eyelids,    the 

conjunciiva,  and  tlie  lachrvmal  gland.    Their  efferents  pass  to  the  submaxillary  nodes. 

The  lingual  nodes  |lvni{ihOi>landulac  tineualcs)  are  a  nnmber  of  small  enlarge- 

mcnts  situated  upon  the  vessels  which  drain  the  lymphatic  capillaries  of  the  tongue. 

They  do  mit  possess  any  vcry  dcfinite  grouping  and  are  to  be  found   upon  both 

•  Archiv  (.  .\nat.  u.  Phj-siol.,  1S9.S. 
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surfaces  of  the  hyo-glossus  muscle  and  in  the  interval  between  ihe  two  genio-hj-o- 
glossi.  From  the  surgical  standpoint  they  are  of  co  m  parati  vel  y  little  importance, 
and  have  been  termed  "  intercalated  nodes,"  to  distinguish  them  from  the  trne 
terminal  nodes  of  the  hngual  ]ymphatics  (page  954),  in  which  eniargement  occure  io 

cases  of  cancerous  or 
Fic.  799.  other  infection  of  the 

longue. 

The  retro-phar- 

yngeal  nodes  are  for 

the    most    pa  rt    small, 

appearing  as  slighl  en- 

largements  of  the  Ivm- 

phatics  which  drain  the 

posterior  surface  of  the 

pharynx.     In  addition 

"     to  these  "intercalated 

nodes,"  however.  one 

or    two    much    larger 

nodes  occur  at  the  junc- 

tion  of  the  lateral  and 

posterior    surfaces     of 

the  pharynx,  about  on 

a  le\el  with  the  anterior 

arch  of  the  atlas.   They 

are   imbedded    in   the 

bucco-pharyngeal    fas- 

Keitopnat>nKr»i  ivmpn-nonM.    ,n/oK,-i  cia  and  rest  upon  the 

lateral  portions  of  the 

rectus  capitis  antična  major.      Affercnts  come  to  them  from  the  upper  part  of  the 

pharynx  and  from  the  mucous  membrane  of  the  nosc,  and  their  efferents  pass  to  tfie 

upper  deep  cervical  nodes  (Fig.  799). 

The  Lvmphatic  Vessels. 

The  Scalp. — The  lymphatics  of  the  scalp  form  a  rich  net-«ork,  which  is  espe- 
cially  dense  in  the  neighborhood  of  the  vertex,  the  meshes  becoming  more  elongated 
as  tlie  vessels  pass  away  from  the  median  line.  From  the  frontal  region  some  ten  to 
twelve  vessels  pass  downward  and  backward  to  terminale  in  the  parotid  nodes  ;  from 
the  parietal  and  temjjoral  regions  from  si.x  to  ten  vessels  pass  downward,  some  in 
front  of  the  e.xternal  auditory  meatiis  to  temiinate  in  the  anterior  auricular  and  paro- 
tid nodes,  and  some  hehind  the  mentiis  to  rcach  the  posterior  auricular  nodes  ;  and 
from  the  occipital  region  the  more  posterior  vessels  pass  downward.  partly  to  the 
occipital  and  partly  to  the  superior  deep  cer^'ical  nodes,  while  the  more  anterior  five  or 
six  convergc  to  form  a  single  large  tnmk  which  dcscends  along  the  posterior  border 
of  the  sterno-cleido-mastoiii  nuisclc  and  tcrminatea  in  the  inferior  deep  cer\ical  nodes. 

The  Brain  and  the  Meninges. — No  lymphatic  vessels  have  as  yei  been  cer- 
tainly  demonstrated  either  in  the  central  nervous  system  or  in  the  meninges,  atthough 
they  have  been  descril>cd  as  accom|)anying  the  niiddlc  meningeal  artery  in  the  dura 
mater  and  the  iniddie  corebml  arterv  in  the  pia  (Poirier).  L<ymph-spaces,  how- 
ever,  some  of  them  of  considerable  size,  are  abundantly  present.  <)f  these  there  may 
ho  mentioned,  first,  the  pcriefllular  sfiaccs  which  surrttund  the  individual  cells  of  the 
brain  and  spinal  cord,  lwth  the  actual  nerve-cells  and  the  neuroglia- cells,  those 
accompanviiig  the  laiter  extending  along  their  proccsses  to  communicate  with  an 
epicercbral  space  believt.tl  to  o.vist  betneen  the  surface  of  the  brain  and  the  pia  (His^. 
and  aiso  with  spaces  which  occur  alonj;  the  course  of  the  cerebral  blood -vessels.  Of 
this  seconii  group  nf  spaces,  the  fii-rh-aseular  spacrs,  two  sets  liave  lieen  dcscribed, 
one  iiccurring  in  the  adventitia  surroundinj;  the  vessels  and  the  other  betwecn  the 
adventilia  and  the  brain  substance,  and,  accom]»nying  the  hlood-vessels  into  the  pia, 

"  Archiv  f.  klin.  Cliirurgie,  Ud.  41,  1900, 
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they  communicate  with  the  subarachnoid  spaces.  The  ihird  group  ot  spacea  is 
formed  by  the  subdural  and  subarachnoid  spaces,  but  no  speciat  description  need  here 
be  given  of  these,  since  they  are  more  properly  described  (page  1197)  as  portions  of 
the  meninges  than  as  parts  of  the  lymphatic  syslem.  By  some  authors  an  epidural 
space,  situated  betweeii  the  dura  and  the  skuU,  is  also  recognized. 

Lymph-spaces  have  been  described  as  occurring  in  the  substance  of  both  the  dura 
and  the  pia,  forniing  in  the  lalter  a  rather  close  net-work  with  which  the  perivasciilar 
spaces  communicate.  The  spaces  of  both  membranes  communicate  with  the  subdural 
space,  and  those  of  the  dura  are  said  also  to  communicate  with  the  epidural  space. 

Practically  nothing  is  yet  known  concerning  the  lymphatics  of  the  spinal  cord. 

The  Eye  and  Orbit. — No  lymphatic  vessels  have  as  yet  been  described  as 
occurring  in  the  orbital  tissues,  nor  do  they  occur  in  the  eyeball.  Bul,  on  the  other 
hand,  numerous  lymph-spaces  occur  in  connection  with  ihe  latter  structurc,  one  of 
the  most  important  of  these  being  the  space  of  Tenon  (spatium  interfasciale),  with 
which  the  remaining  spaces  communicate  more  or  less  directly  (^'g-  J^oo).  A 
description  of  this  space  has  already  been  given  (page  504),  but  it  niay  be  recalled 
that,  in  the  tirst  plače,  the  space  is  continued,  by  means  of  the  supravaginal  lymph- 


path  surrounding  the  optic  nene,  along  the  latter  to  the  apex  of  the  orbit,  where 
It  communicates  wilh  the  subdurnl  s|iacc  of  the  cranium.  iiijection  of  that  space 
resulting  in  ihc-  injeclion  of  the  space  of  Tenon  (Schwa!be),  and,  secondlv,  that  the 
sheaths  of  the  anterior  portions  of  the  orbital  muscies  are  formed  by  reflt^ctions  of  the 
capsule  of  Tenon.  so  that  no  obstaclcs  e.tist  in  the  way  of  the  passage  of  lymph 
from  the  muscics  into  the  space. 

The  cavilies  occupied  by  tho  vitreous  and  aqueous  humars  havt-  also  l>et'n  re- 
garded  as  lymph-spaces.  and  pericellular  spaces  in  the  cornea,  which  como  into  rcla- 
tion  with  the  Ivmphatic  vessels  of  the  conjunctiva  at  the  corneal  margin.  are  readily 
demonstrable.  In  ihe  tissne  of  the  sclerotic  spaces  also  occur,  communicatinj;  on 
the  one  hand  with  the  space  of  Tenon  and  on  the  other  with  suprachoroid  spaces 
which  are  abundantlv  pri-sont  in  the  lamina  fusca  of  the  choroid  coat  and,  by  means 
of  spaces  accampanving  the  ven;e  vorticosif,  communicate  with  the  space  of  Tenon. 

!n  the  evelids.  conjunctiva,  and  lachrymal  appanuus  tnie  Ivmphatic  vessels  occur. 
In  the  ey(lidrf  ihrce  net-works  have  been  distinguished,  one  of  which  is  subcutaneous, 
thesecnnd  lies  immi-diatelv  extemal  to  the  tarsal  plate,  and  thethird  is subconjunctiva!. 
Communicating   branches   pass  between  adjacent   plexuses,  especially  between  the 
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subcutaneous  and  przetarsal  ones,  and  ali  threc  are  imited  al  the  palpebral  margins 
in  a  rather  fine!y  meshed  pli;xns.  Efferents  pass  both  toward  the  inner  and  the 
outer  angle  o(  the  orbit,  and  the  former  pass  down»ard,  obliquely  across  the  cheek, 
in  company  with  the  (acial  vein,  to  terminate  in  the  submaxillary  nodes,  possilj|y 
inakinfj;  connections  with  some  of  the  facial  nodes  on  their  way  (Fig.  798}.  The 
outer  ones  pass  partly  to  the  anterior  auricular  and  partly  to  the  uppcr  paroiid  nodes. 
In  the  conjunctiva  two  net-works  occur,  nne  siluated  in  the  superficial  and  the 
other  in  the  decper  layers  of  the  conjunctival  dermis.  Communicating  stems  pass 
belween  the  net-works,  which  are  much  finer  in  the  neighborhood  of  the  corneal 
margin  ihan  more  peripheraliy.  They  comc  into  relation  with  the  periccllular 
lymph-spaces  of  the  cornea,  and  their  efferents  puss  toward  the  outer  and  inner 
angles  of  the  orbit,  to  accompany  the  palpebral  efferents  to  the  5ubmaxillar}-. 
posterior  auricular,   and  parotid  nodes. 

Of  the  lymphatic  vesscis  of  the  lachrymal  gland  bul  little  is  known,  but  in  ma- 
lignant  diseases  of  the  gland  enlargement  of  some  of  the  facial  and  anterior  auricular 
nodes  has  been  observed,  nnd  it  is  probable  that  vessels  from  the  gland  acconipany 
the  palpebral  and  conjunctival  efferents.  The  lessels  (rom  the  nasal  duct  probablv 
partly  accompany  branches  of  the  facial  vein  to  the  facial  nodes,  while  those  from  its 
iower  portion  pass  with  the  efierents  from  the  nasal  mucous  membrane  to  the  retro- 
pharyngeal  and  superior  deep  cervical  nodes. 

The  Ear, — No  true  lyniphatics  have  yet  been  obser\'cd  in  the  tissues  of  the 
inUmal  ear,  but  the  space  which  intervencs  between  the  osseous  wall  of  the  ear 
cavity  and  the  menibranous  ear  has  been  regarded  as  a  lymph-space,  and  on  that 

account    has    been    termed    the 
K10.   801.  perilymphatic    space.       ll    com- 

municales  »ith  the  subdur^ 
space  of  the  cranium  by  the 
aqueductus  cochlese  and  by  the 
prolongations  of  it  which  accom- 
pany  the  ductus  endolymphaticus 
and  the  auditory  nerve. 

In  the  tniddle  ear  spaces 
ha\e  been  obser\ed  in  the  con- 
nective  tissue  lining  the  bon  v 
walls,  as  well  as  in  that  of  the 
tynipanic  membrane.  In  addi- 
tion  a  teebly  dcveloped  nel-vork 
hiLs  Ijeen  described  as  occurring 
beneath  Ihe  epithelium  lining  the 
inner  (tympanic)  surface  of  the 
tympanic  membrane,  efferents 
from  it  accompanying  the  tym- 
jianic  artery  and  terminatinj;^  in 
the  parotid  nodes, 

Much  more  extensively 
developed  are  the  lyinphatic 
vessels  of  the  fxtemal  rar. 
Heneath  the  epithelium  covering 
the  outer  ( meatal )  surface  of  the 
tyinpanic  membrane  there  is  a 
''"''''"'""  '""'*hlid.'T'?/'i*°.'('""'^ '  "  "'"     '"  verv  fine  net-work,  whose  effer- 

ents accom[iany  the  blood- vessels, 
radiating  toward  the  periphery  of  the  membrane,  and  evenlually  open  partly  into  the 
posterior  and  partlv  into  the  anterior  auricular  nodes.  A  net-work  also  occure 
thrnuj,'hoiit  the  i-ntire  extent  of  the  external  auditory  meatus,  its  efferents  having 
the  same  di-slination  as  thi>se  of  the  pinna. 

The  ves-Sfls  of  the  last  named  portion  of  the  ear  form  a  rich  net-work  extending 
thronghout  the  whole  extent  of  the  organ,  and  from  it  stems  pass  in  three  princtpal 
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directions  ;  it  must  be  recognized,  however.  ihat  this  classitication  ol  the  stems  into 
three  groups  does  not  imply  a  corresponding  division  of  tlie  net-work  into  distinčt 
areas,  since  there  is  a  conslderable  overlapping  of  llie  areas  drained  by  the  various 
stems,  and,  indeed,  stems  (rom  the  same  region  may  pass  in  some  cases  with  one  of 
the  group.  and  in  others  with  another.  From  the  ouler  (anterior)  surface  the 
stems  pass  mainly  to  the  anterior  auricular  nodes,  a  (ew  bending  backuard  over  the 
helix  and  terminating  in  the  posterior  auricular  nodes.  From  the  iipper  part  of  the 
posterior  suriace  (Fig.  Soij  the  stems  pass  inuinly  to  the  posterior  auricular  nodes, 
some,  however,  continuing  past  them  to  terminale  in  the  external  jugular  nodes. 
From  the  lo\ver  part  of  the  pinna,  including  the  lobule.  a  number  of  stems  pass  to 
the  parotid  nodes. 

The  Nasal  Region. — The  lymphatic  vessels  of  the  Integument  of  the  noše 
(Fig.  8o2)form  numerousanastomoseswith  those  of  the  mucous  membrane,  especial!y 
with  those  of  the  middie  and  inferior  meatuses,  and  those  of  the  one  sidc  of  the  noše 
are  also  continuous  with  those  of  the  other  side.  Some  of  the  vessels  which  drain 
the  upper  portion  of 

the  naskl  Integument  Fig.  Boj. 

pass  almost  directly 
backward  to  the 
parotid  nodes,  but 
the  principal  path, 
followed  by  vessels 
from  alt  parts  of  the 
nasal  integument. 
is  downwards  and 
backwards  across 
the  cheek,  in  com- 
pany  with  the  facial 
blood  -  vessels.  In 
their  course  some  of 
them  traverse  some  ^"^ 
of  the  facial  nodes. 
which  appear  as  if 
intercalated  in  their 
course.  but  the  ma- 
jority  pass  dircctly 
to  the  submaxillary 
nodes. 

A  rich  1  y  m- 
phatic  nel-work  Ites 
beneath  the  mucous 
membrane     of     the 

nasal  ca\'ities,  and  from  it  vessels  pass  in  two  directions.  Those  of  the  anterior  and 
lower  |)ortions  of  the  fossie  pjiss  lorward  and,  partly  at  the  external  nares  and  partly  by 
passing  betneen  the  niisal  bones  and  the  cartilages.  communicale  with  the  sujierficial 
nasal  Iyiiiphatics.  The  maiority  of  the  vessels,  howevcr.  Uike  a  backward  course. 
terminating  in  different  node  groups.  Some  join  the  vessels  draining  the  palate  and 
tonsils  to  pass  tu  the  superior  deep  cervical  nodes  and  espccially  to  that  one  which  is 
situatcd  in  the  angle  formed  by  the  imion  of  the  facial  and  internal  jugular  \eins. 
while  the  resi  imite  to  fnnn  from  two  to  four  stems  which  p;»ss  over  the  latcral  surface 
of  the  pharyn.\  and  tiTminate  in  the  retrnpharyngeal  nodes. 

The  hniphatics  c)f  the  sinuscs  which  open  into  the  nasal  cavities  f(>llow,  in  part 
at  ieast.  the  same  courses  as  those  of  the  nasal  mucous  membrane,  their  principal 
termination  ln-ing  in  the  larger  retropharyngeal  nodes. 

The  Cheeks,  Lips,  Gums,  and  Teeth. — The  Ivmphatics  (rom  the  more 
posterior  portii>ns  ni  the  cheeks  eniply  inlo  the  j>arotid  n(xles  ;  those  from  the 
more  anterinr  portions  pass  to  ihe  submaxillary  nodes,  and  the  deeper  ones 
communicale  with  the  facial  nodes. 

•  Heitrane  f.  klin.  Chirurgie.  Bd.  xxv..  1899. 
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The  vessels  from  the  submucous  tissues  of  thu  lips  pass  mainly  to  the  submaxil- 
liry  nodes,  ttto  or  three  stems  passiiig  from  the  lower  lip  and  one  or  two  from  the 
upper.  Those  of  the  loiver  lip  pass  downward  and  outward  touard  the  facial  iirtery 
and  follow  its  course  into  the  submaxillary  region,  white  those  from  the  upper  lip  are 
directed  at  lirst  almost  horizontally  outward  toward  the  facial  \'ein,  whose  course 
they  follow  tou*ard  their  terniination.  No  anastoraoses  occur  between  the  submucous 
vessels  of  the  two  sides  in  either  lip. 

The  subcutaneous  vessels  of  the  upper  lip  (Fig.  803)  have  a  course  similar  to 
that  oi  the  corresponding  submucous  stems,  with  which  lhey  may  unite,  and  the>- 
terminate  principally  in  the  submaxillary  nodes,  although  communication  may  also  be 
madc  with  one  of  the  lo\ver  parotid  nodes.  The  subcutaneous  vessels  of  the  iower  lip 
are  from  two  to  tour  in  number,  and  pass  principall/  to  the  submental  nodes,  from  which 

eflercnts  pass  to  the  siib- 
Fio.  803.  maxiilary     and     superior 

deep  cervical  nodes.  A 
noteworthy  peculiarity  ol 
these  lower  lip  vessels, 
which  is  in  niarked  con- 
trast  wilh  what  obtains  in 
the  submucous  stems,  is 
that  those  of  the  right 
and  left  halves  of  the  lip 
anastomose,  so  that  an 
injection  may  pass  from 
the  vessels  of  the  right 
ha!f  into  the  left  sub- 
mental and  submaxillary 
nodes. 

The  lymphatics  ol 
the  low€r  gums  form  a 
\ery  rich  net-work  from 
which  from  fourteen  10 
sfvcnteen  stems  arise. 
Tliese  emptyinto  a  single 
large  coUecting  slem  on 
either  side,  which  passes 
oul^\ard  over  the  outer 
surface  of  the  mandible 
and,  opposite  the  last 
molar  tooth,  dips  do»n- 
ward  to  terminale  in 
s«bcui..,«>u,  ivmph.ij«^f^ij[»  and^u,«ri«  d«i.  c*rvici>i  i.o<i«.        j,,^   subma.xillary    nodes. 

Whether  or  not  the  pulp 
of  the  teeth  contains  lymphaiic  capillaries  is  a  dispiited  que3tion.  Ali  attempts  to 
inject  theni  ha\e  failed,  biit  it  has  becn  maintaincd  that  their  e.xistence  has  been 
demonstrated  by  histological  methods.  Knlargement  of  the  subniaxillary  nodes  has 
been  observed  to  follow  dental  lesii>ns,  biit  tliis  may  l>c  due  to  the  involvement  ol  the 
tissues  of  the  pums  rathcr  than  lu  that  of  the  tooih  pulp. 

The  Tongue. — The  Ivmphatics  of  the  tongue  (Fig.  »04')  are  divisible  into  two 
groups  accurding  as  they  arise  in  the  submucous  tissue  or  in  the  musculature.  The 
subniuriius  vt-ssels  take  their  origiii  from  an  exceedingly  rich  net-\vork  which  extends 
thniughnut  the  entire  surface  of  the  tongue.  It  \f.  especially  close  toward  ihe  tip, 
the  meshcs  beconiinij;  larger  pnstericirlv,  and  that  iH>riion  of  it  \vhich  lies  posterior  10 
the  circunivallate  |Ki]iili;e  is  imlependent  of  that  of  the  more  anterior  portions  of  the 
tongue.  The  vessels  of  the  niuscular  portion  o\  the  organ  are  much  less  e.xtensively 
develcipi-d  and  the  effereiit  sienis  uhidi  jiass  froin  theni  eariv  unile  with  those  of 
the  siiiiiniiniiis  net-work.  These  latter  are  i]uite  nnmerous  and  for  purposes  of 
description  nmy  be  arranged  in    lour  grou[ts. 

■  liikrniil.  .Monals.-iclirilt  f.  Anal.  u.  Phvsiol.,  1900. 
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The  firsl  or  apical  group  ( Fig.  805)  consists  of  from  two  to  (our  stems  uhich 
arise  from  the  net-work  at  ihe  tip  of  the  tongue  and  pass  downward  and  backward, 
hali  of  them  iying  on  one  side  of  the  frenum  and  half  on  the  other  side.  They  foIlow 
at  first  the  anterior  border  of  the  genio-hyo-glossus  muscie  and  then  pass  upon  the 
outer  surface  of  that  muscie  and  are  continued  downward  and  backward.  either 
extemal  or  internal  to  the  hyo-glossus,  until  they  reach  the  greater  cornu  of  the 
hyoid  bone,  just  below  the  attachment  of  the  stylo-hyoid.  They  then  cross  obliquely 
over  the  outer  surface  of  the  greater  cornu,  and  are  continued  do^n  ihe  neck  along 
the  outer  border  of  the  omo-hyoid  muscie  to  open  into  one  of  the  inferior  deep 
cervical  nodes  situated  upon  the  jugular  vein  just  above  tlie  point  whcre  it  is  crossed 
by  the  omo-hyoid  muscie.  Sometimes  an  additional  apical  stem  passes  down  the 
frenum  in  company  with  those  just  described,  but  continues  on  downward  to 
perforate  the  mylo-hyoid  muscie  and  terminate  in  <me  of  the  submental  nodes. 

A  second  or  lateral group  consists  of  a  number  of  vessels  which  emerge  from  the 
net-work  along  the  borders  of  the  tongue  (Fig.  804).  There  are  from  eight  to  tttelve 
stems  in  this  group  on 
either  side,  and  ali  are  at 
first  directed  almost  verti- 
ca]ly  downwards,  a  few, 
three  or  four,  passing  later- 
ally  to  the  sublingual  gland 
and  the  rest  medial  to  it. 
The  former  continue  their 
downward  course.  perforate 
the  mylo-hyoid  muscie,  and 
terminate  in  the  submaxil-  '  ■; 

lary  nodes,  while  the  others 
take  a  course  obiiquely 
downward  and  backward, 
and,  passing  some  upon 
the  median  and  others 
upon  the  lateral  surface 
of  the  hyo-glossus  muscie,  u';l 

terminate  in  the  superior  '►"i'' 
deep  cervical  nodes  and 
especially  in  one  situaied  a 
little  alx>vc  the  level  of  the 
bifurcation  of  the  common 
carotid  arterv.  This  nodc. 
on  account  ot  its  relations  to 
these  lingual  stems,  has  been 
termed  the  principa!  node 
o/ ihe  tongue  (Fig.  805  ). 

A  third  or  basa!  group  takes  its  origin  from  the  densc  portion  of  the  submucous 
net-work  which  surrounds  the  circumvallate  papill:e  and  the  foramen  ccecum.  Four 
stems  issue  from  the  net-work  in  the  neighborhood  of  the  median  line.  and  two  on  each 
side  more  laterally,  The  median  stems  ]>ass  at  first  directlv  backward  and  then  bend 
outward  in  the  glosso-epiglottidean  folds,  two  on  either  side.  and  join  the  lateral  stems 
beneath  the  tonsils.  The  lateral  stems,  which  drain  the  regions  of  the  lateral  circum- 
vallate papilhe,  the  foliate  pa]»ill.Te,  and  the  glandular  region  of  the  tongue,  are  directed 
backward  touards  the  lc)wer  border  of  the  lonsil,  and,  after  being  joined  in  that  situalion 
by  the  median  stems,  thev  pass  deepjv  to  terminate  in  the  superior  deep  cer^■ical  no<les. 

Finallv.  a  fourth  or  median  group  arises  from  the  net-wnrk  of  the  median 
portion  of  the  tongue.  anterior  to  the  circumvallate  ]wpil].T.  These  stems  are  five 
or  si.v  in  number,  and  pass  al  (irst  directlv  downward  throiigh  the  substance  of  ihe 
tongue  and  thniugh  the  inter^■al  which  separates  the  two  genio-hvo-glossal  musclcs. 
One  or  two  of  them  then  c<mtinue  in  their  downward  course  and  pass.  in  some  cases 

•  Fteitr^i^  f.  klin.  Chirurpe,  Bd,  xxi.,  1895. 
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tO  the  right  and  in  some  to  the  left,  betwecn  the  f;enio-hyo-glossu3  and  the  genio- 
hynid  miiscles,  perforate  the  myio-hyoitl,  and  terminale  in  the  submaxillarj'  nodes. 
The  remaining  threc  or  four  stems  pass  backward  along  the  inylo-hyoid  muscle 
and.  emerging  at  its  posierior  border,  pass  to  the  superior  deep  cervical  nodes. 

Froni  this  account  it  will  be  seen  that  four  different  groups  of  nodes  stand  in 
relation  to  the  !yniphatic3  ol  the  toiigue.  ( i )  The  siibmental  nodes  receive  a  stem 
from  the  tip  ;  (2)  the  subniaxillary  nodes  receive  stems  from  the  marginal  and  cen- 
tral regions  ;  (3J  the  superior  deep  cervical  nodes  receive  stems  from  ihe  margina!, 
central,  and  basal  regions  ;  and  (4)  the  inferior  deep  cervical  nodes  receive  a  stem 

from  the  apical  region. 
Fig.  805,  1"   addition    it    may  f>e 

mentioned     that     many 
of  the  stems  have  upon 

of    the     small    "  inier- 

calated"   lingual   nodes 

I  ( page   948 ).       Special 

i-s»cii     importance,       however. 

attaches   to    that  supe- 

iMi.u      rior  deep  cervical  node 

'""'"     alrcady    mentioned     as 

■''  occurring  at  about    the 

i'"" "       level  of   the  bifurcation 

i-s^^tis     qI  tiie  common  carotid 

artery,    on    account    of 

the   numerous   allerents 

it     receives     from     the 

tongue. 

The    )ymphatics  of 

the  Jtaor  of  tke   mouth 

have  essentlally  the  same 

terminations  as  those  of 

the  tongue.     The  stems 

which     arise    from     its 

Lvmphiiick  nf  longue.   {A.iii>.  •)  anterior  half  pass   with 

the  stems  from  the  tip 

of  the  tongue  to  the  inferior  deep  cervical  nodes,  while  from  its  entire  surface  stems 

pass  to  the  subma\illary  and  superior  deep  cer\*ical  nodes. 

The  Palate,  Pharynx,  and  Tonsils. — The  Ivmphatics  of  the  hard palaU  form 
a  fine  net-work  in  the  superficial  porlions  of  the  mucous  membrane  and  are  cominuous 
laterally  with  those  of  the  upper  gum.  They  empty  into  several  stems  nhicti  pass 
f>ackward  in  the  median  line  of  the  palate  and  at  about  the  level  of  the  last  molar 
teeth  bend  outvvard  to  the  right  and  left,  and,  passing  in  front  ol  the  anterior  pillars 
of  the  fauces.  pierce  the  superior  constrictor  of  the  pharynx  to  terminale  in  those 
superior  deep  cervical  nodes  which  are  situaied  on  the  internal  jugular  vein  above  tfie 
level  at  which  it  is  crossed  by  the  posterior  bellv  of  the  digastric  muscle, 

The  net-tt-ork  of  the  so/l  palate  is  exceedingly  close  and  especially  so  in  the 
mula,  whirh  in  a  successful  injection  of  the  lymphatics  niay  treble  its  volume,  l>e- 
coming  (•xce«lingly  turgid  {Sappey).  Stems  emerging  from  the  net-work  pass 
tott-ard  Nith  surfaccsof  the  [>alate,  those  lying  helow  the  upper  surface  passing  back- 
ward  and  outward  to  join  the  stems  from  the  nasal  nmcous  membrane  just  ttelo«- 
the  oritice  of  the  F!nsiachian  tube,  ivhence  their  course  is  similar  to  that  of  the  nasal 
stems.  Some  fif  them  pass  upvvard  and  backw*ard  to  perforate  the  superior  con- 
strictor of  the  pharynx  and  tenninatc  in  the  lateral  rctropharvngeal  nodes,  uhile 
othcrs  descpnd  benealh  the  mucous  membrane  covering  the  posterior  pillars  of  the 
f.uices  ;uid.  aftcr  pcHorating  thi'  suj>erior  constrictor,  terminate  in  the  upper  nodes 
of  the  su]>erior  deep  cervical  group. 

•Ga^elli'  hcbdomadaire,  1901. 
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The  lymphatics  of  the  ionsii,  which  resemble  those  of  the  soft  palate  in  their 
abundance,  pass  with  the  stems  from  the  basal  region  of  the  tongue  to  the  superior 
deep  cervical  nodes. 

Those  of  the  pharynx  are  also  abundant,  especially  above  (Fig.  799).  The 
stems  which  arise  from  the  roof  and  upper  part  pass  principally  to  the  retro- 
pharyngeal  nodes,  although  some  reach  the  superior  deep  cervical  nodes  directly  by 
following  the  course  of  the  ganglionated  cord.  The  stems  which  have  their  origin 
in  the  lower  part  of  the  pharyngeal  net-work  pass  downward  tovvard  the  larynx 
and  unite  with  its  vessels  to  be  distributed  to  the  superior  deep  cervical  nodes  as  far 
down  as  opposite  the  level  of  the  second  or  third  tracheal  ring. 

Practical  Considerations. —  Th^  Lymph- Nodes  o/ the  Head. — The  lymphatics 
of  the  scaip  pass  from  the  plexus  of  fine  radicles  on  the  vertex  iiito  the  suboccipital 
(occipital),  mastoid  (postauricular),  parotid  (preauricular),  and  superficial  cervical 
nodes,  and  a  few — from  the  frontal  region — into  the  submaxillary  node,  into  one  or 
the  other  of  which  infection  may  be  carried  from  any  portion  of  the  scalp. 

The  suboccipital  nodes — one  to  three  on  each  side — lie  on  a  line  drawn  from  the 
junction  of  the  upper  and  middle  thirds  of  the  ear  to  the  inion  and  about  two  inches 
external  to  that  point.  They  are  often  enlarged  as  a  result  of  uounds  or  irritation 
of  the  occipital  and  postauricular  portion  of  the  scalp  and — especially  in  neglected 
children — ^as  a  consequence  of  eczema  affecting  the  skin  back  of  the  ear.  The  close 
relation  of  the  node  to  the  great  occipital  nerve,  on  which  it  usually  lics,  gives  rise 
to  marked  tenderness  on  pressure,  the  ne~vc  being  compressed  bet\veen  the  node 
and  the  bone.  The  source  of  infection  of  these  nodes  may  be  intracranial — €,g.^ 
suppurative  meningitis  of  the  cerebellar  fossa  (Macewen). 

The  posterior  aurimlar  OT  mastoid  node y  found  directlv  over  the  mastoid  insertion 
of  the  stemo-cleido-mastoid,  is  likewise  usuallv  infected  from  the  same  scalp  region. 
It  may  also  be  involved  alone  or  together  with  the  suboccipital  and  deep  cervical 
nodes  in  localized  tuberculous  mastoiditis  or  even  in  tuberculous  otitis  media. 

The  parotid  nodes,  lying  both  in  and  upon  the  gland,  receive  lymph  from  and 
consequently  may  be  infected  by  lesions  of  the  scalp,  the  outer  portion  of  the  lids, 
the  orbit,  the  cheeks,  the  nasal  fossae,  the  naso-pharynx,  the  extemal  auditory 
meatus,  the  tvmpanum,  or  the  temporo-mandibular  joint.  Chronic  enlargement  of 
these  nodes,  especially  of  the  deeper  ones  in  the  substance  of  the  gland  and  beneath 
the  parotid  capsule,  mav  lead  to  a  mistaken  diagnosis  of  parotid  tumor.  Suppura- 
tive inflammation  of  these  deeper  nodes  gives  rise  to  a  true  parotid  abscess,  which,  on 
account  of  the  resistance  of  the  strong  parotid  fascia,  \vill  be  under  great  tension. 
Sloughing  of  the  parotid  tissue  may  occur.  There  will  be  shooting  pains  in  the 
head,  neck,  and  ear,  from  pressure  on  the  branches  of  the  trigeminus  accompanying 
the  facial,  or  on  the  auriculo-temporal  and  great  auricular  nerves.  The  contiguity  of 
the  temp>oro-mandibular  joint — into  which  the  abscess  mav  open — makes  movement 
of  the  lovver  jaw  painful.  The  relative  weakness  of  the  capsule  anteriorly  and  on  its 
inner  aspect  causes  the  pus  to  travel  fonvard  towards  the  cheek,  or  inward  towards 
the  pharynx,  follo\ving  sometimes  the  phar>'ngeal  process  of  the  parotid  and  giving 
rise  to  a  retropharvngearl  abscess.  Gravity  and  the  cer\'^ical  process  of  the  parotid 
may  conduct  the  pus  into  the  neck. 

The  Ivmphatics  of  the  /ace  empty,  the  superficial  set — accompanving  the  facial 
vein  —into  the  parotid  and  submaxillary  nodes  ;  the  deep  set,  with  some  of  those  of 
the  orbit,  palate,  nasal  fossie.  and  upper  jaw,  are  said  to  end  in  the  interna!  maxil- 
lary  nodes  situated  at  the  sides  of  the  pharynx  anteriorlv.  According  to  Leaf,  these 
are  onlv  exceptionally'  present.  Their  involvement  in  infections  spreading  from  the 
alx)ve  regions  mav  give  rise  to  "  latero-pharvngeal  abscess,"  causing  a  swelling 
externally  behiiul  the  angle  of  the  mandible,  and  an  inward  projection  of  the  phar\'n- 
geal  wall  postcrior  to  the  tonsil.  The  proximity  of  the  internal  carotid  should  be 
remembered,  and  the  fact  that  an  aneurism  of  that  vessel  has  been  opened  under  the 
impression  that  it  \vas  an  al>scess  of  this  varietv  (page  747). 

Some  Ivmphatics  from  the  chin  and  the  mid-portion  of  the  lower  lip  empty  into 
the  suprahvoid  (suhmental)  nodes  lying  on  the  mylo-hyoid  between  the  two 
aaterior  bellies  of  the  digastrics.     Enlargement  of  these  nodes  may  be  distinguished 
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from  a  bursal  tumor  (thyro-hyoid)  by  the  fact  that  the  former  is  above,  the  latter 
below,  the  hyoid  bone. 

Enlargement  of  a  submaxiUary  7wde,  as  of  a  parotid  node,  may,  particularly 
if  it  lies  within  the  sheath  of  the  gland,  be  mistaken  for  a  growth  of  the  gland  itself. 
The  latter — as  compared  with  the  parotid — is,  however,  much  iess  closely  anci  firmly 
enveioped  by  its  capsule,  is  more  superficial,  and  is  not  in  ncar  relation  to  such 
important  structures.  On  the  other  hand,  the  wide  area  which  drains  into  the  sub- 
maxillary  nodes — the  middle  of  the  forehead  and  of  the  face,  the  inner  portions  of 
the  lids,  the  mouth,  pharynx,  anterior  portion  of  the  tongue,  gums  and  tceth  of  the 
lower  javv — renders  theni  especiaHy  liable  to  pyogenic  or  tuberculous  or  syphiHtic 
infection,  or  to  secondary  involvement  in  carcinoma  of  any  of  these  regions — espe- 
cially  of  the  tongue  or  lower  Hp.  In  examining  for  enlargement  of  these  nodes,  the 
chin  should  be  lowered  so  as  to  relax  the  depressors  of  the  lower  jaw  and  the  deep 
cervical  fascia  and  permit  of  more  accurate  palpation  of  the  region.  When  these 
submaxillary  nodes  require  removal  for  infectious  or  malignant  disease,  the  salivary 
gland  is  often  involved  and  must  be  removed  with  them.  On  account  of  its  accessi- 
bility  and  the  laxity  of  its  capsular  connections,  enucleation  of  this  gland  is  easily 
accomplished.  The  relation  of  the  facial  artery  lying  close  to  the  upper  part  of  its 
deep  aspect — which  it  grooves — before  crossing  the  jaw  in  front  of  the  masseter 
muscle  should  be  remembered. 

The  eflferent  vessels  from  ali  these  nodes — suhoccipital,  mastoid,  parotid,  and 
submaxillary — enter  into  the  superficial  cervical  nodes,  the  efferent  vessels  from 
which,  in  their  turn,  enter  the  deep  cervical  nodes  (page  957).  Extracranial  lesions 
of  an  irritative  kind  \vill  thus  first  show  themselves  in  enlargement  of  the  first 
mentioned  groups  ;  if  the  irritation  is  continued,  the  superficial  cervical  nodes  will 
enlarge  ;  and  if  it  persists  and  is  sufi[iciently  severe,  the  deep  cervical  uill  also 
participate  in  the  enlargement  (Macewen).  As  the  intracranial  lymph-paths,  having 
their  origin  in  the  cerebral  pia  mater  and  the  choroid  plexuses  of  the  ventricles, 
pass  out  of  the  skull  in  company  \vith  the  interna!  carotid  and  vertebral  arteries  and, 
lower,  the  internal  jugular  vein  and  empty  into  the  dccp  cervical  nodes,  these  latter 
are,  theoreticallv,  first  affected  by  intracranial  irritation.  As  they  lie  beneath  the 
cervical  fascia,  their  enlargement  may  not  be  earlv  noticed.  These  variations  in  the 
seat  of  glandular  swelling  cannot,  however,  be  relied  upon  as  a  basis  for  a  positive 
differential  diagnosis  bet\veen  intracranial  and  more  superficial  (extracranial)  sources 
of  irritation  or  infection. 

THE   LVMPHATICS   OF   THE   NECK. 
The  Lvmph-Nodes. 

The  principal  group  of  nodes  in  the  neck  region  is  that  which  is  situated  along 
the  course  of  the  internal  jugular  vein,  forming  the  jugular  plexus  ( plexus  jugularis ». 
It  consists  of  a  variable,  but  usually  large,  number  of  nodes  and  is  interposed  in  the 
path\vay  followed  by  the  entirc  lymphatic  system  of  the  head  and  neck.  It  is  prac- 
ticallv  a  continuous  chain  of  nodes,  extending  the  entire  length  of  the  neck,  but  for 
convenience  in  description  it  is  convenient  to  regard  the  nodes  as  forming  two  sub- 
groups  which  are  named  the  superior  and  i?ifenor  deep  cen^ica!  nodes.  In  addition 
to  these  some  smaller  groups  occur  more  superficially,  forming  what  are  termed  the 
superficial  cenncal  nodes,  so  that  altogether  there  are  three  main  groups  of  nodes  in 
the  cervical  region. 

The  superficial  cervical  nodes  (Ivmphoglandulae  cenicales  superfjciales ) 
may  conveniently  be  divided  into  two  subgroups,  both  of  \vhich  are  composed 
of  rather  small  and  somevvhat  inconstant  nodes.  The  exier?iai  jugular  nodes,  as 
their  name  indicates,  are  situated  along  the  course  of  the  external  jugular  vein, 
and  consequently  rest  upon  the  outer  surface  of  the  sterno-cleido-mastoid  muscle. 
Thev  occur  a  little  below  the  lo\vcr  extremity  of  the  parotid  gland  (Fig.  796), 
and  arc"  usuallv  t\v<)  or  three  in  number,  one  or  t\vo  additional  nodes  sometimes 
heing  presenl  at  a  somewhat  l()\ver  levcl.  Thev  receive  afferents  from  the  pinna 
of  the  ear  aiui  from  the  parotid  region,  and  their  effcrents  pass  over  the  anterior 
border  of  the  sterno-cleido-mastoid  to  open  into  the  superior  deep  cervical  nodes. 
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The  second  suhgroup  is  that  of  the  anterior 
and  inconstant  and  are  sittiated  beneatli 
the  depressor  muscles  of  the  hyoid 
bone,  resting  upon  the  anterior  surfacc 
oi  the  Iarynx  and  on  the  anterior  and 
lateral  surfaces  of  the  traehea.  Thosc 
which  rest  upon  the  tntchea  are  some- 
what  more  constant  than  the  uthers,  but 
hke  Ihcm  thcy  are  usually  small  and 
are  therefore  hkely  to  be  o\'erlooked  in 
normal  conditions.  The  more  lateral 
members  of  the  series,  from  three  to  six 
in  numfjer,  are  arranged  in  a  chain 
which  follous  the  course  of  the  recurrent 
(inferior)  laryngeal  ner\e  and  are  some- 
titnes  spoken  of  as  the  recurrential 
nodes.  The  anterior  cenical  notles 
receive  afferenis  from  the  larjnx  and 
trachea.  and  their  effcrents  pass  to  the 
lower  superior  deep  cenical  nodes, 

The  superior  deep  cervical 
nodes  (IvmptioKlaiKtulae  cervicales  pri)- 
fandac  superiores)  varv  from  len  to 
sixteen  in  number,  and  extend  along 
the  course  of  the  iniemal  jugiilar  vein 
from  the  tip  of  the  mastoid  proccss  to 
the  level  at  whicli  the  vein  is  crossed  *"'"""  "" 
by  the  onio-hyoid  muscle.  Thev  lie 
either  directly  upon  the  vein  or  slightly  posterior 

Fig.  807. 
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lieneath  the  sterno-cleido- 
mitiloid  musdc,  and  are 
ali  united  by  numerous 
connectinK  stems  so  tliat 
thev  fonn  a  veritable 
l)le.\ua.  Some  of  the 
nodes  are  exceedingly 
constant  in  position,  one, 
espi.'cially,  which  receives 
numerous  aflerents  from 
the  lingual  region  and  has 
thercfore  been  termed  the 
priiicipai  node  o/  Ihe 
longne,  occurring  at  about 
Ihe  level  of  the  bifurcation 
of  the  common  carotid 
arterv',  and  a  secontl  is 
situated  just  above  the 
iimo-hyi>id  muscle.  The 
afferrnts  of  the  fjroup  are 

Ik:  divided  iiito  two  classes 
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occipital  nodes,  while  in  the  more  anterior  nodes  efferents  from  the  retropharj-n- 
geal,  parotid,  submaxillary,  submental,  and  superficial  cervical  nodes  terminale. 

Belonging  to  the  second  class  and  terminating  in  the  more  posterior  nodes  are 
(i)  a  vessel  which  descends  direcdy  from  the  occipital  region  of  the  scalp  ;  (2)  some 
stems  from  the  posterior  surface  of  the  pinna  ;  and  (3)  stems  from  the  upper  part 
of  the  back  of  the  neck.  To  the  more  anterior  nodes  pass  ( i )  the  majority  of  the 
stems  descending  from  the  tongue  ;  (2)  stems  from  the  nasal  mucous  membrane, 
the  palate,  and  the  upper  portions  of  the  pharynx  ;  (3)  stems  from  the  cervical 
portion  of  the  cesophagus  ;  (4)  the  majority  of  the  stems  from  the  larynx  and  those 
which  come  from  the  cervical  portion  of  the  trachea,  and  (5)  the  stems  from  the 
thvroid  gland. 

The  efferents  from  the  lovver  nodes  of  the  plexus  pass  partly  to  the  inferior  deep 
cervical  nodes,  and  partly  unite  with  the  efferents  of  these  to  form  the  jugular  trunk, 
which  is  described  below. 

The  inferior  deep  cervical  nodes  (lyinphoKlandulae  cervicales  profuadae 
inferiores),  also  termed  the  supraclavicular  nodes,  occupy  the  supraclavicular  triangle 
of  the  neck,  resting  upon  the  scalene  muscles  and  upon  the  trunks  of  the  brachial 
plexiis.  They  are  fevver  in  number  and,  as  a  rule,  smaller  than  the  superior  deep 
cervical  nodes.  In  addition  to  the  afferents  from  the  superior  nodes  they  receive  ( i ; 
a  stcm  \vhich  passes  directly  downward  from  the  occipital  region  of  the  scalp  along 
the  posterior  lx)rder  of  the  sterno-cleido-mastoid  muscle  ;  (2)  vessels  from  the 
integument  and  muscles  of  the  lower  portion  of  the  neck  ;  (3)  vessels  from  the 
integument  of  the  upper  portion  of  the  pectoral  region  ;  (4)  occasionally  some 
vessels  from  the  arm  which  foIlo\v  the  course  of  the  cephalic  vein  ;  (5)  some  efferents 
from  the  brachial  groups  of  the  axillary  nodes  ;  and  (6)  vessels  which  f>ass  to  the 
lower  nodes  of  the  left,  rarely  the  right,  side  from  the  liver,  ascending  in  the 
suspensory  ligament  of  that  organ,  piercing  the  diaphragm,  and  following  the  course 
of  the  internal  mammary  vessels  upward  through  the  thorax. 

Their  efferents  unite  with  some  of  those  from  the  superior  deep  cervical  nodes  to 
form  a  single  stem,  the  jugular  trunk  (truncus  jugularis),  which  on  the  left  side 
opens  into  the  arch  of  the  thoracic  duct  and  on  the  right  unites  with  the  subclavian 
trunk  to  form  the  right  lymphatic  duct.  Both  the  right  and  the  left  trunks,  how- 
ever,  frequently  open  directly  into  the  subclavian  vein. 

The  Lvmphatic  Vessels. 

The  Integument  and  Muscles  of  the  Neck. — The  lymphatic  stems  arising 
from  the  subcutaneous  and  muscular  net-vvorks  of  the  neck  open  into  the  f>osterior 
nodes  of  the  superior  deep  cervical  chain. 

The  Larynx  and  Trachea. — The  lymphatic  net-work  of  the  larynx  is  verv 
well  developed  over  the  greater  portion  of  the  mucous  membrane  and  is  especiallv 
rich  in  the  regions  of  the  false  vocal  cords  and  the  vcntricles.  Over  the  true  vocal 
cords,  however,  it  is  ver\'  feebly  developed,  and  the  entire  net-work  may  therefore  be 
regarded  as  consisting  of  two  portions,  one  of  which  is  situated  above  the  level  of  the 
true  cords  and  the  other  belo\v  them.  The  t\vo  portions  are  not,  it  is  true,  perfectlv 
distinct,  sincc  they  are  connected  by  the  feehle  net-work  of  the  true  cords  ;  but  it  ha> 
not  been  found  possible  to  force  an  injection  from  one  portion  into  the  other  and. 
furthermore,  each  portion  gi\es  rise  to  a  special  set  of  efiferent  stems. 

The  stems  vvhich  arise  from  the  upper  net-work  are  from  three  to  six  in 
number  on  each  side,  and  make  their  exit  from  the  larynx  through  the  lateral 
portions  of  the  thyro-hyoid  membrane,  in  close  proximity  to  the  superior  larj-ngeal 
arterv  (Fig.  S06).  Thev  then  pass  outward  to  the  anterior  nodes  of  the  superior 
deep  cervical  chain,  some  opening  into  the  nodes  situated  in  the  neighborhood 
of  the  hifurcation  of  the  common  carotid  arterv,  \vhile  others,  bending  do\vnward, 
terminale  in  louer  nodes. 

The  stems  from  the  lo\ver  nctuork  pass  in  two  directions  ;  a  fe\v  small  ones 
perforate  the  crico-thvrcnd  membrane  near  the  median  line,  \vhile  the  rest  are  directed 
posleriorlv  and  make  their  exit  belo\v  the  louer  border  of  the  cricoid  cartilage.  The 
anterior  stems  pass  partlv  to  an  anterior  cervical  node  situated  usually  in  the  medum 
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line  between  the  tA\'0  crico-thyroid  muscles,  another  descends  over  the  isthmus  of 
the  thyroid  gland  to  terminale  in  one  of  the  nodes  \vhich  rest  upon  the  anterior 
surface  of  the  trachea,  while  one  or  two  pass  outward  along  the  upper  border 
of  the  lobes  of  the  thyroid  gland  and  then  descend  to  terminate  in  one  of  the 
superior  deep  cervical  nodes  situated  about  opposite  the  middie  of  the  sterno-cleido- 
mastoid  muscle.  The  posterior  stems,  which  are  from  three  to  six  in  number,  after 
making  their  exit  from  the  larynx,  follow  the  course  of  the  recurrent  larvngeal 
nerves  and  terminate  in  the  recurrential  nodes  situated  in  the  course  of  those  nerves, 
some  of  the  stems  frequently  anastomosing  to  form  a  plexus  \\  hich  descends  along 
the  vagus  nerve  and  may  be  followed,  in  some  cases,  to  the  inferior  deep  cervical 
nodes.  # 

The  net-work  of  the  trachea  is  formed  of  delicate  and  slender  vessels  arranged  so 
as  to  form  elongated  meshes,  and  the  stems  which  arise  from  it  emerge  from  the 
lateral  surfaces  of  the  trachea,  passing  between  the  tracheal  cartilages.  Those  from 
the  upper  part  of  the  trachea  pass  to  the  recurrential  nodes,  \vhile  the  lower  ones 
j>ass  to  the  bronchial  nodes  situated  in  the  neighborhood  of  the  bifurcation  of  the 
trachea. 

The  Thyroid  Gland. — The  lymphatic  stems  from  the  thyroid  gland  pass  for 
the  most  part  to  the  superior  deep  cervical  nodes,  following  the  course  of  the  superior 
thyroid  artery,  some  of  them,  hovvever,  passing  at  first  directly  upward  and  coming 
into  retetion  with  an  anterior  cervical  node  situated  upon  the  crico-thyroid 
membrane.  Those  which  arise  from  the  lovver  border  of  the  isthmus  and  from  the 
neighboring  p)ortions  of  the  lobes  are  directed  do\vnward,  and  terminate  in  the 
anterior  cervical  nodes  which  are  situated  upon  the  anterior  surface  of  the  trachea 
and  in  the  recurrential  nodes. 

The  CEsophagus. — The  cervical  portion  of  the  oesophagus  will  be  considered 
together  with  its  thoracic  portion  (page  971). 

Practical  Considerations. —  The  Lvmph- Nodes  of  the  Neck. — i.  The^tt^^r- 
ficicU  cervical  nodes — not  invariably  present — are  found  over  the  sterno-mastoid, 
along  the  external  jl^ular  vein,  bet\veen  the  deep  fascia  and  the  platysma,  and  mav 
be  enlarged  in  various  affections  of  the  external  ear  and  of  the  skin  of  the  face  and 
neck,  or  consecutively  to  infections  of  the  suboccipital  (occipital),  mastoid  (post- 
auricular),  parotid  (preauricular),  or  submaxillary  nodes.  Those  found  posteriorly 
near  the  anterior  border  of  the  trapezius  muscle  enlarge  early  in  the  secondary  stage 
of  syphilis  and,  on  account  of  their  accessibility  for  palpation,  are  then  of  diagnostic 
value.  2.  The  d^<f^^r^r27Va/«^w/^j  are  divisible,  for  convenience,  into  tvvogroups  :  (a) 
an  upper  group,  situated  about  and  above  the  bifurcation  of  the  common  carotid  artery 
and  the  upper  f>art  of  the  internal  jugular  vein,  some  of  which  lie  partly  beneath  the 
posterior  edge  of  the  sterno-mastoid  and  partly  projecting  into  the  posterior  cer\'ical 
triangle  ;  (^)  a  lo\ver  group,  found  near  the  lower  portions  of  the  internal  jugular, 
external  jugular,  subclavian,  and  transverse  cer\'ical  veins,  and  lying  almost  com- 
pletely  beneath  the  sterno-mastoid.  At  the  root  of  the  neck  this  group  is  continuous 
externally  with  the  subclavian  and  axillary,  and  internally  \vith  the  mediastinal  nodes. 
AH  these  deep  cervical  nodes  lie  in  or  beneath  the  deep  fascia  and  receive  the 
efferent  vessels  from  the  superficial  nodes  fand  thus  from  their  tributaries  mentioned 
above)  as  \vell  as  ali  other  lymphatics  of  the  head  and  neck — retropharvngeal, 
suprahyoid,  etc. — that  do  not  directly  communicate  with  the  superficial  group. 

The  deep  cervical  nodes  are  accordingly  found  to  be  inflamed  or  enlarged 
consecutivelv  to  a  great  varietv  of  conditions, — ^.,C-,  eczema,  wounds  or  ulcers  of 
any  portion  of  the  scalp  or  face,  dental  caries,  alveolo-dental  abscess,  phar\'ngeal 
or  buccal  or  tonsillar  inflainmation  or  ulceration,  fissures  or  ulcers  or  carcinoma 
of  the  tongue,  otitis  (extcTnal  or  nu^dial),  rhinitis,  hordeolum,  labial  herpes  or 
chancre  or  epitlielioma.  Thc*y  mav  also  be  enlarged — though  \vith  great  raritv — 
from  primarv  carcinoma  and — less  rarelv — from  Ivmpho-sarcoma  or  from  Hodgkin*s 
disease.  Furthermore,  various  intracranial  conditions  mav  be  follovved  by  involve- 
ment  of  the  cervical  nodes,  hoth  superficial  and  deep.  In  most  cascs  the  infection 
comes  from  tlu*  same  side  of  the  head,  face,  or  neck.  as  the  enlarged  glands,  but 
occasional]y  the  original  lesion  is  on  the  opposite  side. 
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Svvellings  of  this  deep  chain  of  glands — especiaHy  of  those  beneath  the  stemo- 
mastoid — may  be  present  without  being  distinctly  palpable,  and  are  apt,  in  any  čase 
severe  enough  to  come  to  operation,  to  in  vol  ve  many  more  nodes  than  were 
previousIy  suspected. 

One  node  of  the  upper  group  lies  behind  the  posterior  belly  of  the  digastric  in 
the  angle  between  the  internal  jugular  and  facial  veins.  Leaf  has  suggested  that 
it  be  called  the  "  jugulo-digastric"  node.  In  some  affections  of  the  tonsil  and  of 
the  base  of  the  tongue,  it  enlarges  and  projects  in  front  of  the  anterior  border  of  the 
sterno-mastoid,  its  contents  being  about  half  an  inch  below  and  somewhat  internal  to 
the  angle  of  the  jaw. 

Othcr  glands  of  this  grouj)f  which  are  very  constant  in  position,  lie  over  the 
insertion  of  the  splenius  capitis  under  cover  of  the  upper  end  of  the  sterno-mastoid 
and  surround  the  spinal  accessory  nerve  before  it  perforates  the  latter  musde.  En- 
largement  of  these  glands  \vould  compress  the  nerve  against  the  transverse  process 
of  the  atlas  (Leaf). 

The  retropharyngeal  nodes  lie  in  the  space  of  that  name  (F>age  552),  about 
opposite  the  axis,  on  the  rectus  capitis  anticus  major  and  to  the  inner  side  of  the 
glosso-pharyngeal  nerve  where  it  curves  around  the  iower  border  of  the  stvlo- 
phar^-^ngeus.  They  communicate  with  the  upper  group  of  the  deep  nodes.  They 
may  be  enlarged  from  infection  through  the  overlying  mucosa,  as  they  are  in  dose 
relation  to  the  buccal  portion  of  the  pharynx,  vvhich,  on  account  of  its  many  crypts 
or  recesses,  the  large  amount  of  adenoid  tissue  present,  its  relatively  direct  exposure 
to  mechanical  injury  and  to  the  current  of  inspired  air  (drying  it,  reducing  its 
temperature,  and  possibly  conveying  microbic  irritants),  is  especially  susceptible  to 
inflammation.  They  may  also  enlargc  as  a  result  of  caries  of  the  bodies  of  the 
cervical  vertebrae.  In  either  čase,  there  may  be  pharyngeal  and  tonsillar  pain,  ear- 
ache,  and  other  evidence  of  glosso-pharyngeal  irritation.  If  suppuration  occurs,  a 
fluctuating  swelling  appears  which  pushes  the  posterior  wall  of  the  pharynx  foruard 
(the  retropharyngeal  connective  tissue  being  lax  to  permit  of  the  free  movement  of 
the  pharynx  during  deglutition),  depresses  the  soft  palate,  and  causes  dysphagia  ; 
or,  if  lower,  causes  dysphonia  and  dyspnoea  by  obstructing  tffe  laryngeal  opening. 
Such  an  absccss  may  gravitate  along  the  cesophagus  into  the  mediastinum  and  may 
even  reach  the  diaphragm  ;  or  it  may  extend  laterally  behind  the  parotid  and  great 
vessels  to  the  side  of  the  neck,  or,  reaching  the  cords  of  the  brachial  plexus,  may  be 
conducted  by  them  to  the  posterior  cersical  triangle  or  do\vn  into  the  axilla.  Such 
an  abscess  should  not  be  left  to  spontaneous  evacuation,  on  account  of  the  danger 
of  its  extension  in  these  directions,  or — if  the  abscess  should  suddenly  burst  into  the 
pharynx — of  suflfocation  or  of  septic  pneumonia  if  the  pus  entered  the  air-passages. 
It  may  be  opened  through  the  mouth,  in  the  mid-line  of  the  pharynx  (the  head 
being  bent  over  so  that  the  pus  \vould  not  run  touard  the  glottis),  orexternally  by 
an  incision  along  the  posterior  margin  of  the  sterno-mastoid,  the  great  vessels  being 
pushed  forward  as  the  wound  is  deepened. 

The  lower  group  of  deep  cervacal  nodes  enlarge  most  frequently  consecutiveiy 
to  infection  or  disease  of  the  upper  group.  They  also  receive  the  lymphatics  from 
the  supraspinous  fossa  which  follow  the  suprascapular  arter>\  and  those  from  the 
upper  part  of  the  deltoid.  Those  that  lie  at  the  very  base  of  the  neck,  in  the  sub- 
clavian  triangle,  or  on  the  omo-hvoid  muscle,  are  not  uncommonly  aflfected  in  the  latter 
stagesof  mammary  carcinoma  (page2035).  They  are  continuous  with  the  axillary 
nodes,  \vhile  those  to  their  inner  side — lying  on  the  levator  anguli  scapulae  and 
scalenus  medius  just  external  to  the  internal  jugular  vein — are  also  often  involved  in 
the  up\vard  cxtcnsion  ofcancer.  Both  sets  communicate  with  the  mediastinal  nodes. 
On  the  Ifft  side  thev  are  in  close  |)r()xiniitv  to  the  thoracic  duct.  The  branches  of 
the  cervical  plexus  pass  among  the  nodes  of  this  deep  cervical  group. 

In  cases  of  chronic  inflamination  and  enlargement  of  these  nodes  they  will  usua]ly 
be  found  adherent  to  the  interna!  jugular  vein,  \vhich  is  in  close  relation  to  most  of 
them.  As  the  majoritv  of  theni  lie  beneath  the  sterno-cleido-mastoid.  that  muscle 
will  ofttii  ha\ e  to  be  (li\ ided  either  partiallv  or  completely  in  operations  for  their 
removal.  *  Certain  cvsts,  in  most  cases  congenital,  usuallv  subcutaneous  but  with  deep 
prolongations  into  the  intennuscular  spaces,  are  found  in  the  neck,  and  are  belie\*ed 
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to  be  of  lymphatic  origin,  because  (a)  they  are  often  associated,  and  sometimes 
anatomically  connected  with  other  congenital  defects  of  the  lymphatic  system, 
such  as  macroglossia  (cavernous  lymphangioma  of  the  tongue)  and  macrocheilia 
(labial  lymphangiomaj  ;  and  (^)  they  are  in  communication  with  the  lymphatic 
trunks  (Rolleston). 

THE  LVMPHATICS  OF  THE  UPPER  EXTREMITY. 

The  Lvmphatic  Nodes. 

The  lymphatic  nodes  of  the  arm  are  for  the  most  part  confined  to  its  upper 
p)ortions,  the  principal  group  occurring  in  the  axilla  ^nd  consisting  of  a  considerable 
number  of  nodes  united  by  connecting  stems  to  form  a  pl€xus  axiilans.  A  few 
scattered  nodes  also  occur  in  the  brachial  region  and  some  are  occasionally  to  be 
found  in  the  antibrachium,  but  they  are  entirely  lacking  in  the  hand.  An  especial 
interest  attaches  to  the  axillary  nodes  on  account  of  the  extensive  area  from  which 
they  receive  afferents,  for,  in  addition  to  almost  the  entire  lymphatic  drainage  of  the 
arm,  they  also  receive  the  vessels  from  the  anterior  and  lateral  thoracic  walls,  from 
the  mammary  gland,  and  from  the  scapular  region.  The  brachial  and  antibrachial 
nodes,  on  the  other  hand,  are  rather  to  be  regarded  as  **  intercalated  "  nodes  inter- 
posed  in  the  course  of  certain  of  the  lymphatic  vessels  ;  some  of  them  lie  superficial 
to  the  deep  fascia,  while  others  are  situated  more  deeply  along  the  course  of  the 
principal  blood-vessels,  and,  consequently,  it  is  convenicnt  to  divide  them  into  two 
sets  according  as  they  are  superficial  or  deep. 

The  superficial  brachial  nodes  (Ivmphoglandulae  cubitales  superficiales)  are 
arranged  in  two  principal  groups.  One  of  these  rests  upon  the  brachial  fascia  imme- 
diately  over  the  internal  condyle  of  the  humerus,  and  may  be  termed  the  epitrochlear 
group  (Fig.  809).  It  consists  of  from  one  to  four  nodes,  of  \vhich  one,  the  lowest  of 
the  group,  is  especially  constant  and  is  termed  the  (pitrochlcar  node.  The  remaining 
nodes,  if  present,  are  situated  along  the  course  of  the  basilic  vein,  one  frequently 
lying  almost  in  the  median  line  of  the  arm  a  short  distance  above  the  bend  of  the 
elbow.  The  afferents  of  the  epitrochlear  nodes  are  the  superficial  vessels  of  the 
forearm  and  hand,  especially  those  which  pass  upuard  along  the  ulnar  border  of 
the  forearm  ;  their  efferents  pass  upuard  along  the  basilic  vein  and  join  the  deep 
vessels  where  the  basilic  vein  dips  down  to  join  the  brachial. 

A  second  group,  which  may  be  termed  the  delto-pectoral  group,  consists  of  from 
one  to  four  nodes  situated  along  the  course  of  the  cephalic  vein,  in  the  groove 
between  the  deltoid  muscle  and  the  clavicular  portion  of  the  pectoralis  major 
(Fig.  809).  They  are  not  always  distinguishable  and  are  usually  quite  small. 
They  are  interposed  in  the  course  of  the  delto-pectoral  lvmphatic  stem  which  passes 
upward  in  the  groove  and  op>ens  into  the  subclavicular  group  of  axillary  nodes 
or  occasionallv  into  the  inferior  deep  cer\ical  nodes. 

The  deep  brachial  nodes  sometimes  include  some  small  nodes  occurring  on 
the  lymphatic  stems  which  accompany  the  ulnar  and  radial  blood-vessels,  but  these 
nodes  are  relatively  inconstant.  Of  more  frequent  occurrence  is  a  group  of  two 
or  three  small  nodes  (iyinphof;landulae  cubitales  profundae)  which  occur  upon  the  stems 
accompanying  the  brachial  arter\'  and  are  situated  at  about  the  middle  part  of  its 
course.  Their  afferents  are  the  deep  lymphatics  of  the  forearm  and  their  efferents 
pass  up\vard  to  terminate  in  the  humeral  nodes  of  the  axillary  group. 

The  axillary  nodes,  vvhich  are  embedded  in  the  areolar  tissue  occupying  the 
axillary  sj^ace,  varv  in  number  from  sixteen  to  thirty-six.  Some  of  them  are  usually 
of  considerable  size,  especially  in  those  cases  in  \vhich  their  number  approaches  the 
lower  limit  mentioned.  for  it  is  a  general  rule  that  the  size  of  the  nodes  in  any  group  is 
inversely  proportional  to  their  number  ;  but  it  seems  prohable  that  in  addition  to  those 
vvhich  may  be  ohserved  macroscopically,  exceedingly  small  ones,  approaching  micro- 
scopic  size.  also  occur,  and  that  these,  under  pathological  conditions  or  after  removal 
of  the  larger  ones,  may  increase  in  size  and  form  additional  or  ne\v  foci  of  infection. 

Although  united  by  connecting  stems  to  form  a  plexus,  the  axillary  nodes  may 
be  divided,  according  to  their  position  and  the  source  from  which  their  afferents 
come,  into  a  numlx?r  of  more  or  less  distinct  subgroups  (Figs.  808,  814),  and  of 
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these,  four  are  terminals  for  lymphatic  stems  coming  from  the  arm  and  the  thoracic 
Halls,  while  two  others  form  relays  between  ihese  terminal  nodes  and  the  suhclavian 
trunk  by  which  the  lymph  from  the  entire  axillary  plcxus  is  conveyed  to  the  right 
lymphatic  duct  or  to  the  arch  of  the  thoracic  duct. 

1.  The  brackial  subgroup  is  composed  of  a  number  of  usually  largc  nodcs, 
arranged  in  a  chain  along  the  .ixillary  vein,  for  the  most  part  along  its  inner  surfact-, 
atthougli  a  nodc  is  to  be  found  behind  it,  between  it  and  the  subscapular  musclc. 
The  afferenls  of  this  group  come  from  the  arm  and  include  almost  the  entire  set 
of  collccting  stems  from  that  region,  oniy  one  of  them,  ihat  which  accompanies 
the  cephalic  vein,  passing  to  another  group.  Their  efferents  pass  par(ly  to  the 
intermediale  subgroup  of  the  axillar>-  plexus,  ■partly  to  the  subclavicular  siibjfroup. 
and  partly  to  the  lower  nodes  of  the  inferior  deep  cervical  group. 

2,  The  anterior pedoral  subgroup  is  composed  of  two  or  three  usually  small 
nodes   situated   over   the  second   and  third    intercostal  spaces,  beneath  the  lower 


lxtrder  of  the  pectoralis  major  musclc  ;ind  anterior  to  the  iong  thoracic  arter\'. 
They  receive  afferents  from  the  intcgument  of  the  anterior  surfacc  of  tlie  thora\, 
from  the  pectoral  muscles,  and  from  the  mammary  gland.  Their  effcrejils  pass 
pnrtly  to  the  intermediate  and  partly  to  the  subclavicular  subgroup  of  the  axillar\' 
nodes. 

3.  The  inferior  pcrloral  siibgroiif)  is  composed  of  two  or  three  small  nodes. 
situated  eiiher  upon  or  posterinr  to  the  Iong  thor.icic  arter\-  over  the  fourth  and  fifth 
intercostal  spaces  or  e\cn  highcr.  Thev  recei\c  their  afferents  mainlv  from  the 
integument  of  the  lateral  \vall  of  the  thora.\  and  from  the  subjacent  muscles,  and 
their  ifferetits  pass  to  the  nodes  of  the  intermediate  subgroup. 

4.  The  subscapular  subgroup  '  lymphui>landulac  subscapulares)  consists  of  a  chain 
of  six  or  more  nodes  situalcd  alonj;  the  coiirse  of  the  subscapular  artery,  and,  in 
addition,  inrludcs  tuo  or  three  nodes  which  rcst  upon  the  dorsal  surfacc  of  the 
scapula  in  the  groove  lK:t«een  the  teres  major  and  minor  muscles,      The  afferents 

•An-hivf.  klin.  Cliirurgie,  fid.  Ixiv.,  1901. 
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come  from  the  imegument  and  musclus  of  ihe  lo\ver  part  of  the  neck,  frum  ihe 
dorsal  surfatc  of  the  thora.t,  and  from  the  acapular  region  ;  the  efferenls  pass  inainly 
to  the  nodes  o(  the  interniediate  subgruup. 

5.  The  intermediale  siibgrottp  consists  of  a  nunibcr  o(  rather  hirge  nodes 
imbedded  in  the  atlipose  tissue  which  occupics  the  interval  betueen  the  luter.il  wail 
of  the  thorax  and  the  upper  part  of  the  long  ihoracic  vein  as  it  bends  oulward  to 
open  inio  the  terminal  part  of  the  axillary  vein.  It  rcceives  afferents  from  ali  ihe 
terminal  subgroups  of  the  a.\illary  plexus,  and  its  efferents  pass  to  the  nodes  of  the 
subclaviciilar  sul^roup. 

6.  The  subclavicular  subgroup  consists  ol  from  six  to  twel\e  nodes  situated 
near  the  apex  of  the  axillary  space,  part!y  beneath  the  pectoralis  minor  and  i)artly 
above  the  upper  border  of  that  muscle.  They  constitute  the  final  link  in  the 
axillary  chain,  since  they  receivc  as  afferents,  either  tiirecily  or  indirectly  through  the 
intermediate  nodes,  the  eflercnts  from  ali  the  other  subgroups.  Their  efferenls  unite 
to  form  a  trunk  of  considerable  size,  the  subclavian  trunk  (truncus  subciavius), 
which,  from  ils  origin  opposite  the  tirst  iniercostal  space,  passes  almost  vertically 
upward  over  the  subclavian  vein  to  open  into  it  near  its  junction  with  the  extemal 
jugular,  or  else  to  unite  wllh  the  jugular  trunk  on  the  right  side  or  to  open  into  the 
arch  of  the  thoracic  duct  on  the  left  side.  In  addition  to  thls  prlncipal  termination 
one  or  more  of  the  subclavicular  eRcrents  usually  pass  to  one  ol  the  lower  nodes  of 
the  inferiur  deep  cen'ical  group. 

The  independent  termination  of  Ihe  subclavian  trunk  in  the  suhclavian  vein  is  probablv  the 
most  frequeni  arrangenieni,  but  the  exact  position  of  iLs  junctiun  with  the  vein  is  variable.  Most 
frequently  it  empties  at  ihe  an^le  fomied  f>y  the  junction  of  tlie  sul>c)avian  and  intemal  jugular 
velns,  but  it  may  terminale  u|X)n  the  superior  surfnre  of  the  sul>clavian  vein  some  dLstance  ( i  cm. ) 
away  from  the  angle,  and  quite  [requently  it  opens  upou  the  anterior  surface  of  the  vein,  or,  in 
rarer  instances,  upon  its  iX)Sterior  surface.  Nol  unfreqiienlly  two  or  cven  more  sut>clavian 
trunk-s  occur,  and  in  such  cases  one  may  unitt  with  the  jujiular  inu)k.  or,  if  on  the  left  side,  open 
into  the  arch  of  the  thoracic  duct,  while  the  oiher  terminalni  directly  in  the  vein. 


The  LvMPHATic  Vi-ssels. 


;ible  into  two  groups  according 

;,  ha  ve 


The  Iymphatic  vessels  of  the  upper  limb  are  c 
as  thcy  Ho  superlicial  to  or  beneath  the  deep  fasci; 

The  superficial  vessels,  which  are  far  mi>re  nunierous  than  the  deep 
their  origin  in  the  subcutaneous  nct-work  ivbich  occiirs  ihroughout 
the  entire  estent  ot  tlie  limb,  lint  i«  t-speciallv  drvclopi^rt  upnn  the         ''" 

iurface  ol  the  liand  and  upon  the  hagL-rs  (  Fij;.  Hioj.      The 
net-vork  of  each  digit  lends  toward  its  sidcs  and  at  its  base  uniti-s 
with  those  of  ihc  adjacent  digits  to  form  a  number  of 
stems  which  pass  upwari.l  upon  the  dnrsal  surface  of  the   ivuopecujrai 
hand,  for  the  most  part  over  the  intermetacarpal  sj)3ces,      "*■' 
although  nbun- 
dant     anasto 


neighboring 

si>aces  so  that  __ 

an  0|)en  dorsiil    net-H'ork  is    formetl.      The 

stems  which  arise  from  ihc  nel-ivorks  of  the 

inner  l)order  of  the  littlc  fmgcr  and  of  the  outer  border  of  ihr 

inde.v  aiso  pass  iii>ward  ui«in  the  dorsiim  of  the  hand,  lyiny 

respi-ctivelv  tow.inl  its  inner  and  outer  l>orders.  and  the  net- 

work  of  the  thuiiil)  is  drainc-d  by  vessels  which  |>ass  upvvard 

on  itsdorsal  surf.icc.     From  the  central  porlion  ofthi' palmar 

net-work  some  small  stems  pass  deepiy.   penetratinii:  the 

palmar  aj>cmi-tirosis  to  join  the  deep  Ivmphatic  vessels,  but    ] 

its  remaininy  [lortions  radiate  in  ali  directions  to  join  the 

stems  of  the  dorsal  net-work.     Thus.  the  distal  portions  of  the  net-work  c 
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toward  the  webs  of  the  fingers  and  pass  dorsally  to  join  ihe  stems  which  pass  upuard 
over  ihe  in  terme  taca  rpal  spaces  ;  the  iniier  portions  pass  over  irito  a  niimber  of  small 
stems  which  curve  around  the  inner  border  of  the  hand  to  join  the  stems  coming  from 
the  littfe  fiiij^er  ;  the  outer  portions  similarly  empty  into  the  stems  cominjj  from  the 
outer  suriace  of  the  index  finger  and  from  the  thumb  ;  while  the  proximal  portions 
give  rise  to  a  number  of  stems  which  pass  upward  along  the  anterior  surface  of  the 
forearm.  The  arrangement,  indeed,  is  very  similar  to  thal  followed  by  the  \eins. 
At  the  wrist,  then,  there  are  a  considerable  number  (about  thirty,  more  or  lessi 
of  longitudinal  stenis  which  are  arranged  in  two  groups,  one  of  which  is  dorsat  and 
the  other  ventral  (Figs.  8io,  8ii),  The  fornier  consists  of  the  stems  uhich  drain 
the  digitat  net-works  and  the  distal  and  tateral  portions  of  the  palmar  nct-work. 
while  the  latter  is  formed  of  stems  arising  from  the  proximal  portion  of  the  palmar 
net-work.     As  they  ascend  the  ann  these  stems  recelve  af?erents  from  the  sub- 


cutaneous  net-work  of  the  forearm.  and  al  the  same  tirne  anastomose  with  one 
another,  so  that  their  number  diminishes  gradually  as  they  ascend,  until,  at  alx>ut 
the  middie  of  the  brachium,  they  are  reduced  almost  lo  half  the  original  numl>er. 
As  they  approach  the  elbow  (Fig.  809),  the  stems  of  the  dorsal  group  divide  into 
two  sets,  which  curve  fonvard,  one  around  the  outer  border  and  the  other  around 
the  inner  border  of  the  forearm,  so  that  alx>vc  the  cllx>w  ali  the  princIpal  stems  aru 
situatcd  upon  the  anterior  fvcntral)  surface  of  the  arm,  an  arrangement  which  again 
rccalls  that  presented  by  the  \eins. 

just  above  the  lK.nd  of  the  elbow  one  or  two  of  the  inner  stems  pass  into  the 
epitrochlcar  nodc-s  (Fig.  809),  uhose  efferents  pierce  the  brachial  fascia  to  emptv 
into  the  decp  brachial  Ivmphatics,  but  the  majnrily  of  the  remaining  stems  pass 
directly  upHard  along  the  anterior  snrface  of  the  brachiimi  to  terminate  above  in 
the  brachial  noiks  iif  the  a.xillary  ple.xus.  The  most  external  stem  fotlons,  howe\er. 
a  differt-nt  oHir.se  (Fig.  809).  accompanving  the  cephalic  vein  ulong  the  groove 
between  the  dcltoid  and  |K;ctiiralis  major  miiscles  ;  after  traversing  the  delto -pectoral 
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nodes  it  perforates  the  costo-coracoid  membrane  and  terminates  in  one  of  the 
subclavicuiar  nodes  or,  more  rarelv,  follo\vs  the  course  of  tlie  juj^lo-cephalic  vein 
over  the  clavicle  and  terminates  in  one  of  the  lower  inferior  deep  cervical  nodes. 
From  the  net-\vork  of  the  posterior  surface  of  the  brachium  a  number  of  small  stems 
arise  and  pass  obliquely  upward,  those  Iving  to\varcls  the  outer  border  of  the  arm 
cur\'ing  around  it  to  join  the  outer  main  stems,  while  the  inner  ones  partly  join  the 
inncr  main  stems  and  partly  terminate  in  the  subscapular  nodes  along  with  the  vessels 
from  the  posterior  surface  of  the  shoulder. 

The  deep  lymphatics  of  the  arm  are  much  less  numerous  than  the  super- 
ficial  ones  and  follovv  the  courses  of  the  main  blood-vessels,  usuallv  corresponding  in 
number  vvith  the  venie  comites.  They  occur  in  company  with  the  radiai,  ulnar, 
anterior  and  posterior  interosseous,  and  brachial  vessels. 

The  radiai  Ivmphatics  are  formed  by  the  union  of  two  stems,  one  of  \vhich  follows 
the  course  of  the  main  stem  of  the  artery  from  the  deep  pahiiar  arch,  \vhile  the  other 
accompanies  the  superficial  volar  arter>'  from  the  superficial  arch.  They  come 
together,  usually  a  short  distance  above  the  wrist-joint,  to  form  two  stems  which  pass 
upward  along  the  artery  and  may  traverse  one  or  two  small  and  inconstant  nodes. 
They  tenninate  by  uniting  with  the  ulnar  stems  to  form  the  brachial  lymphatics. 

The  uhiar  Ivmphatics  are  also  formed  by  the  union  of  t\vo  stems,  which 
accompany  the  deep  and  superficial  branches  of  the  ulnar  artery.  They  accompany 
the  ulnar  artery  up  the  forearm,  occasionally  traversing  one  or  two  small  nodes,  and, 
near  their  union  with  the  radiai  stems  below  the  bend  of  the  ellx>w,  they  receive  the 
stems  which  accompany  the  anterior  and  posterior  interosseous  arterics. 

The  brachial  lymphatics  are  t\vo  in  number  and  are  formed  by  the  union  of  the 
radiai  and  ulnar  stems.  They  accomp)any  the  brachial  artery,  traversing  three  or 
four  nodes  in  their  course  and  receiving  the  efiferents  of  the  epitrochlear  nodes,  or, 
these  failing,  the  inner  stems  of  the  forearm.  They  terminate  in  the  brachial  nodes 
of  the  axillary  ple.xus,  especially  in  one  which  usuallv  lies  between  the  axillary  vein 
and  the  subscapular  muscle. 

Practical  Considerations. —  The  Lvmph- Nodes  of  the  Axilla  and  Upper 
Extremity. — The  palm  has  relatively  few  large  lymi)hatic^  (as  it  has  few  superficial 
nerves  and  blood-vessels)  ;  hcnce  wounds  of  the  tingers  or  of  the  dorsum  of  the 
hand,  where  the  lymphatics  are  of  larger  size,  are  more  commonly  follovved  by 
lymphangitis  than  are  wounds  of  the  palm.  Nodes  are  occasionally  found  along  the 
course  of  the  arteries  of  the  forearm  and  arm,  but  are  inconstant  and  not  of  great 
practical  importance.  One  or  two  l)eneath  the  deep  fascia  on  the  flexor  surface  of 
the  elbovv  and  on  a  level  with  the  intemal  condyle  or  an  inch  or  two  above  it,  are  less 
variable  and  are  sometimes  palpably  enlargcd  in  syphilis  at  the  tirne  of  the  early 
general  adenopathy. 

The  axillar>'  nodes  will  be  almost  sufficiently  described  in  relation  to  the 
subjectof  mammarj'  cancer  Cpage  2035).  Further  reference  to  them  will  be  found  in 
the  description  of  the  axilla  (page  581 ). 

These  nodes  mav  lx*  the  primarv  seat  of  Ivmpho-sarcoma,  may  be  the  subject  of 
tuberculous  or  svphilitic  (.-nlargement,  and  are  constantly  infected  after  septic  vvounds 
of  the  hand,  forearm,  or  arm,  and  less  frecjuentlv  from  \voun(ls  in  the  remaining 
areas  \vhich  drain  into  them,  viz. ,  the  cervical  region  over  the  trapezius  muscle.  the 
dorsal  regicMi,  the  iumbar  region  as  far  do\vn  as  the  level  of  the  iliac  crest.  the 
abdominal  regic^n  al)ove  the  umbilicus,  and  the  front  and  sides  of  the  thoracic  region. 
Their  [)r()gressive  enlargement  \videns  the  axilla,  renders  it  more  sli;illo\v  bv  pushing 
its  floor  (lounuard,  makes  the  anterior  fold  prominent,  and  increases  the  space 
betNveen  the  outer  border  of  the  scapula  and  the  thoracic  \vall.  Axillary  al)scess 
commonlv  origiiiates  in  these  nodes,  consecutivelv  to  sepsis  elseuhere,  as  in  the 
regioiis  mcntioiud.  or  after  shoulder-joint  sup|)uration,  or  mammarv  infection,  or 
cariesof  an  uj>j)fr  rib.  .Such  an  al>scess  \vill  produce  rapidlv  the  same  [)henomena  as 
those  caused  hy  a  groNvth.  It  mav  make  its  \vay  behind  the  clavicle  into  the  supra- 
clavirular  fossa  by  f(»ll<>wint»  the  cords  of  the  brachial  plexus,  or  mav  gravitiite  do\vn 
the  arm  along  the  course  of  the  vessels.  It  cannot  come  directly  for\vard  on  account 
of  the  j)ectoral  muscles  and  clavi-i)ectoral  fascia,  or  do\vnward  on  account  of  the 
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a.\ill;iry  fascia,  or  backward  by  reason  of  tht;  attachment  of  the  serratus  magnus  to  the 
scapula,  or  outward  or  inward  bccause  of  the  upper  limb  and  the  waU  of  the  thorax. 
It  shoutd  be  opened  half  way  between  the  anterior  and  posterior  folds  iiear  the 
inner  or  thoracic  wail. 


THE   LVMPHATICS   OF   THE  THORAX. 
The  Lvmph-Nouks, 

Certain  of  the  nodes  which  havc  been  described  as  belonging  to  the  axillar>' 
plexus,  naniely,  those  forminK  the  anterior  and  inferior  pectoral  siibgroups,  might 
well  be  considered  as  belonginjj  to  the  thoracic  set,  sine«  their  afferents  drain  tht 
anterior  and  lateral  vvalls  of  the  thorax.  On  account  of  thcir  situation,  houeicr.  as 
well  as  their  intiinatc  connection  by  effercnts  with  the  intennediate  and  subclavicular 
axitlary  nodes,  they  are  more  conveniuntly  classed  with  the  axillary  set. 

The  reinaining  th<iracic  nodes  may  be  divided  inio  two  sets  atcording  as  they 
occur  in  connection  »ilh  the  thoracic  walls.  panelal  nodes,  or  uith  the  viscera. 
visceral  nodes,     Of  the  )>arietal  nodes  ihere  are  two  principal  gronps, 

The  sternal  or  internal  niammary  nodes  ( Ijmphoglaadulae  stcrnalcs)  form 
ttt'o  chains  which  extend  upwards  iif>on  the  inner  surface  of  the  anterior  thoracic 
wall,  along  the  coursc  of  the  internal  maniniary  blood-vessels  ( Fig.  8i  2).     Thev  \axy 

'  \  numljer  from  four  to  ten. 
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and  are  situated  at  the  ante- 
rior or  sternal  ends  of  tliree 
()r  more  of  the  upper  inter- 
costal  spaces,  resling  upon 
the  internal  intercoslal  mus- 
des  ^\\A  lx;ing  covered,  so  far 
as  the  lower  members  of  the 
groupareconcemed,  byslij)S 
ijf  the  triangularis  stemi. 
Their  afferents  come  from 
the  anterior  diaphraginatic 
nodes,  from  the  npper  por- 
tions  of  the  rcctus  abdominis, 
from  the  anterior  portions  of 
the  intercostal  mnsclcs.  from 
tiic  integiiment  over  the  ster- 
num  and  costal  cartilages, 
and,  to  a  certain  extent,  from 
the  mamniary  glands.  Since 
the  nodes  are  arrangcd  in 
the  form  of  a  chain.  the  effer- 
cnts from  the  lower  memlters 
of  ihe  series  are  afferents  for 
thehigherones;  the  terminal 
efftrents  iisiially  unite  to  form 
ine<iiastinal  and  bronchtal  nodes 


a  siiigk-  sleni  \vhich  joins  the  efferents  of  the  anteriui 
tu  form  the  broncho-mediaslinal  trnnk  fjKige  968). 

The  intercostal  nodes  (IvmphoKlamlulae  intcrcosbiksi  are  situated  along  the 
conrsL-s  of  the  intercostal  arterii's,  ibe  principal  and  most  coiistant  members  ol  the 
series  iM-ing  sitnated  towards  the  posterior  exlrcniities  ol  the  intercostal  spaces. 
Seiine  nodes  »hich  occur  in  tlie  latenU  portions  of  the  spaces  are  incon.stant  and 
always  sinall  ;  tbey  are  nsiiallv  ^iuiaiL-d.  when  present,  at  the  point  where  the 
intcroislal  arteries  give  off  tlieir  latoral  [K.'rforating  branches. 

The  afffieuts  o?  the  intercostal  nodes  dniin  the  piisterior  portions  of  the  inttT- 
coslal  spaci-s.  The  ffffniils  of  the  lo»er  nienibers  of  the  series  unite  to  form  a  sten) 
which  passes  downwiird  and  tcrminates  in  the  receptaculum  chyli,  vihile  thoso  from 
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the  nodes  of  the  upper  s|>aces  are  directed  more  or  less  mcdiallj-  to  open  into  the 
thoracic  duct. 

The  visccral  nodes  of  the  thorax  may  be  arran}jcil  in  three  main  groups,  one 
consisting  of  the  nodes  situated  in  the  anterior  niediastinum,  a  second  of  those 
situated  in  the  po:iterior  med  lasti  n  um,  and  a  thJrd  of  those  uhich  occur  in  the 
neighborhood  of  the  bifurcation  of  the  trachea  and  alnng  the  bronchL 

The  anterior  mediastinal  nodes  (lymphos]andulae  mcdiastinales  aateriores) 
are  arranged  in  two  groups,  one  of  which  occurs  in  tlic  lower  and  the  olher  in  the 
upperpartof  the  mediastinum.  The  nodes  o f  the  lonergroup,  termed  the  rf/ii^Ar«^- 
ntalic  nodes,  are  Irom  three  to  four  in  mimljer,  anti  ure  situated  upon  the  anterior 
part  of  the  upper  surface  of  the  diaphragm,  immediateiv  lx'hind  the  siphoid  process 
of  the  sternum  :  their  afferenis  come  from  the  diaphragm  and  from  the  upper  surface 
of  the  liver,  and  their  effercnts  pass  to  the  loiver  decp  cer\ical  nodes,  following  ihe 
course  of  the  internal  niammary  vesscis. 

The  upper  group,  that  of  the  cardiac  nodes.  is  coinposed  of  from  eight  to  ten  nodes 
situated  upon  the  anterior  surfaces  of  the  arch  of  the  aorta  and  the  left  iniiominate  vein. 
Thej-  recei\e  afferenis  from  ihe  anterior  surface  of  the  pericardluin  and  thymus  gland 
and  from  the  sternal  and  bronchial  n<x]es.  Their  efferenls  jjass  upwar<i  and  unite  with 
those  from  the  bronchial  nodes  to  form  the  broncho-mediastina!  trunk  (page  968). 

The  posterior  mediastinal  nodes  (])niphi>i;landulac  mcdiastinales  postcriores), 
eight  to  twelve  in  number,  are  situated  along  the  thonicic  aorta  in  the  posterior 
mediastinum.  Their  afferenis  come  from  the  cesophagus.  the  posterior  surface  of 
the  pericardium,  and  the  upper  surface  ot  the  liver,  while  their  efferenls  open  mainly 
into  the  thoracic  duct,  a  few  passing  to  the  bronchial  nodes. 

Two  or  three  small  nodes  whlch  may  be  regartied  as  belonging  to  this  group 
occur  upon  the  convcx  surface  of  the  diaphragm  in  the  neighborhood  of  the  opening 
tor  the  inferior  vena  cava.  They  receiie  afferenis  from  the  diaphragmatic  net-work 
and  also  from  the  superticial  net-\vork  of  the  u|)per  surface  of  the  " 


The  bronchial  nodes  (Ijmphoglaadulac  hronchiaks) 
and  size  are  the  most  im- 
portant  of  the  thoracic 
nodes,  and  for  the  con- 
venience  of  description 
they  mav  be  regarded  as 
forming  three  sul)grouj)s 
(Fig.  8i,t).  Oneof  these 
is  formed  by  the  Iraeheal 
nodes  (  IvmphoKlandulae 
trachealcs),  seven  to  ten 
in  number  and  situated 
on  either  si<le  of  the 
Iow'er  i>art  of  the  trachea, 
Those    upon     the     right 

nimiercius  and  tarticr  llian 
those  on  the  k-tt  m<Ii-. 
varying  from  the  slze  of 
a  pea  to  that  ni  a  bean 
in  the  nornial  conditiim. 
A  second  subgnuip  is 
that  of  the  hroiuhieil  nodes 


of  their  number 


-,  fron 


i>t«tlv< 


proper,  t 

the  angk'  foniicd  hv  thi- 
two  brnnchi.  Thev  are 
for  the  nuist  i^art  large. 
those  beneath  the  riglii  bronchu^ 


bcing  iisuallv  larger 
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those  below  the  left  one.  The  third  subgroup  is  formed  by  the  pulmonary  nodes, 
usually  of  small  size '  and  situated  in  the  hilus  of  the  lungs,  between  the  larger 
divisions  of  the  bronchi. 

The  afferents  of  the  bronchial  nodes  are  (i)  from  the  lungs,  (2)  froni  the  lower 
part  of  the  trachea  and  from  the  bronchi,  (3 J  from  the  heart,  and  (4)  from  the 
posterior  mediastinal  nodes.  Their  efferents  niay  either  pass  as  a  numbcr  of  stems 
to  the  thoracic  duct  or  directly  to  the  subclavian  vein  on  the  right  side,  but  m(»re 
frequently  they  unite  to  form  a  single  stem,  with  \vhich  the  stems  coming  from  the 
sternal  and  anterior  mediastinal  nodes  unite  to  form  a  single  broncho-mediastinal 
trunk  (truncus  bronchomcdiastinalis),  which  passes  upvvard  toward  the  confluence 
of  the  internal  jugular  and  subclavian  veins.  It  either  opens  indej>endently  in  to  the 
subclavian  vein,  which  is  the  most  usual  arrangement,  or  else,  on  the  right  side,  it 
unites  with  the  subclavian  and  jugular  trunks  to  form  the  right  lymphatic  duct  or,  on 
the  left  side,  it  unites  with  the  subclavian  trunk  to  open  into  the  arch  of  the  thoracic 
duct,  into  which  it  may  also  open  directly. 

The  Lvmphatic  Vessels. 

The  cutaneous  lymphatics  of  the  thorax  form  a  rich  net-work  extending 
throughout  the  subcutaneous  tissue  and  being  continuous  above  with  the  subciitaneous 
net-work  of  the  cervical  region  and  belovv  with  that  of  the  abdomen.  P^rom  the 
net-work  of  the  anterior  surface  a  considerable  nuniber  of  stems  arise,  which  pass 
outward,  the  upper  ones  almost  horizontally  and  the  lower  ones  obliquely  upward 
and  outward,  to  terminate  in  the  anterior  pectoral  nodes  of  the  axil]ary  plexus 
(Fig.  814).  These  stems  form  the  principal  path  of  the  anterior  thoracic  drainage, 
but,  in  addition,  some  stems  which  arise  from  the  upper  portion  of  the  net-work 
pass  upward  over  the  clavicle  and  terminate  in  some  of  the  lower  inferior  deep 
cervical  nodes,  and  from  the  portions  of  the  net-work  near  the  median  line  short 
stems  perforate  the  intercostal  spaces  and  terminate  in  the  sternal  nodes.  Further- 
more,  it  is  to  be  notcd  that  the  net-\vorks  of  either  side  are  continuous  across  the 
median  line  over  the  surface  of  the  sternum,  and  there  may  consequently  be  a  certain 
amount  of  crossing  in  the  lymj)h  flow,  that  coming  from  the  more  median  portions 
*bf  the  net-work  of  the  right  half  of  the  anterior  thoracic  wall,  for  instance, 
terminating  in  the  left  axillary  nodes.  These  decussating  paths  are,  however,  of 
comparatively  litde  importance  except  in  cases  of  stoppage  of  the  normal  flow  to 
the  axillary  nodes  of  the  same  side,  and  in  such  cases  a  collateral  drainage  mav 
also  be  established  for  the  lower  portion  of  the  thoracic  walls  through  the  abdominal 
lymphatics  to  the  inguinal  nodes. 

Upon  the  lateral  portions  of  the  thorax  the  net-work  gives  rise  to  some  half 
dozen  stems  which  pass  upwards  to  terminate  in  the  inferior  pectoral  nodes  of  the 
axillary  plexus,  and  from  the  net-work  of  the  posterior  thoracic  wall  about  ten  or 
twelve  main  stems  arise  which  converge  laterally  to  terminate  in  the  subscapular 
group  of  the  axillary  plexus.  As  was  the  čase  in  the  anterior  net-work,  so  in  the 
posterior  net-work  some  stems  from  the  upper  portions  of  the  dorsal  net-work  j>ass  to 
the  lower  inferior  deep  cervical  nodes,  and  belou-  more  or  less  anastomosis  occurs 
bet\veen  the  net-works  of  the  thoracic  and  abdominal  (lumbar)  regions. 

The  Mammary  Gland. — The  lymphatics  of  the  mammary  gland  arise  in  the 
deeper  i)orti()ns  of  the  mammarv  tissue  from  sack-like  enlargements  situated  in 
the  connective  tissue  between  the  various  lobules  of  the  gland.  The  majoritv  of 
the  stems  follow  in  general  the  course  of  the  ducts  and,  passing  toward  the  surface, 
communicate  with  an  exceedingly  fine  subareolar  net-\vork,  which  is  a  special 
devclopment  of  the  general  subcutaneous  net-\vork  of  the  anterior  thoracic  wall. 
From  the  subareolar  net-\vork  t\vo  or  more  stems  arise  and  form  the  principal  paths 
for  the  mammarv  Ivmph,  but  access(>ry  paths  are  also  furnished  by  stems  which  arise 
from  the  sack-like  enlargements  and  pass  touard  the  peripher\'  of  the  gland, 
avoiding  the  subareolar  net-work. 

The  stems  \vhich  arise  from  the  subareolar  net-vvork  pass  at  first  almost  directlv 
out\var(ls  until  thev  reach  the  lower  border  of  the  pectoralis  major.  They  ihen 
ascend  along  the  lo\ver  edge  of  this  muscle  for  a  short  distance,  and  eventually  bend 
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around  it,  perforate  the  axillar)'  [ascia,  and  terminate  in  the  anttriur  pectoral  nod«s 
of  the  axillary  plexus.  Occasionally  one  finds  along  the  course  o(  one  or  other  of  the 
stetns  a  small  intcrcalated  node,  and  one  or  two  small  nodes,  the  paramammiUary 
nodes,  may  occur  a  short  distance  below  the  lower  border  of  the  gland  on  one  of  the 
efferents  which  passes  to  the  lower  principal  stem. 

The  accessory  paths  of  the  mammary  lyinph  are  principallv  two  in  number. 
(l)  In  about  ten  per  cent.  of  cases  e.\amined  a  steni  issued  from  the  deep  surface  of 
the  gland,  perforated  the  pectorahs  major,  and  passed  iipward  benveen  that  muscle 
and  the  pectorahs  minor  to  terminate  in  the  subclavicular  nodes.  \2)  A  varying 
number  of  small  stems  leave  the  medial  portion  of  the  f)eriphery  o(  the  gland  and 
perforate  the  sternal  border  of  the  pectorahs  major  and  the  intercostal  muscles,  to 
terminate  in  the  sternal  nudes. 

[t  niay  be  noted  that  the  obstacie  to  the  flow  of  Ivmph  prestnted  bj  enlargecl  axillary*  »odes 
in  severe  aHections  of  Ihe  mammary   gland   niay   tcao   to  the  developnienl  of  i 
collateral  paths  olher  ihan  ihose  mentioned  above.     Thus,  sicice  the  sulwreolar 
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continuous  with  ihe  Reneral  anterior  thoracic  subcutaneous  net-work,  and  the  latter  Ls  continiious 
across  the  median  line,  affecijon  of  the  «land  of  one  side  mav  cause  enlargement  of  Ihe  axillan' 
nodes  of  IhL-  opjHisile  side,  and,  fiirtherniore,  since  the  thoracic  sul>cutaneou?i  net-ttork  is 
continuous  with  that  ol  the  abdomen,  there  is  a  pos,iibility  (or  the  e.stablishnient  of  a  collateral 
path  leading  to  the  infriiinal  mKles. 

Furthernuire,  it  is  to  l)e  rtmembcred  that,  although  the  anterior  pfctoral  nndes  are  ihe 
teraiination  of  the  |irincipal  mainmarv  stems,  vet  the  connection  bel«een  these  and  iiiher 
aKillarv  nodes,  esjn.i"ially  those  of  Ihe  intemiediale  and  subclavicular  subRTCups,  is  so  iniimale 
that  praclirallv  ali  ihe  axj]lary  nodes  may  be  involved,  or  are  al  lea.sl  oiien  lo  suspiciun,  in 
cases  of  mnniTnary  carclnoma. 

The  intercostal  lymphatics  are  arranged  in  two  sets  corresponding  to  the 
two  intercostxiI  muscles  (.Sappev).  The  vcssels  from  each  interna!  intercostal  uniteto 
form  a  sinile  stem  which  passes  forward  along  the  lo\ver  border  of  the  rib  forming 
the  uj>per  Imundarv  of  its  space.  The  stems  of  the  upper  spaccs  open  indepcndontiv 
into  the  sternal  notk-s,  while  those  from  the  lowcr  spaces  iinitc  to  form  a  common 
ascending  stem  which  terminates  in  the  lo»est  node  of  the  sternal  chain. 

•  Poirier  et  Charpy  :   Traitž  d'anatoniie  huniaine,  Tome  ii.,  igoa. 
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The  vessels  from  the  external  intercostals  are  somevvhat  larger  than  those  from 
the  internal  miiscles  and  have  a  backward  direction,  terminating  in  the  intercostal 
nodes.  It  is  upon  these  stems  that  the  lateral  intercostal  nodes  are  situated  when 
present.  Anastomoses  occur  between  the  two  sets  of  vessels,  and  the  internal  sel 
also  receives  communicating  stems  from  the  parietal  layer  of  the  pleura,  while  the 
external  one  receives  branches  from  the  muscles  vvhich  cover  the  thoracic  wall, 
although  the  principal  path  for  these  leads  to  the  axillary  nodes. 

The  Diaphragm. — The  lymphatics  of  the  diaphragm  form  rich  net-works  upon 
both  its  surfaces,  that  upon  the  peritoneal  surface  being  especially  well  developed,  and 
numerous  vessels  traverse  the  substance  of  both  the  muscular  tissue  and  the  centrum 
tendineum,  uniting  the  net-work  of  the  abdominal  with  that  of  the  thoracic  surface. 
Upon  the  thoracic  surface  the  net-work  is  exceedingly  fine  and  close-meshed  in  the 
region  of  the  centrum  tendineum,  being  most  distinct  in  the  regions  of  the  lateral 
leafiets.  From  this  net-work  branches  pass  outuard  parallel  to  the  muscular 
fibres  to  unite  with  a  series  of  anastomosing  stems  whose  general  direction  is  forviard. 
Branches  coming  from  the  more  peripheral  portions  of  the  diaphragm  also  empty  into 
these  stems,  which  carry  the  lymph  forward  to  the  diaphragmatic  nodes,  uhence  it 
passes  to  the  anterior  mediastinal  nodes.  From  the  net-works  of  the  lateral  leafiets 
of  the  central  tendon  collecting  stems  are  also  directed  backward  and  medially  towards 
the  aortic  opening,  which  thev  traverse  to  terminate  in  the  upper  coeliac  nodes. 

It  is  to  be  observcd  that  the  nodes  of  the  thoracic  surface  are  for  the  most  jMirt 
situated  anteriorlv,  uhile  the  ca*liac  nodes,  which  may  be  regarded  as  the  principal 
nodes  of  the  inferior  surface,  are  located  posteriorly.  Both  sets  of  nodes,  houever. 
receive  lymph  from  both  surfaces  of  the  diaphragm  by  means  of  the  perforating 
branches  which  connect  the  upper  and  the  lower  net-works.  The  lower  net-work 
is,  furthermore,  connected  with  the  lymphatics  of  the  more  lateral  portions  of  the 
peritoneum  and  also  with  those  of  the  liver  (page  980),  while  the  upper  net-work 
makes  connections  with  the  lymphatic  vessels  of  the  pleurae.  These  Communications, 
when  considered  in  connection  with  the  existence  of  the  perforating  branches,  explain 
the  occurrence  of  pleuritis  as  a  sequence  of  subphrenic  abscess  or  of  the  latter  as  a 
sequence  of  thoracic  empyema. 

The  Heart. — The  lymphatics  of  the  heart  are  arranged  in  two  principa!  net- 
works,  one  of  which  lies  immediately  beneath  the  endocardium,  while  the  other  is 
upon  the  outer  surface  of  the  organ  immediately  beneath  the  visceral  layer  of  the 
pericardium.  The  endocardial  net-work  communicates  with  the  superficial  one  bv 
branches  vvhich  traverse  the  heart  musculature,  and  the  fiow  of  Ivmph  from  the 
endocardial  net-work  takes  plače  only  through  these  communicating  branches.  The 
superficial  net-\vork  extends  over  the  whoie  surface  of  the  heart,  the  vessels  of  which 
it  is  formed  being  \vell  supplied  with  \al\es  and  arranged  so  as  to  form  characteristic 
quadrate  or  rhomhoidal  meshes.  From  the  net-\vork  longitudinal  stems  pass  up- 
ward  to\vards  the  base  of  the  heart,  corresponding  in  a  general  way  to  the  cardiac 
veins.  Upon  the  anterior  surface  three  stems  are  to  be  found  passing  up\vard 
along  the  anterior  interventricular  groove,  parallel  to  the  anterior  cardiac  vein,  and, 
on  arriving  at  the  auriculo-ventricular  groove,  thev  unite  to  form  a  single  trunk. 
With  this  another  stem  unites  \vhich  has  its  origin  in  the  net-work  of  the  posterior 
surface  of  the  heart  and  ascends  along  the  f)osterior  inter\'entricular  groove, 
parallel  \vith  the  posterior  cardiac  vein.  On  reaching  the  auriculo-ventricular  groove 
it  bcnds  round  to  the  left  and,  encircling  the  base  of  the  left  ventricie,  unites  uith 
the  aiitcTior  vessels.  The  conjoined  trunk  so  formed  passes  upward  along  the  pos- 
terior surface  of  the  puhuonarv  aorta,  j)erforates  the  parietal  layer  of  the  pericardium, 
and  terniinates  in  one  of  the  l)ronchial  nodes. 

From  the  net-work  over  the  right  side  of  the  right  ventricie  another  longitudinal 
stcin  ariscs  aiui  passes  up\vard  [)arallel  to  the  right  marginal  vein,  and,  on  reaching  the 
auri(  ulo-vcnlri(  iilar  groove,  \vinds  around  to  the  right  and  so  reaches  the  anterior 
surfai C  of  the  heart.  It  ihen  ascends  parallel  with  the  anterior  trunk,  along  the  pos- 
ttrior  surface  of  the  pulmonarv  aorta,  and  also  terminates  in  one  of  the  bronchial  nodes, 

The  Lungs. — The  Ivniphatics  of  the  lungs  may  be  regarded  as  consisting  of 
t\vo  sets,  dcep  and  superficial.     The  deep  set  is  composed  of   a  number  of  stems 
which  accoinpanv  the  branches  of  the  pulmonarv  arteries  and  veins  and  of  others 
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which  are  associated  more  especially  with  the  bronchi.  The  bronchial  vessels  take 
their  origin  from  a  net-work  contained  in  the  walls  of  the  bronchi,  and  are  traceable 
along  the  entire  length  of  each  bronchus  and  its  branches  iintil  the  terminal  bronchi 
are  reached  ;  here  the  net-work  disappears  and  no  indications  of  it  are  to  be  found 
in  the  walls  of  the  atria  or  alveoli.  In  the  larger  bronchi  the  net-work  is  double, 
one  portion  of  it  occurring  immediately  beneath  the  mucous  membrane  and  the 
other  external  to  the  cartilaginous  rings,  but  in  the  finer  bronchi  only  one  layer  is 
present  and  from  this  branches  pass  to  the  stems  which  accompany  the  arteries  and 
veins.  AH  the  stems  belonging  to  this  deep  set  of  lymphatics  pass  to  the  hilus  of 
the  lung  and  there  open  into  the  pulmonary  nodes. 

The  siiperficial  set  consists  of  a  net-work  situated  upon  the  surface  of  the  lung, 
immediately  beneath  the  visceral  layer  of  the  pleura.  The  vessels  composing  it  are  well 
supplied  with  valves  and  have  communicating  with  them  branches  from  the  visceral 
laver  of  the  pleura  and  vaived  branches  which  have  their  origin  in  the  interlobular  and 
intralobular  connective  tissue.  No  communication  has  lx?en  observed  betvveen  the 
superticial  and  deep  pulmonary  net-works,  the  stems  from  the  superficial  net-work 
alone  passing  tovvard  the  hilus  of  the  lung  and  terminating  in  the  pulmonary  nodes. 

Lymphatic  vessels  have  been  demonstr.ited  in  the  parietal  laver  of  the  pleura. 
Those  upon  its  costal  surface  communicate  with  the  intercostal  vessels  ;  those  upon 
the  diaphragmatic  surface  with  the  diaphragmatic  net-\vork  ;  and  those  upon  the 
mediastinal  surface  with  the  posterior  mediastinal  nodes. 

The  CCsophagus. — ^The  lymphatics  of  the  cesophagus  are  arranged  in  two  net- 
works,  one  of  vvhich  is  submucous,  while  the  other  is  situated  in  the  muscular  coat. 
The  stems  which  drain  the  net-works  of  the  cer\*ical  portion  of  the  cesophagus  pass 
to  the  superior  deep  cer\'ical  and  the  recurrential  nodes,  \vhile  those  draining 
the  thoracic  portions  of  the  net-works  pass  to  the  posterior  mediastinal  nodes. 
Finallv,  the  stems  originating  in  the  net-works  of  the  terminal  portion  pass  to  the 
upper  nodes  of  the  cceliac  group. 

Practical  Considerations. —  The  Lrmph- Nodes  of  the  Thorax  and  Medias- 
tiniim.  Anterior  Mediastinum.  — The  nodes  in  close  relation  to  the  internal 
mammarv  artery  are  of  practical  importance  on  account  of  their  relations  {a)  to 
the  diaphragm  ;  (b)  to  the  anterior  extremities  of  the  intercostal  spaces  ;  (r)  to  the 
inner  segment  of  the  mammar\'  gland.  Thev  mav  therefore.  be  involved  in  cases 
of  subpleural  (supradiaphragmatic)  abscess,  of  tuberculous  or  svphilitic  or  typhoidal 
caries  of  the  ribs  or  stemum,  or  of  carcinoma  of  the  breast  Cpage  2035). 

Middle  Mediastinum. — The  nodes  just  belo\v  the  bifurcation  of  the  trachea 
(bronchial,  peribronchial ),  in  close  relation  to  the  trachea,  the  bronchi,  and  the 
roots  of  the  lungs,  are  frequently  involved  in  tuberculous  infection  of  the  lungs. 
The  pulmonarv  Ivmphatics,  both  perivascular  and  peribronchial,  communicate  on 
the  one  hand  indirectlv  with  the  lymph-spaces  in  the  vvalls  of  the  alveoli  beneath 
the  epithelial  cells,  and  on  the  other  vvith  these  nodes.  Solid  particlc*s — and  this 
includes  the  bacilhis  tubcrculosis  and  other  organisms — are  thus  enabled  to  pass  from 
within  the  alveoli  into  the  Ivmphatic  spaces,  and  from  these  they  are  forced  on  by 
the  respiratory  movements  of  the  lungs  to  the  bronchial  nodes,  to  \vhich  ali  the 
Ivmphatics  convcrt^^e.  These  nodc»s  often  contain,  especiallv  in  coal  miners,  or  in  the 
inhahitants  of  large  citics,  a  large  amount  of  black  pigment,  consisting  of  minute 
partides  of  dust,   smoke   fcarbon),   etc. ,   that  have  been  inhaled   (Tavlor). 

Caseation  and  ulceration  of  these  nodes  have  involved  the  trachea  Tpage  1840), 
the  bronchi  (especiallv  the  right  one,  vvith  vvhich  the  larger  number  are  in  close 
relation),  and  the  cesophagus  (page  1614),  directlv  in  front  of  vvhich  some  of  them  lie. 
Their  enlargement  has  also  produced  various  pressure  svmptoms, — dvspncea,  dys- 
phagia,  slridulous   respiration,  etc, — vvhich  their  relations  easilv  explain. 

Posterior  Mediastiuiint, — A  group  of  nodes — oesophago-pericardiac  (Leaf) — 
lying  betvveen  the  posterior  surface  of  the  pericardium  and  the  a*s<>phagus,  are  in 
close  relation  to  the  trunk  of  the  pneumogastric  nerve  and  its  resophageal  branches. 
Their  iiifrction — through  their  direct  connection  vvith  the  not  infrequently  infected 
podes  in  the  neck  and  lhorax  Iving  bt^vveen  the  trachea  and  cesophagus — mav  produce 
svmptoms  of  vagus  irritation.      It  has  been  thought  ( Guitenis)  that  these  nodes  and 
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thp  iifini^hial  ncirtrs  Af^r.cif^uilv -fiUr^«!  in  inHuenza  and  that  someof  theanomalous 
piilmfinar/  ivmfimins  'ii  :hat  'iLv^asM — limulaling  congestjon,  pneumonia,  elc. .  are 
thiis  ;»ri:f,iinri-(i  :or.  Markih  ■inUnjfsnent  of  the  bronchial  nodes  may  l>e  indicated 
hy  an  ar-«  •>[  p»rr'-.ijiBiu.n  dtiinoii  ry:!()W  che  level  or  the  founh  dorsal  icrtebra  l^euj. 

In  oanrer  or  rhe  ■-ESophaifTis  dcher  che  mediaatinal  ncxles  or  those  at  the  root  ol 
ihfr  n(^,l(  may  r.*^  imf.ivfni.  .la  orjth  setj  recdve  Ivmphatics  from  that  tube.  Median 
tinal  i(r'>wih  -Ara^ima:  tr  .timceis  mav  orij^nate  in  these  nodes.  Either  condition 
— but  psper.iailv  th»r  rinipiaiiin — »lU  iicca^iioa  mariced  symptums  of  pressure  on 
1)11;  trarhei.  hrinchi.  eauphagiis.  und  iup«aior  cava  and  innominate  veins, — f.g., 
flvspniKi.  (iyspha^:Ta.  ■eiicma  <>i  the  tace.  neck.  and  upper  limbs,  dilatadon  oi  ihe 
3Up«rticial  veins  oi  the  abdnmen  ;uid  thocax. 

THE   LVMPH.\TtCS   OF   THE   ABDOMEN. 

The  Lvmph-Nodes. 

The   pnn.zipal   nmles  ni   the  abfiuminal    region   are  those  associated  wilh    the 

viscera  and   thosč  situaied    iip^DK   the    posterior  W3]l  in  the  vidnity  of  the  aorta. 

A  iew  small  and  incnnatant  noilcs  olso  i>ccur  upon  ihe  anterior  wall,  and  of  these  the 

most  imponunt  are  the  epijTistnc.  che  circumfle.t  iliac.  and  the  umbilical  nodes. 

The  epigastric  nodes  IjmpbMt^Dilulai:  epieastricae )  are  three  or  four  in 
number  and  are  interp<j*e<l  in  the  ';our5e  oi  che  Ivmphatic  stems  which  accompany 


Fig.  Si  3. 


p  <I>i),'r(strir  vesscis  '  Fij;.  815"^  :  thev  occur  toward  the  lower  part  of  the 

;irvl   ihiir  r^rrrnf.t   pass  to  the  lower  itiac   nodes. 

'■  circumfiex  iliac  nodes  are  from  two  to  foiir  in  number  when  preseni. 

ri'.t  iinfn'|ii(-nily  uantini;.     Thfy  are  situated  along  the  course  of  the  deep 

•  ■\  iVr.ir  \<-.sils  :  thev  rrci-ive  affirents  fnim  the  lower  lateral  portions  of  the 

i.il  \\.i\\.  MvS  M-nd  rffircnts  to  the  lower  iliac  nr>dfs. 

F'    umbilical    nodes   are  sitiiati-d    in    the   subscroiis  arcolar   tissue  in   the 

iluii.d  .,f  tlii-  iiml>ilir-us.      Thev  art-  three  in  number,  one  beinp  situated  a 

..«■  and  to  niie  side  uf  the  iimbilicus,  and  the  other  two  above  the  umbilicus 
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in  the  median  line  (Fi)i.   815).     They  c 
posterior  surfacc  of  tlie  »heath  of  thc  rectus 


occurrcnce. 


cur  in    thi;   ni;t-work  which  covers   the 
nusclL-s,  and  are  apparcntly  of  incoii^^tant 

Tlii;  remaining  abdominal  nodes  may  be  regarded  as  arranged  in  two  principal 
divisions,  one  of  which  includes  the  groups  associated  witli  ihe  variou^  \isceni,  »liile 
the  other  is  fonned  by  the  groups  occuiring  in  the  poslerior  wall.  This  latter 
division  iiiay  be  separated  inlo  the  cieliač  and  lumbar  nodes. 

The  cccliac  nodes  var/  in  nuniber  from  bixtcen  to  tvventy,  and  are  situated  in 
front  of  the  alxiominal  aorta,  around  the  origins  of  the  cttliac  a.\is  and  the  superior 
mesenteric  artery.  They  are  extensively  connected  with  one  anolher  so  as  to  form 
a  distinct  cceliac  plexus  (pleius  coeliacus).  They  receive  affertnts  from  the  lower 
portions  of  the  cesophagus,  froin  ihe  diaphragm,  and  from  the  gastric,  hepatic,  pan- 
creatico-splenic,  and  mesenteric  nodes  ;  the  cfferoils  of  the  lo«er  nodes  pass  to  the 
higher  members  of  the  group  and  the  efferents  of  these  eilher  open  independenUy 


into  the  recepiacnhnn  chvli,  or.  more  nsnallv,  unile  to  form  a  common  trunk.  the 
Irunais  inti^stinalis,  which  joins  the  left  lumliiir  trimk  to  form  one  of  the  origins  of 
the  thorai.-ic  diicl  Ipagc943). 

The  lumbar  nodes  ( 1ymphi)elanilulac  Inmbales  I  are  tiventv  to  thirtv  in  number, 
and  form  ihree  irrcj^idar  longitiidinal  rows  along  tlie  conrse  of  the  abdominai  aorta 
(Fig.  S16),  e\tondiiip  irom  the  level  of  the  second  hinib:ir  vertebra  to  the  bifiiraition 
of  the  aorta,  and  forminc  «ilh  the  aid  of  conneclinjr  vessels  a  wel1-marked  plexiis. 
the  p!exus  lumbalis.  The  metlian  row  is  composed  of  some  fi\-e  or  six  large  nodes 
situated  upon  the  anlcrior  suriace  of  the  aorta,  and  of  foiir  or  tive  retro-aortic  nodes 
»hieli  rest  npon  the  bodies  of  the  third  and  foiirth  lumbar  vertebr:e,  immedialelv 
beloM-  tlu-  lower  extrcniity  of  llie  reccptacuhim  chvli.  Of  the  lateral  rows  ihat  of 
the  left  sido  is  formi'*!  I)y  a  mimber  of  nodes  arranged  in  an  almost  vertical  scries 
upon  the  successive  heads  of  tlie  |>ftoas  muscle.     The  right  lateral  nodes  occnpv  a 
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corresponding  position  with  relation  to  the  right  psoas,  Iying  posterior  to  the  vena 
c^va  inferior,  but  a  varying;  number  of  nodes  which  inay  be  referred  lo  this  group 
aiso  occur  upon  the  anterior  suriace  of  that  vessel. 

Since  ali  the  nodes  are  united  by  communicatJng  vessels,  they  form  a  plexiis  and 
will  receive  afferents  from  and  give  efferents  to  one  another.  In  addition,  ihe  median 
row  receives  afferents  from  the  desccnding  colon  and  the  mesocolic  nodes,  while  ihe 
latcral  rows  rcceive  them  from  the  muscies  ol  the  posterior  abdominal  »alls,  from 
the  iliac  nodes,  from  the  testes  in  the  male  and  the  ovarics,  F'al)opian  tubes.  and 
iitems  in  the  female,  and  from  the  kidneys  and  suprarenal  capsulcs.  The  efferents 
of  the  upper  nodes  of  the  median  row  pass  upward  to  terminale  in  the  lower  ctsliac 
nodes,  while  those  of  the  lateral  rows  either  pass  to  the  nodes  of  the  median  row, 
or  unite  together  to  form  on  either  side  a  common  trunk,  the  truncus  lumbalis, 
which  unites  with  its  it\\ovi  to  form  the  receptaculum  chyli  (page  943),  or  else 
they  perforate  the  crus  ol  the  diaphragm  and  <ipen  independently  into  the 
thoracic  duct, 

The  visceral  abdominal  nodes  are  arranged  in  groups  or  chains  uhich  follow 
in  general  the  princi|>at  visceral  branches  of  the  aorta,  those  following  the  branches  of 
the  cceliac  axis  and  the  superior  mesenteric  artery  communicating  by  their  efferer.is 

KiG.  817. 


mainiv  with    the  cceliac  nodes,    while  those  accompanying    the   inferior  mesenteric 
branches  communicate  with  the  median  lumbar  nodes. 

Corresponding  with  the  branches  of  the  cceliac  axis  are  the  gastric,  hepatic,  and 
pancreatico-splenic  nodes.  The  gastric  nodes  consist  of  two  chains  (hoipho- 
Klandulac  eastricac  superiorcs  et  inrcriores)  situated  rcspectivcly  along  the  lesser  and 
grcator  cunatiires  of  the  stomach.  The  superior  nodes.  threc  to  fifteen  in  number, 
are  sitnalcd  aloiig  the  coiirse  of  the  gastric  artcrj-,  principally  along  the  lesser 
cur\-atiire  of  the  stomach  between  the  two  layers  of  the  gastro- hepatic  omemum 
(Fig.  R17),  although  a  few  also  occur  along  the  conree  of  the  arterj'  before  it 
re-aches  the  stomach  and  others  upon  the  left  side  of  the  cardiac  onfice  of  the 
visciis.  The  inferior  nodes  are  situated  in  the  vicinity  of  the  pyloric  end  of  the 
stomach.  partlv  along  the  right  half  of  the  grcater  cunature,  accomjianving 
the  right  gastro-epiploic  vessels.  and  partly  on  the  posterior  suriace  of  the  pvlorus 
along  the  conrse  of  the  gastro-duodenal  vessels.  The  gastric  nodes  receive  afferents 
from  the  stomach  and  in  the  čase  of  the  retro-pvloric  nodes  also  from  the  first 
[jortion  of  the  dnodcniim.  and  thcir  efferents  pass  to  the  cceliac  nodes,  those  of 
thi-  superior  group  fnllovving  the  cniirse  of  the  gastric  vessels,  while  those  from  the 
inferior  group  accoin|)any  the  gastro-duodenal  and  hepatic  arteries. 

"  Deutsche  Zeiischritt  f.  Chinirgie,  Bd.  Ixix. 
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The  hepatic  nodes  (lymphoKlaDdulachepaticae)  iire  more  or  less  ck-arly  arrang(.-d 
in  two  series.  One  series  acconipanies  the  main  stem  of  the  hepatic  artery  alonjj  the 
upper  border  of  the  head  of  the  pancreiis  and  throughout  the  \criical  jKirtiun  of  its 
course  in  the  free  tnargin  of  the  gastro-hepatic  omentuin,  and  the  othor  accoin|)anics 
the  superior  pancrealico-diiodenal  branch  and  ascemis  along  the  bile-duct  to  the 
portal  tissure.  The  afferents  of  the  nodes  coine  froin  the  hvcr,  the  head  of  the 
pancreas,  and  the  first  and  second  ix>rtions  of  the  duodeiiiini,  and  their  effercnts  pasa 
to  the  cceliac  nodes. 

The  pancreatico-splenic  nodes  (Ijmphoelandulac  pancrcaticolienales)  accom- 
pany  the  splenic  anery  throughoiit  the  greater  portion  of  its  coupie,  and  are 
consequently  situated  along  and  partly  behind  the  iip]KT  border  of  the  pancreas 
(Fig.  818).  They  vary  in  number  froni  four  to  tcn,  and  iheir  afferents  coine  froin 
the  organa  snpplled  by  the  splenic  arterv, — ^nanicly,  the  stomach,  jiancreas,  and 
splcen. — while  their  effercnts  pass  to  the  cceliac  nodes, 

The  mesenteric  nodes  Oyinphot;landulae  mcsentericae )  arefrom  onehundred  to 
two  hundred  in  number,  and  are  arranged  along  the  su|>erior  mesenteric  artery  and 
its  branches  to  the  small  intestine.  They  form  three  more  or  less  distinct  series, 
especially  touards  the  iipper  portion  of  the  niesentvry.      One  series,  in  which  the 


nodes  are  more  nmneroiis  atid  smaller  than  the  others,  lies  close  (o  the  intestine. 
among  the  terminal  hranches  of  the  arterv  ;  a  second  c<)nsists  of  larger  scattcred 
nodes  situated  idiing  the  primarj-  branches  of  the  arterv  :  Mhite  the  ihird  series 
inclufies  the  closelv  iiggregated  nodes  which  surronnd  its  main  stem.  Ttmards  the 
!ower  |)ortion  of  the  ileum  the  distinction  of  the  lirst  and  second  series  bccomes 
less  and  less  appareiit,  and  at  the  jnnction  of  the  ileinii  -.ini-l  cacum  the  nodes  form  a 
sinjflc  jjroup,  situated  a  short  distancc  from  the  intestine  l)ctween  the  tivo  lavers  of 
the  mesenterv.  These  nmles  are  sometiines  termed  the  ileo-ceecal  nodes,  and 
associated  \vitli  thein  liy  nieans  of  its  effercnts  is  a  variahle  }:rnui>  of  small  nodes, 
the  appendicular  nodes,  sitiiate<I  (»arilv  in  the  base  of  the  mesenteriole  of  the 
ap[K-n<lix  ami  ]»artlv  in  the  immediate  vicinilv  of  the  junclion  of  the  ileum  and 
Ciecun.  (Fig.  Sjo).' 

The  varioiis  series  of  nodes  are  connected  with  one  another  by  ves.se!s,  which  in 
this  region  are  known  :is  lacteals,  and  the  no<les  of  the  first  series  receive  their 
afftrnils  from  the  walls  al  the  small  intestine.  and.  in  the  čase  o(  the  ileo-Cieca!  nodes, 
froin  ihc  c.fciim  and  \ermiforni  ajjpendis.  The  efftrents  of  the  no<le3  of  the  third 
series  )>ass  to  thrise  TMules  of  the  cceliac  group  which  are  situated  around  the  origin 
of  the  superior  mesenteric  arter\'. 

•  ]our.  de  l'an.il.  et  de  la  physiol.,  Tome  xxxvi.,  1900. 
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three  more  or  tess  distinct  lyniphatic  areas  (Fig.  817).  Not  that  the  areas  are 
perfeclly  separated  (rom  one  another  ;  on  the  contrary,  the  subserous  net-work  is 
continuous  ,over  the  entire  suriace.  But  the  collectiny  stemii  (rom  cach  area  {otlow 
a  definite  routc  toward  different  node  groups.  The  largesl  of  thcse  areas  occupies 
roughly  the  whole  of  the  upper  border  of  the  stomach  from  the  fundus  to  the 
pylorus,  and  extends  downward  on  either  surface  to  abuut  t»o-thirds  of  the  distance 
to  the  greater  curiature.  Its  collecting  stems  alt  pass  to  the  suporior  cardiac  nodes. 
The  second  area  occupies  about  the  pyloric  two-thirds  of  the  greater  cunature,  and 
its  efierents  pass  to  the  inferior  gastric  nodes,  while  the  third  and  smailest  area 
occupies  the  Iower  part  of  the  fundus  and  the  cardiac  one-third  of  the  grcater 
cur\-ature,  and  sends  its  eflerents  to  the  spienic  nodes.  It  niay  be  remarked  that 
these  areas  correspond  in  a  general  way  »ith  the  areas  dniined  l>y  the  principal  vetns 
arising  in  the  stomach  waJls.  Thus.  the  large  uppcr  area  corresponds  in  general  with 
the  drainage  area  of  the  gastric  vein,  the  lower  pyliiric  area  to  that  of  the  right 
gastro-epiploic  vein,  and  the  Iower  cardiac  area  to  that  of  the  left  gaslro-epiploic. 
It  may  further  be  noted  that  while  the  subserous  net-work  communicates  with  the 
superficial  net-work  of  the  cesophagus,  it  seems  to  be  conipleteiy  ciit  off  from  connec- 
tion  with  the  corresponding  duodenal  net-work,  an  airangement  which  is  in  striking 
contrast  to  the  continuity  which 
exists  t>etween  the  gastric  and 
duodenal  mucosa  net-works  and 
explains  the  rare  extension  of  a 
carcinomatous  infection  of  the 
pylorus  to  the  duodenum  by  the 
subserous  route. 

The  Small  Inteatinc. — 
Throughout  the  entire  length  of 
the  intestinc,  both  small  and  large, 
the  lymphaiic  nct  -  works  ;ire 
arranged  in  lwo  sets,  one  of  which 
is  situated  in  the  mucosa  and  the 
other  in  the  miiscular  coat.  The 
two  net-works  are  more  or  less 
indepcndent.  though  communicat- 
ing  branchus  occur,  and  lxith  open 
into  a  subserous  net-work  from 
which  collecting  stems  arise. 

The  stems  which    pjLss  from      "»™'""  ""''•''^':t.uS^T^^t^^^'^^'°'""  """"' °' 
the  duodenum  are  divisible  into 

two  groups  according  as  they  arise  from  the  anterior  or  postcrior  surface.  Those 
coming  from  the  anterior  surface  pass  to  the  chain  of  nodes  situated  along  the 
course  of  the  inferior  ]>ancrcatico- duodenal  arler>',  and  so  to  the  cceliac  nodes, 
which  surrnund  the  origin  of  the  superior  mesenleric  artcrj-,  while  the  posterior 
stems  i>ass  to  the  hepatic  nodes  situated  along  the  course  of  the  superior  pancreatico- 
duodenal  vessds  and  so  to  the  cojliac  nodes  which  surround  the  cceliac  axis.  Some 
of  the  stems  ivhich  take  their  origin  from  the  tirst  part  of  the  duodenum  pass  to 
those  nodes  of  the  inferior  gastric  group  tvhich  are  situated  upon  the  posterior 
surface  of  the  pvloric  region  <)f  the  stomach.  and.  since  these  nodes  also  reccive 
afferents  from  the  ]>yti)rus.  thev  afford  opportunitv  for  the  transfcrence  of  a  siiperticial 
infection  from  tlie  i>ylonis  to  the  duodenum,  a  direct  route  for  infection  in  this 
direction  iK-ing  wanting  (see  above), 

The  collecting  stems  ol  the  jejunum  and  ileum  pass  to  the  first  series  of 
mesenteric  noties,  situated  along  the  line  of  attachment  of  the  mesentery  to  the 
intestine,  and,  after  Iraversing  thi-se,  are  continiied  onward  to  the  second  and  third 
series  of  nodes.  uhose  eflerents  pass  to  the  ca>Iiac  noi 
the  superior  mesuiteric  ariery.  The  vcssels  issuing  frn 
spfiken  of  as  thi>  lacteals,  on  accoimt  of  their  conti 
of  (<mhI  cnnstituents  is  proceeding  rapidiv  i 
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The  vessels  from  the  external  intercostals  are  somevvhat  larger  than  thosc  from 
the  internal  muscles  and  have  a  backward  direction,  terminating  in  the  intercostal 
nodes.  It  is  upon  these  stems  that  the  lateral  intercostal  nodes  are  situated  when 
present.  Anastomoses  occur  between  the  two  sets  of  vessels,  and  the  internal  set 
also  receives  communicating  stems  from  the  f)arietal  layer  of  the  pleura,  while  the 
external  one  receives  branches  from  the  muscles  vvhich  cover  the  thoracic  wall, 
although  the  principal  path  for  these  leads  to  the  axillary  nodes. 

The  Diaphragm. — The  lymphatics  of  the  diaphragm  form  rich  net-works  upon 
both  its  surfaces,  that  upon  the  peritoneal  surface  being  especially  well  developed,  and 
numerous  vessels  traverse  the  substance  of  both  the  muscular  tissue  and  the  centrum 
tendineum,  uniting  the  net-work  of  the  abdominal  \vith  that  of  the  thoracic  surface. 
Upon  the  thoracic  surface  the  net-work  is  exceedingly  fine  and  close-meshed  in  the 
region  of  the  centrum  tendineum,  being  most  distinct  in  the  regions  of  the  lateral 
leatlets.      From    this  net-work    branches   pass   outward   parallel   to   the   muscular 
fibres  to  unite  with  a  scries  of  anastomosing  stems  whose  general  direction  is  forward. 
Branches  coming  from  the  more  peripheral  portions  of  the  diaphragm  also  emptv  into 
these  stems,  which  carry  the  lymph  for>%ard  to  the  diaphragmatic  nodes,  uhcnce  it 
passes  to  the  anterior  mediastinal  nodes.     PVom  the  net-works  of  the  lateral  leafiets 
of  the  central  tcndon  collecting  stems  are  also  directed  backward  and  medially  touards 
the  aortic  opening,  which  thev  traverse  to  terminate  in  the  upper  coeliac  nodes. 

It  is  to  be  <)bser\ed  that  the  nodes  of  the  thoracic  surface  are  for  the  most  part 
situated  anteriorly,  while  the  ccL-liac  nodes,  \vhich  may  be  regarded  as  the  principal 
nodes  of  the  inferior  surface,  are  located  posteriorly.  Both  sets  of  nodes,  however, 
receive  lymph  from  both  surfaces  of  the  diaphragm  by  means  of  the  perforating 
branches  which  conncct  the  upper  and  the  lo\ver  net-works.  The  louer  net-work 
is,  furthermore,  connected  with  the  lymphatics  of  the  more  lateral  portions  of  the 
peritoneum  and  also  with  those  of  the  liver  (page  980),  while  the  upper  net-work 
makes  connections  \vith  the  lymphatic  vessels  of  the  pleura?.  These  Communications, 
when  considered  in  connection  with  the  existence  of  the  perforating  branches,  explain 
the  occurrence  of  pleuritis  as  a  sequence  of  subphrenic  abscess  or  of  the  latter  as  a 
sequence  of  thoracic  empyema. 

The  Heart. — The  lymphatics  of  the  heart  are  arranged  in  two  principal  net- 
vvorks,  one  of  which  lies  immediately  beneath  the  endocardium,  while  the  other  is 
upon  the  outer  surface  of  the  organ  immediately  beneath  the  visceral  layer  of  the 
pericardium.     The  endocardial  net-work  communicates  with  the  superficial  one  by 
branches  which  traverse   the  heart  musculature,  and  the  flow  of  Ivmph  from  the 
endocardial  net-\vork  takes  plače  only  through  these  communicating  branches.    The 
superficial  net-\vork  extcnds  over  the  whole  surface  of  the  heart,  the  vessels  of  which 
it  is  formed  being  \vell  supplied  \vith  vahes  and  arranged  so  as  to  form  characteristic 
qiiadrate  or  rhomboidal  meshes.      From  the  net-\vork  longitudinal  stems  pass  up- 
\vard  towards  the  base  of  the  heart,  corresi)onding  in  a  general  way  to  the  cardiac 
veins.     l^pon    the   anterior  surface  three  stems   are    to  be   found  passing  upuard 
along  the  anterior  inter\'entricular  groove,  parallel  to  the  anterior  cardiac  vein,  and, 
on  arriving  at  ihe  auriculo-ventricular  groove,  thev  unite  to  form  a  single  trunk. 
\Vith  this  another  stem  unites  which  has  its  origin  in  the  net-work  of  the  posterior 
surface   of    the    heart   and    asconds    along    the    posterior   inten-entricular    groove, 
parallel  with  the  posterior  cardiac  vein.      On  reaching  the  auriculo-ventricular  groove 
it  bends  round  to  the  left  and,  encircling  the  base  of  the  left  ventricle,  unites  wilh 
the  anterior  vt^ssels.     The  conjoined  trunk  so  formed  passes  upward  along  the  pos- 
terior surface  of  the  pulmonarv  aorta,  j^erforates  the  parietal  laver  of  the  pericardium, 
and  terniinatcs  in  one  of  the  hronchial  nodes. 

From  ihc  net-work  over  the  right  side  of  the  right  ventricle  another  longitudinal 
stem  arises  aiul  passes  up\vard  parallel  to  the  right  niarginal  vein,  and,  on  reaching  the 
auriculo-ventricular  groove,  \vinds  around  to  the  right  and  so  reaches  the  anterior 
surface  of  the  heart.  It  then  ascends  parallel  \vith  the  anterior  trunk,  along  the  pos- 
terior surface  of  the  pulmonarv  aorta,  and  also  terminates  in  one  of  the  br0nchi.1l  nodes, 

The  Lungs. — The  Ivmphatics  of  the  lungs  may  be  regarded  as  consisling  of 
t\vo  sets,  deep  and  superficial.     The  decp  set  is  composed  of   a  number  of  stems 
which  accompanv  the  branches  of  the  pulmonarv  arteries  and  veins  and  of  othcrs 


THE   LVMPHATICS  OF  THE  THORAX.  971 

which  are  associatecl  more  especially  with  the  bronchi.  The  bronchial  vessels  take 
their  origin  from  a  net-work  contained  in  the  walls  of  the  bronchi,  and  are  traceable 
along  the  entire  length  of  each  bronchus  and  its  branches  until  the  terminal  bronchi 
are  reached  ;  here  the  net-work  disappears  and  no  indications  of  it  are  to  be  found 
in  the  walls  of  the  atria  or  alveoli.  In  the  larger  bronchi  the  net-work  is  double, 
one  portion  of  it  occurring  immediately  beneath  the  mucous  membrane  and  the 
other  external  to  the  cartilaginous  rings,  but  in  the  finer  bronchi  only  one  layer  is 
present  and  from  this  branches  pass  to  the  stems  which  accompany  the  arteries  and 
veins.  Ali  the  stems  belonging  to  this  deep  set  of  lymphatics  pass  to  the  hilus  of 
the  lung  and  there  open  into  the  pulmonary  nodes. 

The  superficial  set  consists  of  a  net-work  situated  upon  the  surface  of  the  lung, 
immediately  beneath  the  visceral  layer  of  the  pleura.  The  vessels  composing  it  are  well 
supplied  with  valves  and  have  communicating  with  them  branches  from  the  visceral 
layer  of  the  pleura  and  valved  branches  which  have  their  origin  in  the  interlobular  and 
intralobular  connective  tissue.  No  communication  has  bcen  observed  between  the 
superficial  and  deep  pulmonary  net-works,  the  stems  from  the  superficial  net-work 
alone  passing  toward  the  hilus  of  the  lung  and  terminating  in  the  pulmonary  nodes. 

Lymphatic  vessels  have  been  demonstrated  in  the  parietal  laver  of  the  pleura. 
Those  upon  its  costal  surface  communicate  with  the  intercostal  vessels  ;  those  upon 
the  diaphragmatic  surface  \vith  the  diaphragmatic  net-work  ;  and  those  upon  the 
mediastinal  surface  with  the  posterior  mediastinal  nodes. 

The  C£sophagus. — The  lymphatics  of  the  oesophagiis  are  arranged  in  two  net- 
works,  one  of  which  is  submucous,  while  the  other  is  situated  in  the  muscular  coat. 
The  stems  which  drain  the  net-works  of  the  cervical  portion  of  the  oesophagus  pass 
to  the  superior  deep  cervical  and  the  recurrential  nodes,  \vhile  those  draining 
the  thoracic  portions  of  the  net-works  pass  to  the  posterior  mediastinal  nodes. 
Finally,  the  stems  originating  in  the  net-works  of  the  terminal  portion  pass  to  the 
upper  nodes  of  the  coeliac  group. 

Practical  Considerations. —  The  Lvmph-Nodcs  of  the  Thorax  and  Medias- 
tinum.  Anterior  Mediastinum.  — The  nodes  in  close  relation  to  the  internal 
mammary  artery  are  of  practical  importance  on  account  of  their  relations  (tf)  to 
the  diaphragm  ;  (^)  to  the  anterior  extremities  of  the  intercostal  spaces  ;  (r)  to  the 
inner  segment  of  the  mammary  gland.  Thev  mav  therefore.  be  involved  in  cases 
of  subpleural  fsupradiaphragmatic)  abscess,  of  tuberculous  or  svphilitic  or  typhoidal 
caries  of  the  rihs  or  stemum,  or  of  carcinoma  of  the  breast  (page  2035). 

Middle  Mediastinum. — The  nodes  just  belo\v  the  bifurcation  of  the  trachea 
(bronchial.  peribronchial),  in  close  relation  to  the  trachea,  the  bronchi,  and  the 
roots  of  the  lungs,  are  frequently  involved  in  tuberculous  infection  of  the  lungs. 
The  pulmonary  Ivmphatics,  both  perivascular  and  peribronchial,  communicate  on 
the  one  hand  indirectlv  with  the  lymph-spaces  in  the  \valls  of  the  alveoli  beneath 
the  epithelial  cells,  and  on  the  other  \vith  these  nodes.  Solid  particles — and  this 
includes  the  bacillus  tuberculosis  and  other  organisms — are  thus  enabled  to  pass  from 
within  the  al\'eoli  into  the  Ivmphatic  spaces,  and  from  these  thev  are  forced  on  by 
the  respiriXtory  movements  of  the  lungs  to  the  bronchial  nodes,  to  which  ali  the 
Ivmphatics  converge.  These  nodes  often  contain,  especiallv  in  coal  miners,  or  in  the 
inhabitants  of  large  citics,  a  large  amount  of  black  pigment,  consisting  of  minute 
particlc^s  of  dust,   smoke  (carbon),   etc. ,   that  have  been  inhaled   (Tavlor). 

Caseation  and  ulceration  of  these  nodes  have  involved  the  trachea  Tpage  1840), 
the  bronchi  (especiallv  the  right  one,  \vith  which  the  larger  number  are  in  close 
relation),  and  the  oesophagus  (page  1614 ),  directlv  in  front  of  vvhich  some  of  them  lie. 
Their  enlargement  h;is  also  produced  various  pressure  svmptoms, — dvspncea,  dvs- 
phagia,  stridulous   respiration,  etc. — \vhich  their  relations  easilv  explain. 

Posterior  Mediastinum. — A  group  of  nodes — <esophago-|)ericardiac  (Leaf^ — 
lying  lx*t\veen  the  posterior  surface  of  the  pericardium  and  the  (esophagus,  are  in 
close  relation  to  the  trunk  of  the  pneumogastric  ntTve  and  its  (Lnsophageal  branches. 
Their  infrction — throiigh  their  direct  connection  \vith  the  not  infrecjuentlv  infected 
podes  in  the  neck  and  th<)rax  lying  lH't\veen  the  trachea  and  cesophagus — mav  produce 
svmptoms  of  vagus  irritation.      It  has  been  ihought  (  Ciuiteras)  that  these  nodes  and 
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those  below  the  left  one.  The  third  subgroup  is  formed  by  the  pu!manary  nodcs^ 
usually  of  small  size'and  situated  in  the  hilus  of  the  lungs,  between  the  larger 
divisions  of  the  bronchi. 

The  afferents  of  the  bronchial  nodes  are  (i )  from  the  lungs,  (2)  froni  the  lower 
part  of  the  trachea  and  from  the  bronchi,  (3)  froni  the  heart,  and  (4)  from  the 
posterior  mediastinal  nodes.  Their  efferents  niay  either  pass  as  a  number  of  stems 
to  the  thoracic  duct  or  directly  to  the  subclavian  vein  on  the  right  side,  but  more 
frequently  they  unite  to  form  a  single  stem,  with  which  the  stems  coming  from  the 
sternal  and  anterior  mediastinal  nodes  unite  to  form  a  single  broncho-mediastinal 
trunk  (truncus  bronchomediastinalis),  which  passes  upward  toward  the  conf^uence 
of  the  intemal  jugular  and  subclavian  vcins.  It  either  opcns  independently  into  the 
subclavian  vein,  which  is  the  most  usual  arrangement,  or  else,  on  the  right  side,  it 
unites  with  the  subclavian  and  jugular  trunks  to  form  the  right  lymphatic  duct  or,  on 
the  left  side,  it  unites  with  the  subclavian  trunk  to  open  into  the  arch  of  the  thoracic 
duct,  into  which  it  may  also  open  directly. 

The  Lvmphatic  Vessels. 

The  cutaneous  lyniphatics  of  the  thorax  form  a  rich  net-work  extending 
throughout  the  subcutaneous  tissueand  being  continuous  above  with  the  subcutaneous 
net-work  of  the  cervical  region  and  below  with  that  of  the  abdomen.  From  the 
net-work  of  the  anterior  surface  a  considerable  number  of  stems  arise,  which  pass 
outward,  the  upper  ones  almost  horizontally  and  the  lower  ones  obliquely  upward 
and  outward,  to  terminate  in  the  anterior  pectoral  nodes  of  the  axillar>'  plexus 
(Fig.  814).  These  stems  form  the  principal  path  of  the  anterior  thoracic  drainage, 
but,  in  addition,  some  stems  which  arise  from  the  upper  portion  of  the  net-work 
pass  upward  over  the  clavicle  and  terminate  in  some  of  the  lower  inferior  deep 
cer\'ical  nodes,  and  from  the  portions  of  the  net-work  near  the  median  line  short 
stems  perforate  the  intercostal  spaces  and  terminate  in  the  sternal  nodes.  Further- 
more,  it  is  to  be  noted  that  the  net-Nvorks  of  either  side  are  continuous  across  the 
median  line  over  the  surface  of  the  sternum,  and  there  may  consequently  be  a  certain 
amount  of  crossing  in  the  lymph  flow,  that  coming  from  the  more  median  portions 
\A  the  net-work  of  the  right  half  of  the  anterior  thoracic  wall,  for  instance, 
terminating  in  the  left  axillary  nodes.  These  decussating  paths  are,  however,  of 
comparatively  litde  importance  except  in  cases  of  stoppage  of  the  normal  f^ow  to 
the  axillary  nodes  of  the  same  side,  and  in  such  cases  a  collateral  drainage  mav 
also  be  established  for  the  lower  portion  of  the  thoracic  walls  through  the  abdominal 
lymphatics  to  the  inguinal  nodes. 

Upon  the  lateral  portions  of  the  thorax  the  net-work  gives  rise  to  some  half 
dozen  stems  which  pass  upwards  to  terminate  in  the  inferior  pectoral  nodes  of  the 
axillary  plexus,  and  from  the  net-work  of  the  posterior  thoracic  wall  about  ten  or 
twelve  main  stems  arise  which  converge  laterally  to  terminate  in  the  subscapular 
group  of  the  axillary  plexus.  As  was  the  čase  in  the  anterior  net-work,  so  in  the 
posterior  net-work  some  stems  from  the  upper  portions  of  the  dorsal  net-work  pass  to 
the  lower  inferior  deep  cervical  nodes.  and  helo\v  more  or  less  anastomosis  occurs 
between  the  net-works  of  the  thoracic  and  abdominal  flumbar)  regions. 

The  Maniniary  Gland. — The  Ivmphatics  of  the  mammary  gland  arise  in  the 
deeper  portions  of  the  mammarv  tissue  from  sack-like  enlargements  situated  in 
the  connective  tissue  between  the  various  lobules  of  the  gland.  The  majoritv  of 
the  stems  follo\v  in  general  the  course  of  the  ducts  and,  passing  toward  the  surface, 
communicate  with  an  exceedingly  fine  subareolar  net-\vork,  which  is  a  special 
development  of  the  general  subcutaneous  net-work  of  the  anterior  thoracic  wall. 
From  the  subareolar  net-\vork  t\vo  or  more  stems  arise  and  form  the  principal  }>aths 
for  the  mammarv  lymph.  but  accessorv  paths  are  also  furnished  by  stems  which  arise 
from  the  sack-like  enlargements  and  pass  to\vard  the  peripherv'  of  the  gland, 
avoiding  the  suKireolar  net-\vork. 

The  stems  which  arise  from  the  subareolar  net-work  pass  at  first  almost  directlv 
out\vards  until  they  reach  the  lower  border  of  the  pectoralis  major.  Thev  then 
ascend  along  the  lower  edge  of  this  muscle  for  a  short  distance.  and  eventuallv  bend 
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around  it,  perforate  the  a."cillary  fascia,  and  terminale  in  the  anterior  pectoral  nodts 
of  the  axillary  plexus.  Occasionallv  one  finds  along  the  course  of  one  or  other  of  the 
stems  a  small  mtercalated  node,  and  one  or  lwu  sniall  nodes,  the  paramaminillary 
nodes,  may  occur  a  sliort  distance  below  the  lower  border  of  the  gtand  on  one  of  the 
efferents  which  passes  to  the  lower  principal  stem. 

The  accessor/  paths  of  the  mammary  lymph  are  principallv  two  in  number. 
( I )  In  about  ten  per  cent.  of  cases  examined  a  steni  issued  from  the  deep  surface  of 
the  gland,  perforated  the  pectoralis  major,  and  passcd  upward  between  that  muscle 
and  the  pectoralis  minor  to  terminale  in  ihe  subclavicular  nodes.  (i)  A  varj'jny 
number  of  small  stems  leavc  ihe  medial  portion  of  the  periphery  of  the  gland  and 
perforate  the  sternal  border  of  ihe  pectoralis  major  and  ihe  intercoslal  muscles,  to 
terminale  in  the  sternal  nodes. 

It  inay  be  noted  that  Ihe  obstacie  lo  the  flow  of  Ivmph  presented  by  enlarged  axillary  nodes 
in  severe  afFections  of  ihe  niammary  gland  maj'  fead  to  ihe  development  of  acees.sory  tir 
collateral  paths  olher  than  Ihose  mentioned  above.    Thus,  since  the  .subareolar  nei-work  is 


;5wilh  the  general  anlerinr  thoraeic  subculaneous  ntt-«ork,  and  theTatter  Ls 
across  the  median  line.  affeetion  of  the  gland  of  one  si<le  niay  caust  enlargement  of  tfie  asiTlanr 
nodes  of  the  opposile  side,  and.  fiirthermore,  since  Ihe  thoraeic  subculaneous  net-work  iš 
continuous  with  that  of  Ihe  abdomeii.  thcre  is  a  possibilitv  for  the  establishnienl  of  a  collateral 
path  leading  to  the  inguinal  nodes. 

Furthertnore,  it  is  to  he  reinember«!  that,  althoiigh  tlie  anterior  pecloral  nodes  are  ihe 
terminalion  of  Ihe  principal  manimary  slenis.  vel  the  conneclion  belween  ihesc  and  oiher 
axil1ary  nodes,  es[)«-ially  those  of  the  ihternu-diaie  and  subclavicular  subgroups,  is  so  intiniate 
that  practicallv  ali  the  axilTary  nodes  niay  l>e  imolved,  or  are  al  le.isl  ot>en  to  suspicion,  in 
cases  of  mammary  carcinoma. 

The  intercostal  lymphatics  are  arranged  in  two  sets  corresponding  to  the 
two  intercostal  miiscles  (Sappev).  The  vessels  from  each  internal  intercostal  iiniteto 
form  a  sirigle  stcm  which  |>;isscs  fonvard  along  tlie  lowcr  border  of  ihe  rib  forming 
the  upper  lxnindary  of  its  spacc.  The  slems  of  the  upper  spaces  open  indcpendentiv 
into  ihe  siernal  no<k's,  while  thosc  from  the  lower  spaces  imite  to  form  a  common 
ascending  slem  uliich  terminatt.s  in  the  lowesl  node  of  the  sternal  chnin. 

•  Poirier  et  Charpy  ;   Trait^  d" 
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The  vessels  from  the  external  intercostals  are  somewhat  larger  than  thosc  from 
the  internal  muscles  and  have  a  backward  direction,  terminating  in  the  intercostal 
nodes.  It  is  upon  these  stems  that  the  lateral  intercostal  nodes  are  situated  when 
present.  Anastomoses  occur  between  the  two  sets  of  vessels,  and  the  intemal  sel 
also  receives  communicating  stems  from  the  parietal  layer  of  the  pleura,  while  the 
external  one  receives  branches  from  the  muscles  vvhich  cover  the  thoracic  wall, 
although  the  principal  path  for  these  leads  to  the  axillary  nodes. 

The  Diaphragm. — The  lymphatics  of  the  diaphragm  form  rich  net-works  u|x>n 
both  its  surfaces,  that  upon  the  peritoneal  surface  being  especially  well  developed,  and 
numerous  vessels  traverse  the  substance  of  both  the  muscular  tissue  and  the  centrum 
tendineum,  uniting  the  net-work  of  the  abdominal  with  that  of  the  thoracic  surface. 
Upon  the  thoracic  surface  the  net-work  is  exceedingly  fine  and  close-meshed  in  the 
region  of  the  centrum  tendineum,  being  most  distinct  in  the  regions  of  the  lateral 
leaflets.      P>om   this  net-work    branches   pass   outward   parallel   to   the  muscular 
fibres  to  unite  with  a  series  of  anastomosing  stems  whose  general  direction  is  fonvard. 
Branches  coming  from  the  more  peripheral  portions  of  the  diaphragm  also  empty  into 
these  stems,  which  carry  the  lymph  forward  to  the  diaphragmatic  nodes,  whence  it 
passes  to  the  anterior  niediastinal  nodes.     From  the  net-works  of  the  lateral  leaflets 
of  the  central  tendon  collecting  stems  are  also  directed  backward  and  medially  touards 
the  aortic  opening,  ivhich  thev  traverse  to  terminate  in  the  upper  cceliac  nodes. 

It  is  to  be  observed  that  the  nodes  of  the  thoracic  surface  are  for  the  most  part 
situated  anteriorly,  while  the  cci-liac  nodes,  which  may  be  regarded  as  the  principal 
nodes  of  the  inferior  surface,  are  located  posteriorly.  Both  sets  of  nodes,  ho\ve\'er, 
receive  lymph  from  both  surfaces  of  the  diaphragm  by  means  of  the  perforating 
branches  which  connect  the  upper  and  the  lower  net-works.  The  lower  net-work 
is,  furthermore,  connected  with  the  lymphatics  of  the  more  lateral  portions  of  the 
peritoneum  and  also  with  those  of  the  liver  (page  980),  while  the  upper  net-work 
makes  connections  \vith  the  lymphatic  vessels  of  the  pleurae.  These  Communications, 
when  considered  in  connection  \vith  the  existence  of  the  perforating  branches,  explain 
the  occurrence  of  pleuritis  as  a  sequence  of  subphrenic  abscess  or  of  the  latter  as  a 
sequence  of  thoracic  empyema. 

The  Heart. — The  lymphatics  of  the  heart  are  arranged  in  two  principa!  net- 
works,  one  of  which  lies  immediately  beneath  the  endocardium,  while  the  other  is 
upon  the  outer  surface  of  the  organ  immediately  beneath  the  visceral  layer  of  the 
pericardium.     The  endocardial  net-work  communicates  with  the  superficial  one  by 
branches  which  traverse   the  heart  musculature,  and  the  flow  of  Ivmph  from  the 
endocardial  net-work  takes  plače  only  through  these  communicating  branches.    The 
su|)erficial  net-work  extends  over  the  whole  surface  of  the  heart,  the  vessels  of  which 
it  is  formed  being  \vell  supplied  \vith  valves  and  arranged  so  as  to  form  characteristic 
quadrate  or  rhomboidal  meshes.      From  the  net-work  longitudinal  stems  pass  up- 
\vard  to\vards  the  base  of  the  heart,  corresponding  in  a  general  way  to  the  cardiac 
veins.     l'pon    the   anterior  surface  three  stems   are   to  be   found  passing  upuard 
along  the  anterior  inter\'entricular  groove,  parallel  to  the  anterior  cardiac  vein,  and, 
on  arriving  at  the  auriculo-ventricular  groove,  thev  unite  to  form  a  single  trunk. 
With  this  another  stem  unites  \vhich  has  its  origin  in  the  net-work  of  the  posterior 
surface   of    the   heart   and   asconds    along   the    posterior   inter\'entricular   groove, 
parallel  with  the  posterior  cardiac  vein.     On  reaching  the  auriculo-ventricular  groove 
it  bends  round  to  the  left  and.  encircling  the  base  of  the  left  ventricle,  unites  with 
the  anterior  vessels.     The  conjoined  tmnk  so  formed  passes  upuard  along  the  pos- 
terior surface  of  the  pulnionarv  aorta,  perforates  the  parietal  layer  of  the  pericardium, 
and  terniinates  in  one  of  the  bronchial  nodes. 

r>r)m  the  net-work  over  the  right  side  of  the  right  ventricle  another  longitudinal 
stem  arises  and  passes  up\vard  parallel  to  the  right  marginal  vein,  and,  on  reaching  the 
auriculo-ventricular  groove,  \vincls  aronnd  to  the  right  and  so  reaches  the  anterior 
surface  of  the  heart.  It  then  ascends  parallel  with  the  anterior  trunk.  along  the  pos- 
terior surface  of  the  pulmonarv  aorta,  and  also  terminates  in  one  of  the  bronchial  nodes. 

The  Lungs. — The  Ivmphatics  of  the  lungs  may  be  regarded  as  consisting  of 
t\vo  sets,  decp  and  superficial.     The  decp  set  is  composed  of   a  number  of  stems 
uhich  accompanv  the  branches  of  the  pulmonarv  arteries  and  veins  and  of  othcrs 


THE  LVMPHATICS  OK  THE  THORAX.  971 

which  are  associated  more  especially  with  the  bronchi.  The  bronchial  vessels  take 
their  origin  froni  a  net-work  contained  in  the  walls  of  the  bronchi,  and  are  traceable 
aiong  the  entire  length  of  each  bronchus  and  its  branches  until  the  terminal  bronchi 
are  reached  ;  here  the  net-work  disappears  and  no  indications  of  it  are  to  be  found 
in  the  vvalls  of  the  atria  or  alveoli.  In  the  larger  bronchi  the  net-work  is  double, 
one  portion  of  it  occurring  immediately  beneath  the  mucous  membrane  and  the 
other  external  to  the  cartilaginous  rings,  but  in  the  finer  bronchi  only  one  layer  is 
present  and  from  this  branches  pass  to  the  stems  which  accompany  the  arteries  and 
veins.  Ali  the  stems  belonging  to  this  deep  set  of  lymphatics  pass  to  the  hilus  of 
the  lung  and  thcre  of>en  into  the  pulmonary  nodes. 

The  superficial  set  consists  of  a  net-work  situated  upon  the  surface  of  the  lung, 
immediately  beneath  the  viscenil  layer  of  the  pleura.  The  vessels  composing  it  are  well 
supplied  with  valves  and  have  communicating  with  them  branches  from  the  visceral 
laver  of  the  pleura  and  valved  branches  which  have  their  origin  in  the  interlobular  and 
intralobular  connective  tissue.  No  communication  has  been  observed  between  the 
superficial  and  deep  pulmonary  net-works,  the  stems  from  the  superficial  net-\vork 
alone  passing  toward  the  hilus  of  the  lung  and  terminating  in  the  pulmonary  nodes. 

Lvmphatic  vessels  have  been  demonstrated  in  the  parietal  laver  of  the  pleura. 
Those  upon  its  costal  surface  communicate  with  the  intercostal  vessels  ;  those  uf)on 
the  diaphragmatic  surface  vvith  the  diaphragmatic  net-\vork  ;  and  those  upon  the 
mediastinal  surface  with  the  posterior  mediastinal  nodes. 

The  C£sophagus. — The  lymphatics  of  the  oesophagus  are  arranged  in  two  net- 
\vorks,  one  of  vvhich  is  submucous,  while  the  other  is  situated  in  the  muscular  coat. 
The  stems  which  drain  the  net-works  of  the  cervical  portion  of  the  cesophagus  pass 
to  the  superior  deep  cervical  and  the  recurrential  nodes,  \vhile  those  draining 
the  thoracic  f>ortions  of  the  net-works  i)ass  to  the  posterior  mediastinal  nodes. 
Finally,  the  stems  originating  in  the  net-works  of  the  terminal  portion  pass  to  the 
upper  nodes  of  the  cceliac  group. 

Practical  Considerations. —  The  Lvjnph- Nodes  of  the  Thora.v  and  Medias- 
tinum.  Ajtterior  Mediastinum.  — The  nodes  in  close  relation  to  the  internal 
mammarv  arterv  are  of  practical  importance  on  account  of  their  relations  {a)  to 
the  diaphragm  ;  (^)  to  the  anterior  extremities  of  the  intercostal  spaces  ;  (r)  to  the 
inner  segment  of  the  mammary  gland.  They  mav  therefore.  be  involved  in  cases 
of  subpleural  (supradiaphragmatic)  abscess,  of  tuberculous  or  svphilitic  or  typhoidal 
caries  of  the  ribs  or  stemum,  or  of  carcinoma  of  the  breast  (page  2035). 

Middle  Mediastinum. — The  nodes  just  belo\v  the  bifurcation  of  the  trachea 
(bronchial.  peribronchial),  in  close  relation  to  the  trachea,  the  bronchi,  and  the 
roots  of  the  lungs,  are  frequently  involved  in  tuberculous  infection  of  the  lungs. 
The  pulmonarv  Ivmphatics,  both  perivascular  and  peribronchial,  communicate  on 
the  one  hand  indirectlv  with  the  lymph-spaces  in  the  walls  of  the  alveoli  beneath 
the  epithelial  cells,  and  on  the  other  with  these  nodes.  Solid  particles — and  this 
includes  the  hacillus  tuberculosis  and  other  organisms — are  thus  enabled  to  pass  from 
within  the  aheoli  int<i  the  lvmphatic  spaces,  and  from  these  thev  are  forced  on  by 
the  respiratorv  movements  of  the  lungs  to  the  bronchial  nmles,  to  \vhich  aH  the 
Ivmphatics  convcrge.  These  nodes  often  contain,  especiallv  in  coal  miners,  or  in  the 
inhabitants  of  large  citios,  a  large  amount  of  hlačk  pigment,  consisting  of  minute 
particles  of  dust,   smoke   Tcarhon),    etc. ,   that  have  been  inhaled   (Tavlor). 

Caseation  and  ulceration  of  these  nodc*s  have  involved  the  trachea  fpage  1840), 
the  bronchi  (especiallv  the  right  one,  \vith  which  the  larger  number  are  in  close 
relation),  and  the  oesophagus  (page  1614),  directlv  in  front  of  vvhich  some  of  them  lie. 
Their  enlargement  has  also  produced  various  pressure  symptoms, — dyspnoea,  dys- 
phagia,  striduloiis   respiration,  etc, — \vhich  their  relations  easily  explain. 

Posterior  Mediastinum. — A  group  of  nodes — cesophago-pericardiac  (Leaf) — 
Iving  between  the  posterior  surface  of  the  pericardium  and  the  cesoj)hagus,  are  in 
close  relation  to  the  trunk  of  the  pneumogastric  nerve  and  its  ci^sophageal  branches. 
Their  infection — thnnigh  their  direct  connection  with  the  not  infrecjuentlv  infected 
i'»odes  in  the  neck  and  thorax  Iving  lx*t\veen  the  trachea  and  cesophagus — mav  produce 
symptoms  of  vagus  irritation.      It  has  been  thought  ( Ciuiteras;  that  these  nodes  and 
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thc  bronchial  nodes  are  especially  enlarged  in  influenza  and  rhat  some  of  the  anomalous 
pulmonary  syinptonis  of  that  diseasc — simutating  congestion,  pneumonia,  etc. .  are 
thus  accounted  for.  Marked  eniargement  of  the  bronchial  nodes  may  lx;  indicated 
by  an  area  of  percussion  dulness  below  the  level  of  the  fourth  dorsal  vcrtebra  (^'eoj. 

In  cancer  of  the  cesophagus  either  the  mediastinal  nodes  or  those  at  the  root  of 
the  neck  may  be  involved,  as  both  sels  receive  lyniphatics  from  that  tube.  Media.s- 
tinal  growth  (sarcoma)  or  af>scess  may  originale  in  these  nodes.  Either  condition 
— but  especially  the  neoplasm — will  occasion  marked  symptonis  of  pressure  on 
the  trachea,  bronchi,  ccsophagus,  and  superior  cava  and  innominate  veins, — e.g., 
dyspncea,  dysphagia,  a;denia  of  the  face,  neck,  and  upper  Umbs,  dilatation  of  the 
superficial  veins  of  the  abdomen  and  thorax. 

THE   LVMPHATICS   OF   THE   ABDOMEN. 

The  Lvmph-Nodes. 

The  principal  nodes  of  the  abdominal   region  are  those  associated  with   the 

viscera  and  those  siiuated  upon   the   posterior  wall  in  the  vicinity  of  the  aorta. 

A  few  small  and  inconstant  nodes  also  occur  upon  the  anterior  wail,  and  of  tbese  the 

most  important  are  the  epigastric,  the  circumfle.f  iliac,  and  the  umbilical  nodes. 

The  epigastric  nodes  { Ivmphoglaailulae  c|)i);astricae )  are  three  or  four  in 
numt>er  and  are  interposed  in  tlie  course  of  the  lymphatic  stems  uhich  accompany 


Fig.  815. 
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the  deep  epijjastric  vessels  (Fig.  815^;  thev  occur  touard  the  Iower  part  of  the 
vesseis  and  their  efferfnts  pass  to  the  tnvi-er  iliac  nodes. 

The  circumffex  iliac  nodes  are  frnm  two  to  foiir  in  number  whcn  prescnt. 
but  arf  not  unfrt'<|iient!y  uanting.  Thev  are  situated  along  the  course  of  the  deep 
cirrunillex  iliac  \ess(-!s  :  the\-  rfcc'i\-e  afftrrnli:  fri>ni  thc  lower  lateral  portions  of  the 
ahdnminal  wall,  and  send  rffi-ri-nls  to  thc  lowcr  iliac  nodes. 

Thc  umbilical  nodes  are  situated  in  the  subserous  areolar  tissue  in  ihc 
neighborhood  nf  thc  nmbilirus.  Thev  .are  thrt-e  in  numl>er.  one  bcing  situated  a 
little  bil()w  and  lo  one  side  of  the  iimbilicns,  and  the  other  two  above  the  umbilicus 

"  Itnll.  t-t  Mem.  .S<>ci<;tt  aniilom.,  1901. 
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in  the  median  line  (Fig.  815).  They  occur  in  the  net-work  which  covers  the 
posttrior  surface  of  the  sheath  of  the  rectus  muscles,  and  are  ap[)arently  of  inconstant 
occurrence. 

The  remaining  abdominal  nodes  may  be  regarded  as  arranged  in  two  principa! 
divisions,  one  of  which  includes  the  groups  associated  with  the  various  viscera,  uhile 
the  other  is  fornicd  by  the  groups  occurring  in  the  posterior  wall.  This  latter 
dtvision  may  be  separated  into  the  culiac  and  lumbar  nodes, 

The  cccliac  nodes  vary  in  number  from  sixteun  to  twenty,  and  are  situated  In 
front  of  the  abdominal  aorta,  around  the  origins  of  the  cceliac  a.xis  and  the  superior 
mesenteric  artery.  They  are  extensively  connected  with  one  another  so  as  to  form 
a  distinct  cceliac  plexus  (plesus  coeliacus).  They  receJve  affercnts  Irom  the  lower 
portions  of  the  oesophagus,  fruin  the  diaphragm,  and  from  the  gastrJc,  hepatic,  pan- 
creatico-si>ienic,  and  mesenteric  nodes  ;  the  efferenis  of  the  lower  nodes  pass  to  the 
higher  members  of  the  group  and  the  efferents  of  thesc  either  open  independendy 


Fig.  816. 


into  the  receptaculiim  chvli.  or,  more  iisiiallv.  unite  to  form  a  common  tmnk.  the 
truncus  intestinahs.  which  joins  the  left  lumbjir  trunk  to  form  one  of  the  origins  of 
the  thoracic  dnct  (page  94,1). 

The  lumbar  nodes  nympboelaadu1ae  lumbales)  are  twenty  to  thirtv  in  number. 
and  form  three  irregular  longitndinal  rows  along  the  course  of  the  abdominal  aorta 
(Fig.  816),  e.ttending  from  the  level  of  the  second  lunit>ar  vertebra  to  tlie  bifurcation 
of  the  aorta,  and  forming  with  the  aid  of  connecting  vessels  a  weil-marked  p!exus, 
the  fikxus  lumbalis.  The  niwtian  row  is  compose<l  of  some  five  or  six  large  nodes 
situated  upon  the  anterior  surface  of  the  aorta,  and  of  four  or  five  retro-aortic  nodea 
which  rt-st  upon  the  bodies  of  the  third  and  fourth  lumbar  vertebrje,  immediatelv 
bclow  the  lower  extremity  of  the  receptaculum  chvli.  Of  the  lateral  rows  that  of 
the  left  side  is  formed  by  a  niunlKrr  of  nodes  arranged  in  an  almost  vertical  series 
upon  the  successive  heads  of  the  psoas  muscle.     The  right  lateral  nodes  occupv  a 

•  Itull,  el  Mini.  SociiiH:  analom.,  igut. 
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corresponding  position  with  relation  to  the  right  psoas,  lying  posterior  to  thc  \'ena 
cava  inferior,  but  a  varying  numbcr  of  nodes  which  may  be  referred  to  this  group 
aiso  occur  upon  the  anterior  suriace  ol  that  vessci. 

Since  ali  the  nodes  are  united  by  communicating  vessels,  they  form  a  plexus  and 
»'ill  receive  afferenls  from  and  give  efferents  to  one  another.  In  addition,  the  median 
row  receives  affereiits  from  the  desccnding  colon  and  the  mesocolic  nodca,  while  the 
latcral  row9  receive  them  from  the  muscles  of  the  posterior  abdominal  walls,  (rom 
the  ihac  nodes,  (rom  the  testes  in  the  male  and  the  ovaries,  Fallopian  tubes.  and 
iiterus  in  the  fcmale,  and  from  the  kidneys  and  suprarenal  capsules.  The  efferents 
of  the  upper  nodes  of  the  median  row  pass  upward  to  terminate  in  the  louer  cueliac 
nodes,  while  those  of  the  lateral  rows  either  pass  to  the  nodes  o(  the  median  row. 
or  unite  together  to  form  on  either  side  a  common  trunk,  the  truncus  lumbalis, 
which  unites  with  its  fellow  to  form  the  receptaculum  chyli  (page  943J,  or  else 
they  perforate  the  crus  of  the  dlaphragni  and  open  mdependently  into  the 
thoracic  duct. 

The  visceral  abdominal  nodes  are  arranged  in  groups  or  chains  whlch  fullow 
in  general  the  princi[>al  visceral  branches  of  the  aorta,  those  following  the  branches  of 
the  coelbc  axis  and  the  superior  mesenleric  artery  communicating  by  their  efierents 

KiG.  817. 
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mainly  with   the  cceliac  nodes,    while  those  accompanying   the   inferior  mesentcric 
branches  a»nimunicatc  with  the  median  hmibar  nodes. 

Corresponding  with  the  branches  of  the  cceliac  axis  are  the  gastric,  hepatic.  and 
pancreatico-splenic  nodes.  The  gastric  nodes  consist  of  two  chains  <  hmpbo- 
Elandulae  sastricac  supcriorcs  «  inferiorcs)  siluated  respcctively  along  the  lesserand 
greater  curvatures  of  the  stomach.  The  superior  nodes,  three  to  fifteen  in  numbcr. 
are  situated  along  the  course  of  the  gastric  arter\-.  principally  along  the  lesser 
curvature  of  the  stomach  belween  the  two  layers  of  the  gasi  ro- h  epa  lic  omentum 
(Fig.  817),  allhough  a  few  also  occur  along  the  course  of  the  arterj-  before  it 
reaches  the  stomach  and  others  upon  the  left  side  o(  ihe  cardiac  orifice  of  the 
viscus.  The  inferior  nodes  are  situated  in  the  viciniiy  of  the  pyloric  end  of  the 
stomach,  partly  along  the  right  half  of  the  greater  curiature,  accompanving 
the  right  gastro-epiploic  vessels.  and  |>artly  on  tlie  posterior  suriace  of  the  py]onis 
along  the  course  of  the  gastro-duodenal  ves.sels.  The  gastric  nodes  recei\e  affermts 
fr()m  the  stomach  and  in  the  čase  of  the  retro-pjloric  nodes  also  from  the  first 
portion  of  the  ducKlenum,  and  thdr  fffcrents  pass  to  the  cceliac  nodes,  those  of 
the  siijjerior  groufi  following  the  course  of  the  gastric  vessels,  while  those  from  the 
inferior  grou|>  accomi)any  the  gastro-duodenal  and  hepatic  arteries. 

•  Deutsche  Zeitschritt  f.  Cliirurgie,  Bd.  lxix. 
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The  hepatic  nodes  (timphoglandulae  bepatkaej  are  more  or  less  clearl}'  arranged 
in  two  series.  One  series  acconipanies  the  main  stem  ot  the  hepatic  artery  along  ihe 
upper  border  of  the  head  of  the  pancreas  and  throughout  the  \ertical  portion  of  its 
course  in  the  free  margin  of  the  gastro- hepatic  omentum,  and  the  other  acconipanies 
the  superior  pancreatico-duodenal  branch  and  ascends  along  the  bile-duct  to  the 
portal  fissure.  The  afferenis  of  the  nodes  come  froni  the  hver,  the  head  of  the 
pancreas,  and  the  first  and  second  portions  of  the  duodenum,  and  their  efferents  pass 
to  the  ccehac  nodes. 

The  pancreatico-splenic  nodes  (IjmphoKliindulae  pancrealicohenales)  accom- 
pany  the  splenic  artery  throughout  the  greater  portion  of  its  course,  and  are 
consequendy  situated  along  and  partly  behind  the  upper  border  of  the  pancreas 
(Fig.  818),  They  vary  in  number  froni  four  to  ten,  and  thcir  afferents  come  from 
the  organs  supplied  by  the  splenic  artery, — naniely,  the  stomach,  pancreas,  and 
spfeen, — while  their  efferents  pass  to  the  cosliac  nodes. 

The  mescntcric  nodes  (lymphogtandulae  mesentericae)  are  from  one  hundred  to 
two  hundred  in  numljer,  and  are  arranged  along  the  superior  mesenteric  artery  and 
its  branches  to  the  small  intestine.  They  form  three  more  or  less  distinct  series, 
especially  towards  the  upper  portion  of  the  mesentery.      One  series,  in  which  the 


Fig.  818. 


nodes  are  more  nuinerous  and  smaller  than  the  others,  lies  close  to  the  intestine, 
among  the  terminal  branches  o(  the  artery  ;  a  second  consists  of  larger  scattered 
nodes  situated  along  the  primary  branches  of  the  arterj-  ;  »hile  the  third  series 
includes  the  closclv  aggregated  nodes  which  surround  its  main  stem.  To»ards  the 
lower  portion  of  the  ileum  the  distinction  of  the  first  and  second  series  becomes 
less  and  less  apparent.  and  at  the  junction  of  the  ileum  and  ca-cum  the  nodes  form  a 
single  group,  situated  a  short  distance  from  the  intestine  between  the  tivo  lavers  of 
the  mesenterv.  These  nodes  are  sometimes  tormed  the  ileo-csccal  nodes,  and 
associated  with  thcm  by  means  of  its  efferents  is  a  \ariable  group  of  small  nodes, 
the  appendicular  nodes,  situated  partly  in  the  fjase  of  the  mesenteriole  of  the 
appendix  and  ]>arlly  in  the  immediate  vicinity  of  the  junction  of  the  ileum  and 
csecum  ("Fig.  820). 

The  various  series  of  nodes  are  connected  with  one  anolher  hy  vessels,  which  in 
this  region  are  known  as  lacteals,  and  the  nodes  of  the  first  series  receive  their 
affirenls  from  the  wulls  of  the  small  intestine,  and,  in  the  čase  of  the  ileo-cjecal  nodes, 
from  the  ctcum  and  vermiform  appendis.  The  effereiils  of  the  nodes  of  the  third 
series  pass  to  thosc  nodes  of  the  cceliac  group  which  are  situated  around  the  origin 
of  the  superior  mesenteric  arterv. 

•  Jour  de  Tanal.  et  de  la  physiol.,  Tome  xxxvi.,  1900. 
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The  nodes  which  are  associated  with  the  abdominal  portions  of  the  large  intestine 
are  knovvn  as  the  mesocolic  nodes  (Ijmphoglandulae  mesocolicae)  and  they  consist 
of  from  twenty  to  fifty  small  nodes  which  are  situated  close  to  the  intestine  (Fig.  8i8). 
Their  afferents  are  received  from  the  entire  length  of  the  large  intestine,  with  the 
exception  of  the  caecum  and  appendix  and  the  rectum,  and  the  efferents  of  the  nodes 
associated  with  the  ascending  colon  and  the  right  half  of  the  transverse  colon  pass  to 
the  lower  coeliac  nodes,  vvhile  those  of  the  nodes  associated  with  the  left  half  of  the 
transverse  colon  and  with  the  descending  and  sigmoid  colons  pass  to  the  median  row 
of  lumbar  nodes. 

In  addition  to  the  nodes  which  are  properly  included  in  the  mesocolic  group 
there  are  a  number  of  small  nodes  situated  upon  the  lateral  walls  of  the  upi>er  part  of 
the  rectum,  along  the  lines  of  the  superior  hemprrhoidal  vessels  (Fig.  821).  These 
ano-rectal  nodes  are  from  two  to  eight  in  number  on  each  side,  and  are  situated 
beneath  the  fibrous  investment  of  the  rectum,  resting  direcdy  upon  the  outer  surface 
of  the  muscular  coat.  They  receive  their  afferents  from  the  neighboring  portions  of 
the  wall  of  the  rectum  and,  in  the  female,  from  the  posterior  surface  of  the  vagina, 
and  their  efferents  pass  to  the  mesocolic  nodes  situated  in  the  lower  part  of  the 
mesentery  of  the  sigmoid  colon. 

The  Lvmphatic  Vessels. 

The  Abdominal  Walls.  —  The  anterior  abdominal  wall,  as  regards  its 
lyTnphatic  vessels,  may  be  divided  into  a  supra-  and  an  infra-umbilical  region.  Tlie 
lymphatics  of  the  former  area  belong  in  reality  to  the  thoracic  cutaneous  set,  passing 
upward  to  join  the  thoracic  stems  which  terminate  in  the  anterior  pectoral  nodes  of 
the  axillary  plexus.  The  vessels  of  the  infra-umbilical  region,  on  the  contrar}', 
descend  to  terminate  in  the  inguinal  nodes.  Along  the  line  of  junction  of  the  tu'o 
regions  anastomoses  occur  and  the  vessels  of  the  right  half  of  the  abdominal  wall  also 
communicate  with  those  of  the  left  half.  The  subcutaneous  vessels  of  the  posterior 
abdominal  and  lumbar  regions  anastomose  with  the  corresponding  vessels  of  the 
posterior  thoracic  region  above,  and  belovv  wirh  those  of  the  gluteal  region.  They 
form  an  extensive  net-work,  from  which  stems  pass  downward  and  fonvard,  parallel 
with  the  crest  of  the  ilium,  to  terminate  in  the  inguinal  nodes. 

The  lymphatic  net-work  of  the  deeper  structures  of  the  abdominal  wa]ls  is 
drained  by  a  number  of  stems  which  follow  in  general  the  courses  of  the  blood- 
vessels.  Thus,  the  stems  vvhich  lead  away  from  the  upper  portion  of  the  abdominal 
wall  pass  upward  along  the  course  of  the  superior  epigastric  vessels  to  terminate  in 
the  lower  sternal  nodes  ;  another  set  follows  the  course  of  the  deep  epigastric  vessels 
to  terminate  in  the  lower  iliac  nodes,  after  tra\'ersing  the  epigastric  nodes  ;  another 
accompanies  the  deep  circumflex  iliac  vessels,  draining  the  lower  portions  of  the  lateral 
walls  of  the  abdomen,  traversing  the  circumflex  iliac  nodes,  and  also  terminating  in 
the  iliac  nodes  ;  while  other  sets  accompany  the  lumbar  vessels  and  terminate  in  the 
lateral  rows  of  lumbar  nodes.  Abundant  Communications  exist  between  the  vessels  of 
adjacent  drainage  areas  and  from  the  region  of  the  umbilicus  the  lymph  flow  may  follow 
any  one  of  the  paths  mentioned  above.  Attention  may  be  called  to  the  occasional 
presence  of  nodes  in  the  course  of  the  vessels  arising  in  the  umbilical  region  (f>age  972). 

The  Stomach. — ^The  lymphatics  of  the  stomach  have  their  origin  in  two 
net-works,  one  of  which  is  situated  in  the  mucosa  and  the  other  in  the  muscular 
coat.  The  net-work  of  the  mucosa  occurs  unintcrruptedly  throughout  the  entire 
extent  of  the  gastric  surface  and  is  continuous  with  the  corresponding  net-works  of 
both  the  cesophagus  and  duodenum.  From  its  deeper  surface  branches  p>ass  to  a 
more  open  net-work  situated  upon  the  outer  surface  of  the  submucosa,  and  from  this 
stems  travcrsc  the  muscular  coat  obliquely  to  terminate  in  a  subserous  net-work  which 
also  receives  branches  from  the  net-work  of  the  muscular  coat.  Connections  between 
the  muscular  and  mucous  net-\vorks  occur,  but  they  are  so  indirect  that  an  extensive 
canccrous  infection  of  the  mucosa  may  reach  the  outer  layers  of  the  stomach  only  at 
limited  arcas  at  some  distance  from  one  another. 

The  suhscTous  nct-\vork  \vith  which  both  primary  net-works  communicate  gives 
origin  to  a  number  of  stems  \vhich  pass  to  the  gastric  nodes,  and  the  course  which  the>* 
follow  is  such  that  the  entire  surface  of  the  stomach  may  be  regarded  as  presenting 
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three  more  or  less  distinct  lymphaiic  areas  (Fig.  817).  Not  that  the  areas  are 
per(ectly  separated  Irom  one  another  ;  on  the  contrary,  tht  subserous  nel-work  is 
continuous  ,over  the  entire  surface.  But  the  collectiiig  stems  from  each  area  follow 
a  definite  route  toward  different  node  groups.  The  largest  oi  these  areas  occupies 
roughly  the  whole  of  the  upper  border  of  the  stomach  from  the  fundus  to  the 
pylonis,  and  extends  downward  on  either  surface  to  abuut  two-lhirds  of  the  distance 
to  the  greater  curvature.  Its  coUecting  stems  ali  pass  to  the  superior  cardiac  nodes. 
The  second  area  occupies  about  the  pyloric  two-thirds  of  the  greater  curvature,  and 
its  efferents  pass  to  the  inferior  gastric  nodes,  ivhile  the  third  and  smallest  area 
occupies  the  lower  part  of  the  fundus  and  the  cardiac  one-third  of  the  greater 
curvature,  and  sends  its  efferents  to  the  splenic  nodes.  It  may  be  remarked  that 
these  areas  correspond  in  a  general  way  with  the  areas  drained  by  the  principa!  veins 
arising  in  the  stomach  walls.  Thus,  the  large  upper  area  corresponds  in  general  with 
the  drainage  area  of  the  gastric  vein,  the  lower  pyloric  area  to  that  of  the  right 
gastro-epiploic  vcin,  and  the  lower  cardiac  area  to  that  of  the  left  gastro-epiploic. 
It  may  further  be  noted  that  while  the  subserous  net-work  communicates  with  the 
superficial  net-work  of  the  cesophagus,  it  seems  to  be  conipletely  cut  off  from  connec- 
tion  »ith  the  corresponding  duodenal  net-work,  an  arraiigement  which  is  in  striking 
contrast  to  the  continuity  which 
exists  between  the  gastric  and 
duodenal  mucosa  net-works  and 
explains  the  rare  extension  oi  a 
carcinomatous  infection  of  the 
pylorus  to  the  duodenum  by  the 
subserous  route. 

The  Small  Intestine. — 
Throughout  the  entire  length  of 
the  intestine.  both  small  and  large, 
the  lymphatic  net  -  works  are 
arranged  in  two  sets,  one  of  which 
is  situated  in  the  mucosa  and  the 
other  in  the  muscuhr  coat.  The 
two  net-works  are  more  or  less 
indepemlent,  thou^h  communicat- 
ing  branches  occur,  and  both  open 
into  a  sul>serous  net-work  from 
which  coUecting  stems  ari 

The  stems  which  pass  from 
the  duodenum  are  divisible   into 

two  groups  according  as  they  arise  Irom  the  anterior  or  posterior  surface.  Those 
coming  from  the  anterior  suriace  pass  to  the  chain  of  nodes  situated  along  the 
course  of  the  inferior  pancreatico- duodenal  arterj',  and  so  to  the  cceliac  nodes, 
which  surround  the  origin  of  the  superior  mesenteric  artery,  while  the  posterior 
stems  pass  to  the  he|>atic  no<Ies  situated  along  the  course  of  the  superior  pancreatico- 
duodenal  ves.sels  and  so  to  the  coeliac  nodes  which  surround  the  cceliac  a.xis.  Some 
of  the  stems  which  take  their  origin  from  the  first  |iart  nf  the  duodenum  pass  to 
those  nodes  of  the  inferior  gastric  group  which  are  situated  upon  the  posterior 
surface  of  the  i)ylnric  ri.'gii)n  nf  the  stomach.  and.  since  these  nodes  also  receive 
afierents  from  the  [ivlorus.  they  afiord  opportunitv  for  the  transference  of  a  superficial 
infection  from  ihe  pylonis  to  the  duodenum.  a  direct  route  for  infection  in  thia 
direction  In-ing  »anting  (see  above), 

The  cfillcctinir  stems  of  the  jejunum  and  ileum  pass  to  the  first  series  of 
mesenteric  nodes.  situate<i  along  the  line  of  attachmont  uf  the  mescntery  to  the 
intestine,  an<i.  after  iraversiiig  these.  are  aintiniied  onward  to  the  second  and  third 
series  of  nodes.  «hose  efferents  pass  to  the  cceliac  n<Kles  surroumiing  the  origin  of 
the  superior  mesenteric  artery.  The  vessels  issuing  from  the  jejimo-ileum  are  ustially 
spoken  of  as  the  lacteals,  on  account  of  their  contents,  cspecially  at  tinies  when 
absorption  of  fnod  constiiuenis  is  proceeding  rapidlv  in  tlie  intestine,  having  a  mjlky 
appeanmce.  owing  to  the  prescnce  of  nunierous  fat  globules  in  the  Iymphocytes. 
63 
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The  Large  Intestine. — The  two  sets  of  I/mphatic  net-works  characteristic  of 
mucous  membranes  uccur  in  the  walls  of  the  large  intestine,  and  they  comniunicate 
with  one  another  and  linaily  open  into  a  subserous  net-work  froni  which  collecting 
stems  take  origin.  In  the  vermiform  appendix  (Fig.  820)  these  collecting  stems  are 
from  three  to  five  in  number  and  pass  upward  in  the  nieaenteriole  to  lerminate  in 
the  appendicular  nodes  or,  in  the  absence  of  these,  directly  in  the  ileo-ca;cal  nodcs. 
The  subserous  net-work  of  the  base  of  the  appendix  communicates  freely  with  that  of 
the  cascum,  whose  collecting  stems  have  essentially  the  same  coursc  as  those  of  the 
appendix,  passing  primarily  to  the  appendicular  nodes  situated  in  the  neighborhood 
of  the  ileo-c;ecal  junction  and  thence  to  the  ileo-Liecal  nodes.  The  ultimate  nodes 
of  the  appendicular  and  c^ecal  systems  are  situated  in  the  root  of  the  mesentery  along 
the  course  of  the  superior  mesenteric  vessels  ;  they  belong  to  the  group  of  mesenteric 
nodes  and  receive  their  afferents  in  part  from  the  ileo-cxcal  nodes. 

Communicaiions  have  been  described  as  eiisting  between  the  appendicular  ]ymphatics 
and  those  of  the  broad  ligament  of  the  uterus  aa  well  as  the  Jliac  nodes.  The  more  rečeni 
observalions  have  failed,  however,  to  confirm  the  existence  of  any  direci  connection  wiih 

these  structuies,  and  pathuloK- 
Fio.  S2U.  ical   condLtions   of   the   hniad 

ligament  and  iliac  nodes  asso- 
ciated  with  acute  ^ipendicitis 
may  perhaps  be  due  to  a 
dissemination  of  the  infecUon 
Ihrough  the  subperitoneal  nel- 
work  by  way  of  the  so-called 
appendiculo-ovarian  hgament. 

The  collecting  stems 
from  the  subserous  net- 
work  of  the  ascending  coltm 
pass  primarily  to  some  in- 
constant  mesocolic  nodes. 
j„  situated  along  the  line  of 
attachment  of  the  colon  to 
the  abdominal  wall,  and 
thence  are  continued  along 
the  lines  fDllowed  by  the 
right  colic  vessels  to  the 
superior  mesenteric  nodes. 
''\'j^aand  ji'Z^'u%',"^'^  '""  **™'*'  The  stems  from  the  trans- 

verse  colon  have  a  more 
varied  course  in  accordance  with  the  arrangement  of  the  blood- vessels.  They  pass 
primarily  to  a  series  of  mesocolic  nodes  situated  between  the  layer5  of  the  transverse 
mesocolon  close  to  the  intestine  ;  these  are  of  larger  size  and  more  numerous  than 
the  nodes  associated  with  either  the  ascending  or  descending  colon  and  are  especially 
weil  developed  toward  either  angle  of  the  colon,  Their  efTerents  pass  prindpally 
to  some  four  or  five  nodes  situated  along  the  course  of  the  middle  colic  vessels  and 
thence  to  the  third  group  of  mesenteric  nodes,  but  those  from  the  vicinity  of  the 
splenic  flexure  follow  the  course  of  the  branches  of  the  left  colic  vessels  and  so  pass 
to  the  nodes  of  the  median  lumbar  group  situated  in  the  neighborhood  of  the  inferior 
mesenteric  artery.  The  lymphatics  of  the  transverse  colon  communicate  5omewhat 
e.xtensively  with  those  of  the  great  omentum,  as  the  result  of  the  attachment  of  the 
latter  to  the  colon,  and  they  are  thus  placed  in  connection  with  the  inferior  gastric 
and  splenic  nodes. 

The  collecting  stems  from  the  descending'  coltm  and  sigmoid  f]exure  pass 
primarily  to  mesocolic  nodes  situated  closc  to  the  attached  surface  of  the  intestine, 
and  thence  follow  the  courses  of  the  left  colic  and  sigmoid  vessels  to  the  median 
lumbar  nodes  situated  in  the  vicinity  of  the  origin  of  the  inferior  mesenteric  anerj-. 

•  Deutsche  Zeitschrift  f.  Chirurgie,  Bd.  Ixix. 
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The  mesocolic  nodes  associated  with  the  descending  colon  are  less  numerous 
and  smaller  than  those  of  the  sigmoid  fieKure  and  resemble  in  appearance  and 
arrangcment  those  of  the  ascending  colon. 

The  lymphatics  of  the  rectum  (Fig.  82 1),  a)though  belongingin  largepart  to  the 
pelvic  region,  inay,  for  the  sake  of  completeness  of  the  account  of  the  intestinal 
Iymphatics,  be  considered  here  in  their  entirety.  Of  the  lwo  primary  net-works  that 
of  the  muscular  coat  is  iiijected  orly  with  ditficulty,  bul  it  comniunicates  with  the 
miicosa  net-ivork  and  its  collecdng  stems  follow  the  same  course  as  those  of  the 
deeper  net-work.  In  the  mucosa  net-work  two  zones  niay  be  distinguished,  one  of 
which  includes  the  greater  pordon  of  the  net-work  and  extends  do»n  to  the  lower 
ends  of  the  columns  of  Morgagni,  while  the  other  includes  that  portion  of  the  mucosa 
intervening  between  that  level  and  the  anal  integument.  The  upper  zone  inay  be 
termed  the  net-work  of  the  rectal  mucosa,  while  the  lower  one  may  be  designated 
as  the  net-work  of  the  anal 

mucosa,   since  the  region  in  Via.  Sat, 

which    it    occurs    forms    the 

transition    between    the    mu-  _j 

cosa  and  the  anal  integument. 

The  collecting  stems 
from  the  net-work  of  the 
rectal  mucosa  traverse  the 
muscular  coat  and  enter  into 
relation  with  the  ano-rectal 
nodes  (  page  976  ).  After 
tra\ersing  these  they  are 
continued  onward  along  the 
course  of  the  superior  hemor- 
rhoidal  vessels  and  open  into 
the  lower  mesocolic  nodes, 
from  which  efferents  pass  to 
the  median  lumbar  nodes 
situated  in  the  neighborhood 
of  the  origin  of  the  inferior 
mesenteric  artery.  The  net- 
work  of  the  an:il  mucosa  sends 
numerous  branchea  upward  to 
communicale  with  the  lower 
part  of  the  rectal  mucosa  net- 
work.  These  branchcs  trav- 
erse for  the  most  part  the 
columns  of  Morgagni  inwhich 
they  are  so  numerous  as  to  earn  for  themselves  the  appcilation  of  glomi  lymphatici, 
while,  on  the  other  hand,  the  mucosa  of  the  depressions  between  the  columns  is 
comparatively  jKior  in  lymphatics.  Some  collecting  stems  from  the  anal  mucosa 
perforate  the  muscular  coat  and  l>ass  to  the  ano-rcctal  nodes,  and  thence  along  with 
the  stems  from  the  rectal  mucosa  to  the  lower  mesocolic  nodes,  while  others  follow 
the  course  of  the  middle  hemorrhoidal  vessels  and  torminate  in  nodes  belonging  to 
the  hypogarttric  group  (page  984)  situated  at  the  point  where  the  internal  iliac 
artery  divides  into  its  lea.sh  of  branches,  or  else  at  the  level  of  the  great  sacrO'Sciatic 
notch,  a  little  lx-low  the  |>oint  where  the  obtunitor  vein  joins  the  internal  iliac. 

The  Ivmphatics  of  Ihe  anal  integument  will  be  considered  together  with  those  of 
the  perineal  region  ({Mge  9S7). 

The  Pancreas. — The  lymphatics  of  the  pancreas  take  their  origin  from  a 
perilobular  net-work  from  which  collecting  stems  pass  to  the  ncighboring  nodes, 
follouing  the  course  (if  the  blood-vessels  which  siipply  the  gland.  The  great  ma)ority 
of  them  p:iss  10  the  chain  of  splenic  nodes  which  e.xtends  along  the  upper  border  01 
the  pancreas,  but  those  of  the  head  of  the  gland  pass  in  part  to  no<les  of  the  hepatic 
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group,  following  the  course  of  the  superior  pancreatico-duodenal  vessels,  while  othera 
agaiii  acconip3ny  the  inferior  pancreatico-duodenal  vessels  to  tcmiinate  in  nodes 
belonging  to  the  mesenteric  group. 

The  Liver. — The  lymphatics  of  the  liver  are  arranged  in  perilobular  net-works 
from  which  stenis  pass  in  two  principal  directions ;  those  which  come  from  the  deeper 
portions  ol  the  net-work  folloiv  the  course  of  either  the  portal  or  hepatic  venous 
branches,  while  ihose  arislng  from  the  net-works  surrounding  the  more  superficial 
lobules  pass  to  the  surface  ol  the  liver,  upon  which  they  anastomose  extensively  tO 
form  a  subserous  net-work  Irom  which  efierent  slems  arise. 

The  deep  efferents  which  accompany  the  branches  of  the  portal  vein  take  their 
course  in  the  substance  of  the  capsule  of  Glisson,  two  or  three  slems  accompanying 
each  of  the  larger  branches  of  the  vein  and  anastomosing  with  one  another  to  form 
a  plexus  around  the  vessel  and  the  acconipanying  branches  ol  the  hepatic  artery  and 
bile-duct.  As  the  branches  of  the  vein  are  lollowed  to  their  union  to  form  larger 
trunks,  the  acconipanying  lymphalics  unite  to  a  considerable  extent,  so  that  from 
fifteen  to  twenty  stems  emerge  at  the  transverse  fissure  and  terminate  in  the  hepatic 

Fio.  831. 


S  Ing  10  one  of  the  iiodei  sunoundl'ng'tn[erior''«va°|r')  as"it%i'!lers''l^uTa]i :  #,  Irunk  mm^  fno  inlcrk?uit. 
e  o(  rijtht  lobe  attd  »mpl)inK  ai  hilum  iiilo  nod«  reslinit  on  n«ck  ol  |r«Ll-bladd*r :  c.  Irunki  arlting  ncar  call- 
bUdder  >nd  fiomE  to  Utvm  hiTiim-nod« :  rf,  trunka  ninnin)-.  on  aliacbcd  suilnce  of  KiH-hladdcr ;  e.t.e.  tnuiki 

nodea;  /./,/.  caval  nodes  reciiving  v^efs^rom  SpiMlfa"^! 'lobeY(r):"*°*.  P"Tn:i|».l  Ininlts  o(  Ml  iobt-  t.  ",T 
trunks  Ihst  arisc  from  superliclal  net-woTlis  nnd  dip  mlo  livec  10  |oln  vnscls  In  rapsulc  of  Glisson;  J.  trnnks 
Inm  superior  lurdice  ol  liver  svhich  Io1Idw  round  ligamcnl  10  hilum-nodn:  i.  trunks  liDin  superkif  sarfacc  Oat 

■  (it),  noiles  connected  vith  terminal  [<art  o[  <«opha|tus  :    0.  o,  o  lij),  hilum  nodes  irhich  rcccive  ali  Imnks 

nottes  situated  in  the  lissure.  The  stems  which  accompany  the  branches  of  the 
he|>atic  vein  also  form  more  or  less  distinct  plexuses,  and,  whcn  they  emerge  from 
the  li\or  substance,  are  Irom  five  to  six  in  number.  They  continue  upward  along 
the  inferior  vena  cava,  pass  with  it  through  the  diaphragm,  and  terminate  in  the  nodes 
situated  on  the  convex  surface  of  the  tiiaphragm  aronnd  the  orifice  lor  the  vena  ca\-a. 
The  siipcrfirial  vessels  have  more  diversified  courses,  and  it  will  l>e  convenient 
to  considor  them  as  iK-lnnging  to  two  groups  according  as  they  arise  from  the 
superior  or  inierior  surface  ol  the  liver.  And  first  those  arising  irom  the  net-work 
of  the  superior  surface  mav  Ik;  dcscribcd.  Those  which  arise  toward  the  posterior 
portion  of  the  surfari'  of  both  the  right  and  lelt  lobcs  pas-f  mainlv  toward  the  vena  cava 
inferior  aiid  ascend  with  it  through  tbo  diaphragm  to  terminate  in  the  nodes  situated 

"  Descriptiori  et  Icoriograpliie  des  \'.iissfaiix  Ivmphatigues,  1874, 
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around  the  opening  for  the  vena  cava.  From  the  more  lateral  portions  of  each 
lobe,  however,  the  collecting  stems  take  a  different  course,  those  from  the  right  lobe 
uniting  to  form  a  single  stem  which  passcs  backward  between  the  layers  of  the  right 
lateral  (triangular)  ligament,  and  then  passes  medially  over  the  surface  of  the  right 
crus  of  the  diaphragm  to  terminate  in  the  nodes  surrounding  the  coeliac  axis.  Those 
from  the  lateral  portions  of  the  left  lobe  pass  backvvard  between  the  layers  of 
the  left  lateral  (triangular)  ligament  and  terminate  in  the  nodes  of  the  superior 
gastric  group  which  are  situated  in  the  neighborhood  of  the  cardiac  orifice  of  the 
stomach. 

The  collecting  stems  of  the  anterioi"  portion  of  the  superior  surfcue  are  relatively 
small  and  are  more  conspicuous  on  the  right  lobe  than  on  the  left.  They  pass 
forward  and  downward  to  curve  around  the  anterior  border  of  the  liver,  and  join  with 
the  stems  arising  from  the  quadrate  lobe  and  gall-bladder  to  pass  with  these  to  the 
hepatic  nodes  situated  in  the  transverse  fissure.  Finally,  much  more  important  than 
these,  is  a  group  of  vessels  vvhich  arise  from  a  rich  subserous  net-work  situated  along 
the  line  of  attachment  of  the  suspensory  (falciform)  ligament.  Some  of  these  vessels 
take  a  backward  course  toward  the  vena  cava  and  accompany  the  other  vessels  of 
the  superior  surface  which  terminate  in  the  caval  diaphragmatic  nodes,  and  others 
pass  fonvard  until  they  meet  the  upper  portion  of  the  round  ligament,  which  they 
follow  to  reach  the  nodes  situated  in  the  transverse  fissure.  The  remaining  stems  of 
the  group,  from  three  to  ten  in  number,  pass  for\vard  and  upvvard,  bets^-een  the  layers 
of  the  suspensory  ligament,  toward  the  under  surface  of  the  diaphragm,  traverse 
that  structure  near  its  anterior  attachment,  and  come  into  connection  with  a 
number  of  small  nodes  situated  behind  the  xiphoid  process  of  the  sternum.  From 
these  they  are  čontinued  upward  along  the  course  of  the  internal  mammary  vessels 
to  terminate  in  the  lower  nodes  of  the  inferior  deep  cervical  group,  usually  upon  the 
left  side,  rarely  up>on  the  right.  This  path  is  of  importance  as  furnishing  a  direct  route 
by  vvhich  the  metastasis  of  the  left  supraclavicular  nodes,  frequently  induced  by 
abdominal  carcinomata,  may  be  produced.  It  must,  furthermore,  be  noted  that 
both  these  vessels  and  others  vvhich  arise  from  the  superior  surface  of  the  liver  com- 
municate  somewhat  extensively  with  the  net-work  occurring  on  the  under  surface  of 
the  diaphragm,  and  since  this  net-work  communicates  abundantly  with  that  of  the 
thoracic  suriface  of  the  diaphragm,  and  this  again  \vith  the  vessels  of  the  pleurae, 
opportunity  is  afforded  for  the  development  of  pleuritis,  especially  upon  the  right 
side,  as  a  result  of  a  subdiaphragmatic  infection. 

Turning  now  to  the  stems  arising  from  the  superficial  net-work  of  the  in/erior 
surface  of  the  liver,  it  will  be  found  that  they  pass  principally  to  the  hepatic  nodes 
situated  in  the  transverse  fissure,  at  least  these  nodes  form  the  termination  for  the 
vessels  passing  from  the  left  and  quadrate  lobes,  the  left  half  of  the  Spigelian  and 
the  anterior  and  middle  portions  of  the  right  lobe.  Those,  hovvever,  which  take 
their  orig^n  tovvard  the  posterior  part  of  the  right  lobe  and  from  the  right  half  of 
the  Spigelian  pass  to  the  vena  cava  and,  ascending  along  it,  terminate  in  the  dia- 
phragmatic nodes  surrounding  its  opening  into  the  thorax. 

The  Ivmphatics  of  the  gall-bladder  and  cominon  bile-duct  have  their  origin 
in  two  net-works,  one  of  which  is  situated  in  the  mucosa  and  the  other  in  the  muscular 
coat.  EfFerents  from  both  net-works  pass  to  the  surface  to  form  a  superficial 
net-work,  from  vvhich  collecting  stems  f>ass,  in  the  čase  of  the  gall-bladder  to  the 
nodes  situated  in  the  transverse  fissure,  and  in  the  čase  of  the  duct  for  the  most 
part  to  a  chain  of  nodes  helonging  to  the  hepatic  group,  uhich  occurs  along  the  line 
of  the  duct  in  the  edge  of  the  gastro-hepatic  omentum  ;  those  from  the  lov%'er  portion 
of  the  duct,  hovvever,  associate  themselves  with  stems  from  the  duodenum  and  head 
of  the  pancreas  vvhich  open  into  the  uppermost  nodes  situated  along  the  course  of 
the  superior  pancreatico-duodenal  vessels. 

Statcd  in  brief.  the  dcstinations  of  the  hepatic  Ivmphatics  are  principally  the 
hepatic  nodes  situated  in  the  transverse  fissure  and  the  diaphragmatic  nodes  vvhich 
surround  the  opening  of  the  inferior  vena  cava.  A  vessel  from  the  right  lobe  also 
passes  to  the  coeliac  nodes,  some  from  the  left  lobe  to  the  superior  gastric  nodes, 
and  an  important  group  passes  up  in  the  suspensory  ligament  to  communicate  with 
some  of  the  anterior  diaphragmatic  nodes  and  terminate  in  the  lower  inferior  deep 
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cervical  nodes.  Finally,  it  is  to  be  remembered  that  numerous  communicatiuns 
exist  betvveen  the  superficial  hepatic  lyniphacics  aiid  tliose  which  form  the  net-worlc 
on  the  abdoininal  surface  of  the  diaphragm. 

The  Splecn. — The  lyinphatics  o(  the  spleen  are  arranged  in  a  superficial  and 
a  deep  set,  numerous  Communications  occurring  between  the  two,  The  \essels 
of  the  superticial  sct  are  subserous  in  position  and  converge  toward  the  hilus  lo 
terminate  Jn  the  adjacent  pancrealjco-aplenic  nodes,  to  which  the  deep  lymphatics, 
which  accompany  the  blood-vessels  of  the  spleen,  aiso  pass. 

The  Kidneys  and  Uretera. — The  lymphatics  of  the  kidney  form  three  net- 
works,  one  of  which  is  situated  in  the  cortical  tissue  of  the  kidney,  the  second,  uhose 
meshes  are  very  fine,  is  situated  immediately  beneath  the  tibrous  capsule,  vthile  the 
third  occurs  beneath  the  peritoneum  in  the  superficial  portions  of  the  adipose  capsule. 
The  eflerents  of  the  cortical  net-work  follow  the  branches  of  the  renal  vessels 
through  the  medullary  substance  and  emerge  at  the  hilus  in  the  form  of  Irom  four  to 

seven  vessels,  which  pass 
toward  the  median  lino  of 
the  posterior  abdominal 
wall  along  the  course  of 
the  renal  veins,  and  termi- 
nate in  the  upper  nodes  of 
the  lateral  lumbar  groups 
(  Fig.  823),  Those  which 
come  frora  ihe  right  kid- 
ney  terminale  panly  in 
nodes  wh[ch  lie  in  front 
of  the  inferior  vena  ca\a. 
and  partly  in  two  or  three 
large  nodes  M*hich  are 
situated  behind  that  vcssel 
upon  the  right  crus  of  the 
diaphragm.  The  efierents 
from  these  nodes  pierce 
the  crus  and  terminate 
directly  in  the  thoracic 
duct.  The  uppermost 
,^t  ^M^  y   y/         '—•^K'^  nodes  to  which  the  vessels 

^^  -     ^^^"^^^Z ^^^j^r~~^  of    the   left    kidney    pass 

^"^  - ^^"^^^-'■^^B^^^  '-'"""  are  situated  upon  the  left 

crusof  the  diaphragm  and 
their  eflerents  aIso  pierce 
the  crus  to  open  into 
the  thoracic  duct  :  the  efTerents  from  the  remaining  nodes  concerned  unite  » ith 
those  of  ihc  other  lateral  lumbar  nodes  to  form  the  lumbar  trunks  which  open 
into  the  receptaculum  chvli. 

The  net-work  which  lies  beneath  the  fibrous  capsule  cnmmunicates  with  both  the 
corticaland  subserous  net-works.  and  ils  drainage  is  probably  niainly  through  these  : 
a  feM'  stems,  howcver,  pass  tovvard  the  hilus,  beneath  the  capsule,  and  unite  uith 
the  torniinal  eflerents  from  thf  cortical  net-work,  there  being  no  direct  connection 
bet«een  the  net-uork  and  the  Inmbar  nodes.  The  čase  is  diflerent  with  the  subserous 
net-\vork,  its  efierents  pa.>Ming  to  the  upper  lateral  lumbar  nodes  quite  independentlv 
of  the  cortical  cRerents.  As  alreadv  iioted,  it  has  abundant  communication  with 
the  net-work  beneath  the  fibrous  capsule.  and  through  this  with  the  cortical 
net-wnrk,  sn  ihat  infections  of  the  kidney  tis.sue  are  readily  communicated  to  the 
adipose  capsule. 

The  Ivmphatic  net-works  of  the  ureters  appear  to  be  limited  to  the  muscular 
coal  anil  thi-  siirfarp  of  the  ducts  (Sakata).  The  eflerents  nhich  arise  from  the 
upper  portions  of  the  net-works,  that  is  to  say  from  the  portions  above  the  level  at 
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Fig.  814. 


which  the  ureter  is  crossed  by  the  spermatic  (ovarian)  artcry,  pass  upnard  to  unite 

with  the  renal    efferents  or  occasionally  to  terminate  directly  in  the  upper   latera) 

lumbar  nodes  (Fig.  824).     The  majorit/ 

of  the  efferents  arise  from  those  portions  of 

the  ducts  intervening  betweeii  the  crossing 

ol   the  spermatic    (ovarian)    arteries    and 

the  level  at  which  the  ureters  cross  the 

common  lliac  vessels  to  enter  the  pelvis, 

and  these  vessels  pass  either  to  the  lower 

lateral  lumbar  nodes,  or  else,  in  the  čase 

of    the    lower    ones,    to   the    upper   iliac 

nodes.      Finally.    the    efferents    from    the 

pelvic  portions  of  the  ureters  either  unite 

with  the  vessels  passing  from  the  bladder, 

or  else  communicate  directly  with  certain 

of  the  hypogastric  nodes. 

In  and  beneath  the  6brous  capsule 
of  the  suprarenal  bodies  a  lymphatic 
net-work  occurs,  whose  efferents  on  the 
one  hand  join  the  renal  lyniphatics,  and 
on  the  other  pass  into  the  substance  of 
the  organs  to  communicate  with  a  net- 
work  situated  in  the  glomerular  portion 
of  the  cortex.  From  this  latter  net-work 
stems  pass  centrally  in  the  partitions 
between  the  celi  columns  of  the  cortex  to 
unite  with  a  rich  plexus  which  traverses 
ali  portions  of  the  mcdullary  substance. 
The  main  stems  of  this  plexus  follovv  the 
course  of  the  suprarenal  blood-vessels  and 
emerge  at  the  hilus  of  the  organ  as  four 
or  five  stems,  which  pass  to  the  upper 
lateral  lumbar  nodes.  Some  of  the  stems  are  aiso  said  to  pierce  the  crura  of  the 
diaphr^gm  and  terminate  in  the  lower  nodes  of  the    posterior  mediastinal  group. 

THE    LVMPHATICS   OF   THE   PELVIS. 
The  Lvmph-Nodes. 

The  pelvic  lymphatic  nodes  are  arranged  along  the  courses  of  the  principal 
vessels,  and  may  conveniently  be  divided  into  three  groups,  the  iliac,  the  hypogastric. 
and  the  sacral  nodes.  In  addition  some  small  inconstant  nodes  occur  in  association 
with  the  bladder  and  these  will  be  described  in  connection  with  the  vessels  arising 
from  that  organ  (pagc  985).  The  epigastric  and  circumf)ex  iliac  nodes,  already 
described  in  connection  with  the  abdominal  region  (page  972),  are  really  outliers 
of  the  iliac  group. 

The  iliac  nodes  (Fig.  R25)  are  from  fifteen  to  twenty  in  number  and  form  a 
ple.tus  (plexus  illacus  estcrnus)  along  the  course  of  the  common  and  extenial  iliac 
vessels,  the  nppermost  nodes  Iving  at  the  level  of  the  bifurcation  of  the  aorta  and 
the  lowermost  around  the  point  of  exit  of  the  e.tternal  iliac  vessels  beneath  Poupart's 
ligamcnt.  Three  moro  or  Icss  distinct  linear  series  of  nodes  can  be  recognized  in 
the  plexuB.  one  of  which,  along  the  course  of  the  common  iliac  artery,  is  situated 
closetothcoulorsiirfaceof  the  arterj- and  along  the  medial  liorderof  thepsoas  muscte. 
The  second  tics  behind  the  arter\-,  resting  upon  the  anterior  surface  of  the  vein,  while 
the  third  unites  wilh  its  fellow  of  the  opposite  side  to  form  a  group  of  three  or  four 
nodes  resting  upon  the  left  common  iliac  vein  and  the  promontorv  of  the  sacnim 
in  the  angli'  formed  by  the  bifurcation  of  the  aorfci.  Of  the  series  along  the  line  of 
the  external  iliac  \esscls  one  lies  to  the  outcr  side  of  the  artery  along  the  medial 
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border  of  the  psoas,  the  second  in  the  angle  between  the  vein  and  the  ariery,  and 
the  third  along  the  louer  border  of  the  vein,  between  it  and  ihc  oblurator  ncr\e. 

The  various  iiodes  of  the  iliac  sel  communicale  with  one  anoiher  so  thai  the 
tfferenls  of  one  node  are  afferenls  for  the  higher  onts.  In  addition  thej-  receive 
ajferents  from  the  inguinal  nodes  as  well  as  from  the  epigastric  and  circumflex  iltac 
nodes  as  already  slated,  and  the  group  situated  o\'er  the  promonto)y  of  the  sacrum 
also  receives  afferents  from  bolh  the  hypogastric  and  sacral  nodes.  Funhermore, 
afierents  pass  to  the  iliac  nodes  from  the  pelvic  portions  of  the  ureters,  from  the 
bladder  and  prostate  gland,  from  the  lower  portion  of  the  uterus  and  the  upper 
portion  of  the  vagina,  from  the  glans  penis  and  clitoris,  from  the  adductor  muscies 
of  the  thigh  through  vcssels  accompanyiiig  the  obturator  artery,  and,  in  the  čase  of 
the  lateral  series  of  nodes,  from  the  psoas  muscle  and  the  adjacent  subserous  tissue. 
The  efferetds  pass  to  the  lower  lateral  lumbar  nodes. 

The  internal  iliac  or  hypogastric  nodes  (1yiii{ibogtan<liilae  bypogastricac)  are 
from  nine  to  t»elve  in  number  on  each  side,  and  are  situated  on  the  lateral  walls 
of  the  pelvic  cavily,  along  the  course  of  the  internal  ihac  vessel  and  its  branches 

Fig.   825. 


(Fig.  825).  They  are  connected  together  to  form  a  ple.^us  (pleius  hypoBastricii8'). 
and  receive  afferents  from  most  of  the  regions  to  which  the  branches  of  the  interna) 
iliac  artery  are  distributed.  Thus  branches  come  to  them  from  ali  the  peK-ic  organs. 
from  the  deeper  portions  of  the  perineum,  includinp  the  penial  portion  of  the  urethra. 
from  the  deep  portions  of  the  posterior  and  internal  femoral  and  the  gluteal  regions, 
Their  efferents  pass  main1y  to  the  iliac  nodes  situated  on  the  promontory  of  the 
sacrum,  those  which  arise  from  the  obturator  node,  situated  upon  the  obturator  anerj- 
as  it  passes  through  the  obturator  foramen,  passing,  however,  to  nodes  belonging  to 
the  inner  series  of  the  group  accompanying  the  external  iliac  vessels. 

The  sacral  nodes  are  situated  on  the  ventral  surface  of  the  sacrum,  partlv 
along  the  course  of  the  middie  sacral  vessels.  and  partly  internal  to  the  second  and 
third  anterior  sacral  foramina.  along  the  course  of  the  lateral  sacral  arterics  (Fig.  829). 
Ali  Ihc  nodes  aro  small  and  thev  are  united  together  by  lymphatic  vessels  to  form  a 
sacral  plexus  (pleius  sacralis  raedius).  They  receive  afferents  from  the  neighboring 
musclcs  and  from  the  sacrum,  and  their  efferents  pass  to  the  iliac  nodes  situated 
upon  the  promontory  of  the  sacrum. 

The  Lvmphatic  Vessei-s. 
Tndcr  this  hcading  will  he  considcred  the  vcssels  of  the  various  pelvic  organs, 
with  the  csception   of  those  of  the  rcctum.    \vhich  have  already    been  described 
(page  979).     In  addition  thcrc  will  he  included  the  vessels  of  the  extemal  genitalia. 
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and,  on  account  of  their  intimate  relation  »ith  these,  tlie  superficial  lymphatics  of 
ihe  perineal  and  circumanal  regions. 

The  Bladdcr, — It  was  for  a  long  tirne  a  matter  for  discussion  whether  or  not 
the  mucosa  of  the  btadder  was  provided  willi  a  lymphatic  net-work,  but  the  general 
consensus  of  recent  observers  is  ihat  it  is  not.  Only  ihe  inuscular  coat  possosses  a 
net-work,  and  from  tiiis  stems  pass  to  the  suriace  oi  ihe  viscus  to  form  a  superiicial 
net-work  beneath  the  peritoneal  or  fascial  investment.  This  net-work  is  coiitinuous 
at  the  neck  of  the  bladder  wilh  those  of  the  urelhra  and  prostate  gland,  and.  at  its 
base.  with  the  net-works  of  the  ureters  and  seminal  vesicies,  and,  in  the  (emale,  of  the 
vagina.  The  efferent  stems  ivhich  take  origin  from  it  may  be  divided  into  two 
groups  according  as  they  arise  upon  the  anterior  or  posterior  surface. 

Those  passing  from  the  lower  part  of  the  aiilerior  surfacc  are  directed  laterally 
and  those  from  the  upper  part  pursue  a  flexuous  course  downward  and  late raily  to 
terminate  in  the  nodes  of  the  iliac  group  situaled  along  the  external  iliac  vessels 
(Fig.  826).  In  their  course  they  usually  traverse  some  small  nodes  situated  iri 
dose  proximity  to  the  bladder 

and  divisible  according  to  their  *""=■  **^- 

position  into  two  groups.  One 
of  these  is  situated  upon  the 
anterior  surface  of  the  bladder, 
and  consists  of  two  or  three 
nodes,  the  anterior  vesical 
nodes,  two  of  which  are  usually 
situated  near  the  apex  of  the  vis- 
cus in  the  course  of  the  superior 
vesical  artery.  while  the  third 
occurs  lower  down  in  the  retro- 
pubic  tissue.  The  other  group 
consists  of  from  two  to  four 
nodes,  the  lateral  vesical 
nodes,.  situated  on  either  side 
of  the  bladder  along  the  course 
of  the  obliterated  hypogastric 
arteries.  Both  groups  are  some- 
what  inconstant,  but  occur  in  a 
large  percentage  of  cases. 

The  vessels  from  the  upper 
part  of  the  posleriof  surface  of 
the  bladder  pass  downward  and 
laterally,  often  traversing  some 
of  the  lateral  vesical  nodes,  and  terminate  in  the  estemal  iliac  nodes  which  receive 
the  stems  from  ihc  anterior  surface.  Others  pass  to  ihe  hvpogastric  nodes,  while 
others  again,  arising  from  the  base  of  the  bladdcr,  pass  at  first  directly  backward 
past  the  lateral  surfaces  of  the  rectum  and  then  ascend  on  the  sacrum  to  terminate 
in  the  iliac  nodes  situated  upon  ihc  promontory. 

The  Prostate  Gland. — The  lymphatics  of  the  prostate  have  their  origin  in 
net-works  surrounding  the  various  acini  of  the  gland.  From  these  net-works  stems 
pass  to  the  surface,  where  they  form  a  second  net-work,  and  from  this  the  efferent 
stems  pass  3vmmetrically  on  either  side  of  the  median  line  to  somewhat  diverse 
terminations.  One  or  two  of  the  efierents  on  either  side  ascend  in  a  tortuous  course 
upon  the  posterior  surface  of  the  bladder,  and  then  bend  latcrallv  over  the  obliterated 
hypogasiric  arteries  to  terminate  in  one  of  the  middie  series  of  the  iliac  nodes 
which  accompanv  the  external  iliac  vessels.  Another  stem  passes  backward  along 
the  prostatic  vessels  to  terminate  in  one  of  the  hypogastric  nodes  ;  others  pass  at  (irst 
backward  on  either  side  of  the  rectum,  and  then  ascend  upon  the  anterior  surface 
of  the  sacnim  to  terminate  in  ihe  lateral  sacral  nodes  or  in  the  iliac  nodes  situated 
on  the  promontorv  of  the  sacrum  ;   and  from  the  anterior  surface  of  the  gland  a  stem 

•  Archiv  f.  Anatom,  u.  Physiol.,  1897. 


986 


HUMAN   ANATOMV. 


passes  downward  on  either  side  of  the  membranous  portion  of  the  urethra,  and, 
accompanying  the  nrethral  lymphatics  along  the  course  of  ihe  internal  pudic  vesscls, 
terminates  in  one  of  the  hypog3stric  nodes  situated  upon  these  vessek. 

The  Urethra. — The  mucous  membrane  of  the  male  urethra  is  fumished 
throughout  its  eniire  extent  with  a  lymphatic  net-work,  which  is  especially  rich  in 
ihe  region  of  the  glans  and  diminishes  in  complexity  in  the  membranous  and 
prostatic  portions  of  the  ducl.  In  the  last  region  it  communicates  with  the  net-work 
in  the  muscular  coat  of  the  neck  of  the  bladder.  The  efierents  from  the  membranous 
poriion  of  the  duct  associate  themselves  with  some  of  the  prostatic  efferents  and  pass 
to  a  hypogasiric  node  situated  on  the  course  of  the  internal  pudic  vessels,  and  those 
from  the  penial  portion  accompany  the  vessels  which  arise  from  the  glans  and  will 
be  described  in  the  account  of  the  lymphatics  of  the  penis.  The  net-work  of  the 
feniale  urethra  corresponds  with  those  of  the  membranous  and  prostatic  portions  oi 
the  male  ducl. 

The  External  Reproductive  Organs  in  the  Male. — The  lymphatics  of  the 
scrotum  form  an  exceedingly  rich  net-work,  especially  well  de\'eloped  in  thevicinitv 
of  the  raphe  and  thence  estending  Literally  over  the  entire  surface.      From  six  to 

eight    stems    arise    from 
P'«-  «^7-  this    net-work,    and    the 

uppermost  accompanv 
and  eventually  anasto- 
mose  with  the  superficial 
efferents  from  the  penis 
and  terminatc  in  the  in- 
ner  inguinal  nodes.  The 
remaining  stems  pass 
upu-ard  and  outward  to 
terminale  in  the  in  ner 
superficial    subinguinal 

The  lymph^tics  of 
ilie  penis  are  divisible 
into  a  superficial  and  a 
deep  set  which  correspond 
respectively  to  the  super- 
ficial and  deep  blotKl- 
vessels  of  the  organ.  The 
superficial  set  form  s  a 
net-work  in  the  integu- 
ment  of  the  penis  which 
radiates  in  ali  directions 
from  the  Irenulum,  some 
stems  passing  fomard  and 
upward  into  the  prcpiice  and  some  especiailv  strong  stems  passing  dorsally  in  the 
furrow  behimi  the  corona  of  the  glans.  As  thev  approach  the  dorsal  mid-line  these 
latter  gi\e  ofi  one  or  two  1ongitudinally  directcd  efferents,  or  elsc  they  unite  to  form 
a  single  stom  which  runs  along  the  dorsal  mid-line.  Other  stems  arising  from  the 
more  pro.\im;d  portions  of  the  net-nork  curve  upward  from  below  over  the  lateral 
surfaces  of  ihe  penis,  and  either  unite  with  the  dorsal  stems  or  form  indepcndent 
lateral  stems  jiiirallel  with  the  dorsal  ones.  Numerous  anastomoscs  occur  betvcen 
ali  the  longitudinal  stems  throughout  their  courscs,  and,  as  they  approach  ihe 
svmphvsis.  thev  bcnd  hiterallv,  some  indeed  dividing  to  send  branches  to  either 
side.  and,  after  the  upper  sttms  from  the  scrotum  have  united  wilh  them,  thev 
terniin;ite  in  the  inncr  inguinal  nodes. 

The  dri-fi  srl  forms  a  net-\vork  especiailv  well  developed  in  the  glans,  in  whirh 
a  superficial  and  a  il(ei>  lavc-r  mav  Ih'  ilistinguished.  Both  these  layers  communicate 
at  the  meatus  with  the  urethral  net-work.  and  from  the  deeper  layer  a  special  plexus 
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is  developed  on  either  side  of  the  frenulum  {Panizza  s  piexus),  from  which  stems 
ascend  in  the  groove  back  of  the  corona  glandis.  Into  these  stems  the  superrtcial 
layer  of  the  net-work  opens,  and  they  also  receive  Communications  from  the  super- 
ficial  vessels  of  the  penis.  From  them  one  or  two  stems  arise  which  pass  proximally 
in  company  with  the  dorsal  vein  of  the  penis  toward  the  suspensory  ligament.  Here 
they  usually  divide  to  form  a  more  or  less  distinct  plexus,  lying  immediately  over 
the  symphysis  pubis  and  provided  with  some  small  lymphatic  nodes,  and  from  it  two 
or  three  stems  pass  of!  laterally  on  either  side.  These  pass  across  the  surface  of  the 
pectineus  muscle  and  beneath  the  spermatic  cord,  and  some  then  pass  either  to  the 
inner  inguinal  or  deep  subinguinal  glands,  while  others  extend  along  Poupart*s 
ligament  to  the  external  abdominal  ring  and,  traversing  the  inguinal  canal,  terminate 
in  one  of  the  lower  ihac  nodes. 

It  is  to  be  noted  that  owing  to  the  anastomoses  and  bifurcations  of  both  the 
superficial  and  deep  longitudinal  stems  it  is  possible  that  a  unilateral  infection  may 
cause  enlargment  of  the  nodes  of  both  sides. 

The  External  Reproductive  Organs  in  the  Female. — The  lymphatics  of 
the  external  female  genitalia  have  essentially  the  same  distribution  as  those  of  the 
corresponding  organs  in  the  male.  In  both  the  labia  majora  and  minora  rich 
subcutaneous  net-works  occur,  from  uhich  numerous  stems  arise  and  pass  to  the  inner- 
most  inguinal  and  occasionally  the  inner  superficial  subinguinal  nodes.  The  stems 
from  the  upper  parts  of  the  labia  ascend  at  first  directly  upward  toward  the  mons 
veneris  and  then  bend  suddenly  outward  to  reach  their  terminal  nodes  ;  those  from 
the  lower  parts  pass  either  directly  upward  and  outward  or  else  at  first  directly 
upvvrard  j^arallel  to  the  outer  edges  of  the  labia  and  then  bend  suddenly  outvvard. 
Some  of  the  stems  coming  from  one  or  other  of  the  labia  may  pass  to  the  nodes  of 
the  opposite  side,  and,  furthermore,  Communications  exist  through  the  anterior  and 
posterior  commissures  between  the  net-works  of  the  opposite  labia,  so  that  a  unilateral 
infection  may  produce  enlargement  of  the  inguinal  nodes  on  both  sides. 

The  lymphatics  of  the  clitoris  present  essentially  the  same  arrangement  as  the 
deep  lymphatics  of  the  p>enis.  Thev  form  a  rich  net-work  in  the  glans  and  from  this 
longitudinal  stems  arise  and  pass  toward  the  symphysis  pubis,  in  front  of  which  they 
form  a  plexus  which  usually  contains  some  small  nodes.  From  the  plexus  stems 
arise  which  pass  laterally,  and  terminate  either  in  one  of  the  deep  subinguinal  nodes 
or  else  in  the  lower  iliac  nodes,  which  they  reach  by  traversing  the  inguinal  canal. 

The  Perineum  and  Circumanal  Regions. — Thedeeper  lymphatics  of  these 
regions  have  been  considered  in  connection  with  the  organs  to  vvhich  they  belong 
and  there  remain  for  consideration  only  the  subcutaneous  vessels.  These  in  the 
perineal  region  form  an  abundant  net-work  from  which  stems  pass  fonvard,  for  the 
most  part  in  the  furrow  betvveen  the  perineum  and  the  inner  surface  of  the  thigh, 
and,  associating  themselves  \vith  the  stems  from  the  scrotum  or  labia  majora, 
terminate  in  the  inner  inguinal  or  superficial  subinguinal  nodes. 

The  subcutaneous  Ivmphatics  \vhich  surround  the  anal  opening  also  form  a  rich 
net-work,  which  communicates  extensively  with  that  of  the  anal  mucosa  (page  979). 
From  it  some  two  or  three  stems  pass  foru^ard  along  the  inner  side  of  the  thigh  to 
terminate  vvith  the  perineal  and  scrotal   (labial)  stems  in  the  inner  inguinal  nodes. 

The  Interna!  Reproductive  Organs  in  the  Male. — The  testis  possessesan 
abundant  supplv  of  Ivmphatics,  \vhich  mav  be  divided  into  a  deep  and  a  superficial  set. 
The  former  takes  its  origin  in  a  rich  net-work  which  surrounds  the  seminal  ducts,  and 
the  stems  which  comj^ose  it  pass  toward  the  hilum  in  the  septa,  and,  issuing,  associate 
themselves  \vith  the  stems  arising  from  the  superficial  net-work.  This  is  double,  one 
layer  of  it  Ivinjir  beneath  the  tunica  albuginea  and  the  other  bet\veen  that  investment 
and  the  visceral  laver  of  the  tunica  vaginalis.  Both  lavers  are  abundantlv  connerted  by 
vessels  \vhich  traverse  the  tunica  albuginea,  and  the  deeper  layer  also  receives  numer- 
ous coinmuniciUing  stems  from  the  deep  lymphatics  and  from  the  Ivmphatics  of  the 
epididvmis.  Collectinir  stems  from  both  layers  converge  toward  the  hilum.  where  thev 
hecome  associated  \vith  the  stems  from  the  deep  net-work.  from  six  to  eight  or  rarely 
more  trunks  \vhich  ascend  along  the  spermatic  cord  to  the  internal  abdominal  ring. 
Thev  then  follo\v  the  course  of  the  spermatic  veins  up\vard,  and  terminate  in  from  two 
to  four  of  the  lateral  lumbar  nodes  (Fig.  816).     The  nodes  to  which  the  vessels  from 
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the  left  leslis  pass  lic  immediately  beneath  the  level  of  the  renal  veins,  while  those 
in  which  the  stems  frum  the  Hjjht  testis  terminale  are  lower,  being  situated  about 
tnidway  betvveen  the  level  of  the  renal  vein  and  the  junction  of  the  common  iliac  veins. 

The  Ij-mphatics  of  the  vas  deferens  are  probably  arranged  in  two  nct-works, 
one  belonging  to  the  mucosa  and  the  other  to  the  muscular  coat,  although  so  far  only 
the  latter  net-work  has  been  demonstrated.  At  the  testicuhr  end  of  the  duct  the 
net-work  communicales  uilh  that  of  the  epididymis,  and  ihe  stems  which  arise  from 
it  accompany  those  of  the  testis  to  the  lateral  lumbar  nodes.  At  the  vesical  end 
the  net-work  communicates  with  that  of  the  seminal  vesicies  and  its  efferents  pass 
to  one  of  the  hypogastric  nodes, 

The  lymphatics  of  the  seminal  vesicies  are  much  more  readily  demonstrable 
than  those  of  the  vaša  deferentia.  They  arise  from  two  net-works,  one  of  which  is 
situated  in  the  mucosa  and  the  other  in  the  muscularis.  Stems  from  the  latter  fomi 
a  third  net-work  over  the  surfaces  of  the  vesicies  and  from  this  efferents,  two  or  three 
in  number,  pass  to  some  o(  the  hypogastric  nodes. 

The  Internal  Reproductive  Organs  in  the  Pemale. — ^The  lymphatics  of 
the  ovarjr  are  very  abundant  throiighout  the  substance  of  the  organ,  a  fine  net-work 

Fic.  828. 


surrounding  each  of  the  Graafian  follicles.  The  stems  \vhich  arise  from  these  net- 
works  converge  toward  the  hilus,  w'here  they  form  a  rich  plexus  and  from  this  from 
six  to  eight  efferents  arise  and  follow  the  o\'arian  blood-vessels  to  terminate  in  the 
lateral  lumbar  nodes  (Fig.  828). 

0\ving  to  thinness  of  the  »alls  it  is  difficult  to  distinguish  a  dehmtely  layered 
arrangement  of  the  Ivmphatic  n(t-work  iif  the  Fallopian  tubes.  It  is,  however, 
rich.  and  conunnnicates  with  that  of  the  fundus  of  the  uterus.  It  gives  rise  to  two  or 
three  cflerents  whkh  accompanv  the  ovarian  efferents  to  the  lateral  lumbar  nodes. 
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In  ihe  utenis  (Figs.  828,  829)  the  conditions  are  much  more  favorable  for 
determining  tlie  existence  oi  separate  net-»orks  in  the  mucosa  and  muscularis  Ihan 
in  the  Fallopian  tubes,  but,  nevertheless,  much  difference  o(  opinton  exists  as  to  the 
occurrence  of  a  mucosa  net-work.  That  of  the  muscularis  can  be  injected  without 
difficulty,  but  no  conclusive  injections  have  yet  been  made  of  the  mucosa,  and  vvhile 
some  aulhors  (Bruhns,  Sappey,  Poirier)  are  inclined  to  admit  the  existence  of  a 
net-work  in  it,  others  (Leopold)  deny  it,  However  that  niay  be,  a  well-developed 
net-work  occurs  in  the  muscular  coat,  in  the  deeper  portions  ol  which  it  becomes 
especially  rich,  and,  furthermore,  it  is  more  abundant  in  the  cervix  than  in  the  body 
or  fundus.  From  it  stems  pass  to  the  surface  of  the  organ  to  form  a  subserous 
net-work,  from  which  a  numfjer  of  eflerents  arise. 

These  may  be  divided  into  three  principal  groups  according  to  their  termina- 
tions.  (  ! )  The  eHcrents  from  the  fundus,  usually  two  in  numbcr,  pass  outward  on 
either  side  in  the  upper  portion  of  the  broad  llgament,  and,  associating  themselves 
with  the  efferents  from  the  ovarv,  terminate  in  the  laterai  lumbar  nodes.  {2)  Small 
stems  pass  from  the  fundus  aiong  the  round  ligament  of  the  uterus  to  terminate  in  the 
inguinal  nodes.     (3)  The  p,^.    ^^^ 

efferents    from    the   body 
and  cervix    pass  ]aterally 
to  terminate  in  the  median 
tliac  nodes  situated  in  the 
angle  between  the  external 
and  internal  iliac  arteries.        ^^^^ 
In  the  course  of  these  last 
vessels,  at  the  point  »-here     ■"""' 
they  cross  the  ureter,  a       ,^^ 
small   uUro-vaginal  node      \^^ 
is  occasionally  placed. 

Other  efferents  have 
been  described  as  passing 
from  thecer\'ix  to  a  hypo- 
gastric  node  situated  at 
the  origin  of  the  uterine  or 
vaginal  artery,  and  two  or 
three  stems  have  been 
found  arising  from  the 
poslerior  surface  of  the 
cervix  and  passing  back- 
ward  on  either  side  of 
the  rectum  to  the  anterior 
surface    of     the    sacrum,  l  ™  .hiti«  o(  uisnis    (Cm/o  amd  Marciaf*\ 

up   which    thev   pass    to 
terminate   in  the   iliac   nodes   situated   upon   the   sacral   promontor>'  (Fig.   829). 

In  the  vagina  there  is  no  qucstion  as  to  the  existence  of  definite  net-works  in 
both  the  mucosii  and  muscularis.  That  of  the  mucosa  (Fig.  830)  is  e."(ceptionally 
fine  and  communicates  abundantly  with  the  coarser  net-work  of  the  muscularis,  as 
well  as  ttith  tht-  net-work  of  the  \-aginal  portion  of  the  cer\ix  above  and  with  that  of 
the  labia  minora  belovv.  From  the  muscularis  net-work  stems  pass  to  the  surface 
of  the  organ  to  form  a  third  net-work,  from  which  the  main  efferent  stems  arise, 
and  these  mav  I)e  arranged  in  three  groups  according  to  their  dcstinations :  (i) 
those  which  arise  from  the  iifificr  portion  of  the  vagina  join  the  stems  \vhich  pass 
from  the  cervix  of  the  uterus  (Fig.  H30)  and  terminate  with  these  in  the  median 
iliac  nodes  situated  in  the  angle  formed  by  the  external  and  internal  iliac  arteries  : 
(2)  thnse  arising  from  the  middlf  /lorfion  accompany  the  vaginal  vessels,  pasbing 
obliqui>ly  upnard.  out»ard.  and  backward,  to  terminate  in  one  or  twn  hvpogastric 
nodes  situated  at  the  origin  of  the  uterine  arteries:  and  (,i)  those  from  the  !mi-er 
portion  associate  themselves  «ith  those  from  the  labia  minoru  and  terminate  with  these 
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e  inner  ingumal  nodcs.    Certain  of  the  stems  from  the  middle  portion  also  pass  to 
ame  niiddle  iliac  nodes  which  receive  the  efferents  from  the  upper  portion,  and 

slems   ha\'e   bcen   obsened 
Fiu.  8.?o.  (^Bruhnsj    pa^^ing  from  the 

posterior  surtace  of  the  vagi- 
na to  the  lateral  himbar  nodcs 
and  evt-n  to  the  iliac  nodes 
situated  on  the  promontorj- 
of  the  sacnim,  while  othere 
hase  been  traced  to  the 
anorectal  nodes  (page  976). 
Finaliy,  it  may  be  noted 
th;tt  the  superficial  net-work 
o(  the  anterior  surface  of  the 
vagina  communicates  with 
that  of  the  posterior  surface 
of  the  bladder. 

Practical  Considera- 
tions. —  Tke  Lymph-Nodes 
of  the  Abdomen  mld  Pflvis. 
—The  superficial  lymphatics 
of  the  (vall  of  the  al>domen 
convey  infection,  if  the  pri- 
mar)"  focus  is  above  the  level 
of  the  nmbiticus,  to  the  axil- 
BIH  mrmbtanc.    (/tai>i>r .•)  lary  nodes  ;  if  it  is  below  that 

level.  to  the  inguinal  nodes. 
r  carbuncle,  or  of  chancre,  or  of  epithelioma.  the  site 
;  the  region  in  which  adenopathy  should  f>e  sought. 
The  caliac  group  of  nodes  may  hc  involved  in  diseases  of  the  greater  portion  of 
the  digestive  tract,  or  of  the  stomach,  spleen,  or  part  of  the  liver ;  or  their  enlarge- 
ment  may  follow  that  of  the  lumbar  or  of  the  mesenteric  nodes.  The  nodes  in  and 
about  the  portal  fissurc,  or  between  the  layers  of  the  gastro-hepatic  omentum  may  so 
enlarge  in  cases  of  carcinoma  of  the  stomach  or  of  the  liver  as  to  compress  the  portal 
vein  (causing  ascites)  or  the  conimon  bile  duct  (causing  jaundice). 

The  lymphatic  relations  of  the  stomach,  liver,  spleen,  and  pancreas  have  been 
sufficiently  considered  from  the  practical  stand-point  in  connection  with  these  viscera, 
The  mescnlerie  nodes  are  frequently  and  gra\ely  involved  in  various  intestinal 
diseases.  They  are  often  infected  and  enlarged  during  typhoid  fever.  Thev  are 
especially  implicated  in  peritoneal  or  iijtestinal  tuberculosis.  The  lyinphoid  nodules 
in  the  neighborhood  of  Peyer's  patches  are  surrounded  by  lymphatic  plexuses  and 
are  a  common  site  of  tuberculous  ulceration.  The  bacilli  tuberculosis  are  carried 
directly  thence  to  the  mesenteric  glands  (tabes  mesenterica),  and  sometimes  by  way 
of  the  lymphatic  vessels  and  thoracic  duct,  may  reach  the  general  circulation  in  large 
numbers  (generalized  tuberculosis,  acute  miliary  tuberculosis).  In  some  cascs  of 
tuberculous  peritonitis  as.sociated  with  mesenteric  gland  disease,  the  mesenter>- 
undergoes  marked  and  extreme  conlraction,  so  that  the  altered  coils  of  intestine  are 
held  closeIy  to  the  spine,  and  their  lumen  may  be  greatly  narrowed  (peritonitis 
deformans)  (Taylor). 

Mesenteric  nsts  fserous  or  chylous  cysts)  are  UHually  of  lymphatic  origin,  and 
mav  lic  due  to  Ivniphatic  obstriiciion  or  to  a  degeneration  and  dilatation  of  the  mes- 
enteric nodes  anaingons  to  the  varicosity  of  inguinal  nodes  in  filarial  disease.  The 
clinical  signs  of  such  cysts  are  :  i.  a  prominent.  fluctuating,  usually  spherical  5weU- 
ing  near  the  nmhilicii«  ;  2.  marked  mobilitv  nf  ihc  tumor— especially  in  a  transverse 
dirertiim  ami  annmd  the  central  axis  :  .1,  the  preaence  of  a  zone  of  resonance  around 
the  cyst  and  a  bclt  of  resonance  across  it  (Moynihan).     The  sympton)s  mav  be 
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either  (a)  chronic,  of  the  nature  of  colicky  pain  due  to  interference  vvith  thc  intes- 
tine  and  to  gastro-in testi nal  disturbance,  the  presence  of  a  tumor  distinguishing  the 
čase  from  one  of  simple  gastro-enteritis  ;  or  (^)  those  of  acute  intestinal  obstruction 
(Rolleston). 

The  lumbar  Jiodes  may  be  enlarged  from  septic  or  malignant  disease  of  the 
lower  extremities,  the  testes,  the  fundus  of  the  uterus,  the  ovary,  the  kidneys  and 
adrenals,  the  sigmoid  or  rectum.  The  wide  area  thus  drained  by  them  exposes 
them  frequently  to  transmitted  infection  or  disease.  Their  condition  in  the  presence 
of  carcinoma  aflecting  any  of  these  regions  or  viscera  has  an  important  practical 
bearing  upon  the  question  of  oi>erative  interference,  as,  practically  without  excep- 
tion,  if  they  are  involved  only  palliation  can  be  hoped  for.  With  an  empty  intes- 
tinal tract  and  a  thoroughly  relaxed  abdomen,  even  moderate  enlargemcnt  of  these 
nodes  may,  in  thin  persons,  be  detected  by  palpation.  In  persons  with  very  mus- 
cular  or  very  fat  abdominal  walls,  they  cannot  be  felt  until  they  have  formed  a  con- 
siderable  mass.  Their  great  enlargement — especially  in  carcinoma — often  results  in 
swelling  and  oedema  of  the  lower  extremities  on  account  of  the  obstruction  to  the 
current  in  the  inferior  cava  produced  by  the  pressure  of  the  dense  indurated  glands 
which  may  quite  encircle  both  that  vessel  and  the  aorta  and  may  even  interfere  with 
the  circulation  in  the  latter. 

The  lumbar  nodes  often  enlarge  consecutively  to  enlargement  of  the  pelvic  nodes 
(obturator,  gluteal,  sciatic,  intemal  pudic,  external  and  internal  iliacs),  some  of  which 
are  also  palpable — in  thin  persons — when  the  subject  of  carcinomatous  infiltration. 
The  extemal  iliac  nodes,  for  example,  lying  along  the  anterior  and  inner  aspect  of  the 
external  iliac  vessels,  may,  when  cancerous,  be  recognizable  in  this  way,  and  may 
be  found  by  their  tenderness — though  less  distinctly  felt — in  some  septic  cases.  As 
they  receive  the  lymphatic  vessels  from  the  nodes  of  the  groin,  and  the  vessels 
accompanying  the  deep  circumflex  iliac  arteries,  their  enlargement  may  follow  that 
of  the  inguinal  nodes,  or  may  result  from  septic  or  syphilitic  or  cancerous  foci  in  the 
supra-inguinal  portion  of  the  abdominal  wall.  In  cancer  of  the  testis  the  iliac  and 
lumbar  nodes  are  in  the  closest  relation  to  the  ascending  current  of  lymph,  the 
inguinal  nodes,  as  a  rule,  being  involved  later,  after  the  skin  of  the  scrotum  has 
become  infiltrated  or  ulcerated.  In  advanced  cases  of  carcinoma  of  the  rectum  or 
uterus,  the  obturator,  epigastric  and  extemal  iliac  groups  become  considerably 
afiected.  CEdema  of  the  legs  often  results  because  (^z)  the  enlarged  nodes  press 
directiy  upon  the  extemal  iliac  vessels  ;  and  (^)  thc  lymphatics  pass  both  over  and 
under  these  vessels  to  communicate  vvith  the  obturator  node  and  thus  compress  the 
vein  in  a  ring-like  carcinomatous  mass  (Leaf).  The  pain  felt  in  these  cases  is  due 
to  the  pressure  of  the  afiected  glands  upon  the  nerve-trunks  arising  from  the  lumbo- 
sacral  plexus.  Similar  pains  may  be  felt  when  any  of  the  pelvic  glands  are  involved 
as  there  is  a  similarly  close  relation  bet>\'een  the  obturator  node  and  the  obturator 
nerve  ;  the  gluteal,  sciatic,  and  intemal  pudic  nodes  and  the  first  and  second  sacral 
and  great  sciatic  nerves  ;  and  the  external  iliac  nodes  and  the  anterior  crural 
nerve.  The  obturator  group  of  nodes  lying  bet\veen  the  extemal  iliac  vein  and  the 
obturator  nerve  assume  surgical  importance  because  sometimes  the  lowest  node  of 
this  group  is  found  projecting  through  the  crural  canal.  The  relation  of  this  node  to 
Gimbernat's  ligament  shovvs  that  when  enlarged  it  \vould  appear  as  a  swelling  occu- 
pying  a  position  similar  to  that  of  a  femoral  hernia  (Leaf).  Cases  are  on  record 
(White)  in  vvhich  an  inflammation  of  this  node  has  simulated  a  strangulated  femoral 
hernia. 

THE  LVMPHATICS  OF  THE  LO\VER  EXTREMITY. 

The  Lvmphatic  Nodes. 

Thc  Inguinal  Nodes. — The  principal  group  of  nodes  of  the  lo\ver  extremity 
is  situated  in  the  inguinal  region  over  Scarpa*s  triangle,  where  they  form  a  consider- 
able  mass,  placed  for  the  most  part  bet>\een  the  lavers  of  the  fascia  lata,  and  consist 
of  from  t\velve  to  twenty  nodes  united  by  connecting  branches  to  form  a  plexus.  the 
plexus  inguinalis.  Though  in  reality  forming  a  single  group,  they  have  been 
divided  for  purposes  of  description  into  a  number  of  subordinate  groups  which  must 
be  recognized  to  have  merely  a  conventional  value.     The  first  of  these  divisions  is  a 
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separation  of  ihe  nodes  which  lic  respectivel)'  above  and  beIow  a  horizontal  line 
drawn  through  tlie  point  at  which  the  long  saphenoua  vein  pierces  the  cribriform 
fascia,  and  to  those  lying  above  this  line  the  term  inguinal  nodes  ( Ijmpboglaadalac 
Inguinales)  is  applied,  wliile  those  belovv  it  are  termed  the  subinguinal  nodes 
(1yinpboglaadulae  sutiiaguioales).  This  latter  subgroup  is  again  divided  into  a  super- 
ficial  (Ijmphoglandulae  subiaguinales  superficialcs)  and  a  deep  (Ijmpboglandulac  sub- 
JDguinales  profundae)  sct,  according  as  they  are  situated  on  or  beneath  the  fascia  lata. 
Finally,  by  nieans  of  a  vertical  line  passing  through  tiie'orifice  in  the  cribriform  fascia 
through  which  the  long  saphenous  vein  passes,  the  inguinal  and  superhcial  subinguinal 
groups  are  each  subdivided  into  an  inner  and  an  outer  set,  a  small  central  group  ol 
nodes,  surrounding  the  saphenous  orifice,  being  also  sometimes  recognizable.  It 
niay,  however,  again  be  emphasized  that  these  subdivisions  are  purely  conventional 
and  cannot  always  be  clearly  distinguished,  nor  do  they  represent,  except  in  a  very 
general  way,  the  terminations  of  definite  drainage 
Fig,  8,11.  areas.      Indeed,    the    numerous    connections  which 

e.\ist  between  the  nodes  of  the  various  subgroups 
cause  their  distinction  to  be  of  comparatively  little 
,v^^  importance  from  the  surgical  stand-point. 

^••^v.^^  The  inguinal  nodes  are  arranged  in  a  more 

T^   ,i?V^  or   less  distinct    chain    over    the    base  of    Scarpa's 

triangle,  immediately  below  Poupart's  ligam enL 
They  receive  as  afferents  the  superficial  ]ymphatics 
of  the  abdominal  walls  and  the  gluteal  region.  the 
superficial  vessels  of  the  scrotum  and  penis  in  the 
male  and  of  the  labia  majora  and  minora  in  the 
ftcnale,  as  well  as  ihose  from  the  perineum  and 
the  circamanal  region.  Their  e^erents  perforate  the 
cribriform  fascia,  enter  the  abdomen  by  the  femoral 
■■HK       I  ring,  and  terminale  in  the  lou'er  iliac  nodes. 

UM  ll|  The  superficial  subinguinal  nodes  recetve 

BuH&  some   afferents    from   the  gluteal   regions  and  also 

HKSB  some  from  the  perineum  and  circumanal  regions,  bul 

llV^r  the  principa!  set  is  formcd  by  the  superficial  vessek 

IPVf  of    the   leg.     Thcir  effcrents   have   essent!3lly   the 

llfff  same  course  as  those  of  the  inguinal  nodes,  piercing 

^^%m  the    cribriform    fascia    to   accompany    the    femora) 

y  vessels  to  the  abdomen,  where  they  terminate  in  ih« 

!<  /M  lower    iliac    nodes.      In    their    course    through    the 

\r'  ff  femoral    sheath   some   of  them   lie  on   the  anterior 

surface  of  the  \-essels,  but  the  majority  lie  on  their 
inner    side   in    the    crural  canal  and  some  of  them 
7i      terminate  in  the  deep  subinguinal  nodes. 
"'  The  dcep  subinguinal  nodes  \'ar^-  in  number 

from  one  to  three.  They  are  placed  a  long'  the 
course  of  the  femoral  vein,  one  occurring  immediately  beneath  the  point  of  junction 
of  the  long  s;tpheninis  vein  \vith  the  femoral,  a  second  a  little  higher  up  in  the  crural 
canal.  and  the  ihirti,  termed  by  French  auihors  the  node  of  C/oguet  and  by  the 
Cermans  the  node  of  Rosaimii/kn,  is  situated  at  the  entrance  into  the  cniral  canal 
(rom  the  abdomen,  Thcir  princi|wl  afferenis  are  the  deep  lymphatics  of  the  thigh 
which  accompanv  the  femoral  \'esBeIs  and  their  bnmches.  but  in  addition  they  receive 
stems  from  the  superficial  subinguinal  nodes  and  tho  deep  vessels  of  the  penis  and 
clitoris.  Their  effercnts  jiass,  like  those  of  the  superficial  nodes.  to  the  lower  iliac 
nodes. 

The  poplitcal  nodes  rivmphoclandiilae  popliteac)  are  some  four  or  more  in 
nnmbcr  and  art  embedded  in  the  adipose  tissue  of  the  popliteal  space  (Fig.  832). 
One  tir  two  occur  in  ih«  neighborhood  ot  the  short  saphenous  vein  immediately 
after  it  lias  <'ntcred  the  popliteal  space.  (vhile  the  rest  are  situated  more  deeplv  upon 
the  |>"]>]itt-al  vessels.  The  more  superficial  nodes  receive  as  afferents  the  superficial 
Ivmptuitiis  nf  the  leg  which  accnmjianv  the  short  saphenous  vein.  while  the  deeper 
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ones  receive  the  vessels  which  accompany  the  branchcs  of  the  popliteal  vessels  and 

aiso  tiiose  accompanying  the  anterior  and  posterior  tibi.il  vt-ssds.      Tlidr  efferents  for 

the   most   part   accompany   the 

femoral   vessels  to  terminale  in  Fic.  8j!. 

the  deep  subinguinal  nodes. 

The  anterior  tibial  node 
(]yiiiphoglaadula  tibialis  anterior) 
isasmall  and  probably  inconstant 
node  situated  in  the  upper  part 
of  the  course  of  the  Iymphatic 
vessels  which  accompany  the 
anterior  tibial  artery.  Its  ejfer- 
ents  pass  upward  along  with 
the  anterior  tibial  and  popliteal 
blood- vessels  to  term  i  nate  in  the 
deeper  popliteal  nodes. 

The  Lvmphatic  Vessels. 

The  lymphatic  vessels  of  the 
lovver  extremily  may  be  divided 
into  two  groups,  one  of  ivhich 
consists  of  the  snbcutaneous  nct- 
work  and  its  effcrent  stems  and 
the  other  of  those  vessels  which 
accompan/  the  priticipal  blood- 
vessels. 

The  superficial  lymphat- 
ics    take    their   origin    from   a 

net-work  distributed  throughout  aH  portions  of  the  subcutaneous  tissue  of  the 
extremity,  but  increasing  in  richness  and  coniple.\ity  to»-ard  the  distal  part  of  the 
limb.  until  in  the  foot,  and  eapecially  in  the  plantar  rcijion,  it  fonns  a  very  close  and 
abundant  net-work.  This  plantar  net-work  extends  not  onlv  throughout  the  entire 
plantir  region,  but  curves  dorsall/  upon  both  the  otiter  and  inner  borders  of  the  foot, 
and  also  over  the  posterior  surface  of  the  heel,  and  from  these  lateral  and  posterior 
portions  of  the  net-work  as  well  as  from  the  Bubcutaneous  net-work  of  the  digits 
numerous  collecting  stems  arise.  These  anastomose  abundantly.  and  those  from  the 
digits,  the  \vhole  of  the  inner  border  of  the  foot  and  the  dislal  half  of  its  outer  border 
form  an  open  plexus  upon  the  dorsum  of  the  foot.  The  stems,  severa!  in  number, 
which  arise  from  this  p1exiis  pass  upward  along  the  inner  surface  of  the  leg 
(Fig.  833),  folloiving  in  general  the  course  of  the  long  saphcnous  vein  and  receiving 
as  they  go  commiinications  from  the  superficial  net-works  of  the  regions  they 
traverse.  In  the  ncighborhood  of  the  knee  stems  arising  from  the  net-work  over 
the  anterior  tibial  region  beconie  associated  with  them.  and  above  the  knee  branches 
which  drain  the  net-work  of  the  ouler.  inner,  and  posterior  surfaces  of  the  thigh  also 
ciirve  iipward  and  invvard  or  forward,  as  the  čase  mav  be,  to  accompany  them. 
The  numerous  stems  so  formed  are  aH  sittiated  superficially  to  the  fascia  lata,  and 
terminate  above  in  the  superficial  subinguinal  nodes,  ihe  more  anterior  stems  passing 
to  the  outer  and  the  more  posterior  to  the  inner  members  of  the  group. 

The  stems  \vhich  arise  from  the  calcaneal  portion  of  the  plantar  net-work  and 
from  that  portion  of  it  which  cun-es  upward  over  the  posterior  half  of  the  outer 
border  of  the  foot,  pass  upward  upon  the  posterior  surface  of  the  crus  in  companv 
with  the  short  saphenous  vein.  They  receive  Communications  from  the  superficial 
net-work  of  the  calf  and,  as  they  approach  the  bcnd  of  the  knee,  they  perforate  the 
crural  fascia  and  terminate  in  the  more  superficial  popliteal  nodes. 

Finally,  from  the  nct-work  o\'er  the  gluteal  region  a  number  of  collecting  stems 
arise,  the  majority  of  which  cur\e  forward  and  converge  to  terminale  in  the  outer 
inguinal  nodes,  some  from  the  more  posterior  portions  of  the  net-work,  however, 

•Poirier  et  Charpy  :  TraW  d'analomie  humaine,  Tome  ii.,  190J 
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i)assing  tonvard  along  with  the  stems  from  ihe  clrcumanal    region  to  the  inner 
inguinal  or  siiperficial  subinguinal  nodes. 

The  dcep  lyinphatics  of  the  lower  extremity  take  their  origin  mainly  in  the 
muscles  and  form  stems  which  accompaiiy  the  blood-vessels.  From  the  net-work 
of  the  plantar  muscles  one  or  two  stems  take  origin  which  iollow  the  course  of  the 
plantar  arch,  ascending  to  the  dorsum  of  the  foot  between  the  first  and  second 
metatarsal  bones.  They  then  follow  the  course  of  the  dorsal  pedal  vessels,  receiving 
the  stems  which  accompany  their  branches,  and  then  accompany  the  antertor  tibial 
vessels  up  the  leg.  After  traversing  the  anterior  tibial 
Fig.  833.  nodes  lhey  pass  with  the  vessels  through  the  foramen  in 

the  interosseous  membrane,  and,  continuing  their  upward 
course  through  the  popliteal  space,  terminale  in  the 
deeper  popliteal  nodes. 

Other  branches  arislng  in  the  plantar  musnilature 
follow  the  plantar  \'esscls  backward,  and,  ascending 
behind  the  intemal  malleolus,  accompany  the  posterior 
tibial  vessels,  Toward  the  upper  part  of  the  crus  they 
receive  the  stems  which  accompany  the  peroneal  vessels 
and  their  branches,  and  terminate,  like  the  anterior 
stenis,  in  the  deeper  popliteal  nodes. 
J  From   these   nodes    four   large   stenis   issue,    and, 

|rjiffiJUWWVvJ-;;^;i,^j  passing  through  the  hiatus  tendineus  of  the  adductor 
magnus,  continue  their  course  up  the  thigh  in  comj>any 
ivith  the  femoral  vessels.  They  receive  the  stems  which 
accompany  the  various  branches  of  the  femoral  vessels 
and  terminale  above  in  the  deep  subinguinal  nodes. 
In  addilion  to  these  deep  femoral  lymphatics  others 
occur  in  the  thigh  in  company  with  the  obturator  and 
sciatic  vessels,  and  the  muscles  of  the  gluteal  region  are 
drained  by  stems  which  acconipany  the  gluteal  vessels. 
AH  these  stems  terminate  in  nodes  belonging  to  the 
hypogastric  groiip,  those  accompanying  the  sciatic  ves- 
sels traversing  some  small  and  inconstant  nodes  situated 
beneath  the  pyriformis  niuscle,  while  some  ten  or  t»elve 
similar  nodes  occur  along  the  course  of  the  gluteal  stems. 

Practical  Considerations. —  The  Nodes  of  the 
Louer  Extremily. — The  majorilv  of  the  lymphatics  of 
the  šole  of  the  foot  unite  »ith  those  of  the  inner  side 
of  the  dorsum  and  run  with  the  long  saphenous  vein  to 
enter  the  inguinal  nodes.  A  smaller  number  run  up  the 
tibiilar  side  of  the  leg,  but  most  of  these  cross  over  the 
leg  or  at  the  ham  to  join  the  inner  lymphatic  \'essels. 
A  stili  smaller  number  run  with  the  short  saphenous 
vein  and  emply  into  the  popliteal  nodes.  The  far  more 
fref|uent  occurrence  of  glandular  swellings  and  abscess  in 
the  groin  than  in  the  ham  is  thus  easily  understood. 
The  poplileal  nodes  {inkrcondylar,  lying  on  either 
side  of  the  popliteal  arterv  betiveen  the  two  he»ds  of 
the  gast  ročnem  i  us.  and  supracondy!ar.  Iying  deeper  and 
against  the  back  of  the  femurl  are  extremely  difficult  to  (eel  unless  tney  are 
eniarged,  and  even  then  the  onlv  one  which  can  bc  dclected  is  that  which  lies  over 
the  internal  popliteal  ner\-e.  This  node,  probablv  from  the  constant  movement  of 
the  knee-joint,  is  very  apt  to  suppurate  as  a  result  of  siiperficial  sores  about  the  hetl. 
The  intercondvlar  nodes  cannot  be  felt ;  in  the  first  place,  because  of  their  deep 
position,  and  sfcondly,  liecause  \vhirn  presseil  they  become  stili  further  forced  doun 
bt-tween  ihe  coikUU-m.  The  supracondvlar  nodes  lie  altogether  too  deep  to  be  felt 
by  the  fingers  (I.i-af).  A  small  node  beneath  the  fascia  close  to  the  pomt  of  entrv- 
of  the  sh()rt  siiphenous  rect-i\es  some  of  the  lym[)hatics  that  accompany  that  vein. 
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Popliteal  abscess  will  follow  pyogenic  infection  of  the  popliteal  nodes.  The 
pressure  effects  due  to  the  density  and  rigidity  of  the  popliteal  fascia  and  the  conse- 
quent  necessity  for  early  and  free  incision  and  drainage  have  already  been  described 
(pages  646).  Enlargement  of  the  popliteal  nodes  has  been  mistaken  for  enlarged 
bursae — though  the  nodes  are  deeper  and  nearer  the  median  line — for  popliteal  aneur- 
ism,  and  for  neoplasms. 

The  inj^uinai  nodes  are  numerous  and,  on  account  of  their  frequent  involvement 
in  diseases  of  the  lower  extremity  and  of  the  genitals,  are  important.  The  arrange- 
ment  into  a  superficial  and  deep  set^  and  the  division  of  the  former  into  two  groupys, 
the  horizontal,  parallel  with  and  close  to  Poupart's  ligament,  and  the  veriicai,  parallel 
with  and  close  to  the  long  saphenous  vein,  is  of  convenience.  The  deep  set  is  found 
to  the  inner  side  of  the  femoral  vein  and  may  be  said  to  include  one  group  which  is 
embedded  in  the  fatty  layer  at  the  saphenous  opening  and  bears  the  same  relation  to 
the  fascia  lata  that  the  central  group  of  axillary  glands  bears  to  the  axillary  fascia 
(Leaf)  (page  581).  The  ing^inal  nodes  receive  lymph  through  the  superficial  lym- 
phatics  as  follows  :  Lovver  limb — vertical  set  of  superficial  nodes  ;  lower.half  of 
abdomen — middle  nodes  of  horizontal  set  ;  outer  surface  of  buttock^-extemal  nodes 
of  horizontal  set  ;  inner  surface  of  buttock — internal  nodes  of  horizontal  set,  (a  few 
of  these  vessels  go  to  the  vertical  nodes  ;  external  genitals — horizontal  nodes,  a  few 
going  to  the  vertical  set ;  perineum-vertical  set.  The  deep  lymphatics  of  the  lower 
limb  enter  the  deep  set  of  nodes  (Treves).  The  deep  lymphatics  of  the  penis  and 
those  that  are  found  with  the  obturator,  gluteal,  and  sciatic  vessels  enter  the  pelvic 
nodes.  The  inguinal  nodes  communicate  with  the  external  and  common  iliac  nodes, 
the  pelvic  lymphatics  \vith  the  internal  iliac  nodes,  and  both  the  iliac  groups  with  the 
lumbar  nodes.  The  deep  node  lying  in  the  crural  canal  and  upon  the  septum  crurale 
is  variously  described  as  one  of  the  obturator  (pelvic)  group  (Leaf)  and  as  one  of 
the  deep  set  of  inguinal  nodes  (Treves).  It  should  be  remembered  that  when  it  is 
inflamed  it  may  not  only  simulate  strangulated  heniia,  but,  on  account  of  the  density 
of  the  structures  by  \vhich  it  is  surrounded  and  their  participation  in  the  movements 
of  the  thigh,  may  give  rise  to  pain  suggesting  coxalgia. 

The  relations  of  branches  of  the  anterior  cniral  nerv^e  to  the  inguinal  nodes 
may,  in  cases  of  inflammation  or  enlargement,  give  rise  to  pain  or  spasm  in  the  region 
supplied  by  that  nerv^e.  Filariasis  (elephantiasis  arabum)  of  the  femoral  lymphatics, 
which  are  obstructed  by  the  vvorms,  gives  rise  to  very  great  swelling  of  the  lower 
extremity  (Cochin  leg,  Barbadoes  leg). 

In  addition  to  what  has  been  stated  above  the  practical  application  of  a  knowl- 
edge  of  the  lymphatics  of  the  lower  extreniity  embraces  the  following  considerations  : 

(a)  The  lymphatic  vessels  may  be  intiamed  \vithout  involvement  of  the  veins, 
when  the  course  of  some  of  the  main  vessels  can  be  distinctly  traced  under  the  skin. 
When  chronicallv  inflamed,  and  obstruction  exists  at  the  nearest  Ivmphaticgland,  the 
vessels  may  become  thickened,  dilated,  and  tortuous.  The  lymphatic  vessels  of  the 
sheath  of  the  penis  are,  perhaps,  more  frequently  involved  in  diseased  action  than 
those  of  any  other  portion  of  the  skin  surface.  Inflamed  Ivmphatic  vessels  often 
co-exist  with  a  chancre.  In  cases  of  neglected  chancre,  associated  with  an  indurated 
condition  of  the  Ivmphatic  nodes  of  the  groin,  they  mav  even  form  bulla-like  swell- 
ings  vvhich  sometimes  rupture  and  permit  the  lymph  to  escape  extemally.  Rarely 
dilatation  of  the  Ivmphatic  vessels  occurs  \vithout  apparent  cause. 

{b)  The  lymphatic  vessels  may,  from  causes  imperfectly  understood,  become 
filled  vvith  chylous  fluid.  In  one  (Petters),  remarkable  dilatation  of  the  lymphatics 
existed  in  the  right  groin  and  in  the  abdomen,  in  a  patient  the  subject  of  valvular 
heart  disease.  The  glands  were  converted  into  cyst-like  cavities  filled  with  a  yellow 
fluid.  Rosarv-like  dilatations,  similar  to  those  seen  at  the  elbow,  occur  infrequentiy 
beloNV  the  groin. 

The  inguinal  Ivmphatic  glands  are  the  common  seat  of  diseased  action  dependent 
upon  the  transmission  of  the  \nnis  of  syphilis,  or  of  any  other  irritant  whose  point  of 
entrance  is  thnnigh  the  external  genitals.  In  the  nonsyphilitic  infections  they 
frequently  suppurate  or  excite  suppurative  cellulitis  in  the  parts  about  them.  Acute 
inflammatory  engorgement  of  one  of  them  has  been  known  to  induce  fatal  peritonitis 
by  direct  continuity  through  the  Ivmphatic  vessels  of  the  abdominal  wall  (Allen). 
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Abdomen,  examInation  of,  anatomical  rela- 
tions,  536 
fascia,  superficial  of ,  515 
landmarks  and  topography  of ,  53 1 
lyniphatics  of,  972 
lyTnph-nodes  of,  974 
muscles  of ,  515 
pract.  consid.,  526 
ventral  aponeurosis  of,  521 
Abdominal  cavity,  161 5 
aorta,  794 
regions,  161 5 
hemia,  1759 

incisions,  anatomy  of,  535 
ring,  extemal,  524 

intemal,  524 
walls,  lymphatics  of,  976 
posterior  surface  of,  525 
Acervulus,  11 25 
Acetabulum,  336 
Acoustic  area,  1097 
striae,  1258 
AcTomio-clavicular  articulation,  262 

pract.  consid.,  264 
Acromion  process,  250 
Adamantoblasts,  1561 
Adipose  tissue,  79 

chemical  composition  of,  83 
After-birth,  55 
Agger  naši,  193 

Agminated  glands  (Peyer's  patches),  1641 
Air-cells,  ethmoidal,  1424 

pract.  consid.,  1429 
Air-sacs  of  lung,  1850 
Air-spaces,  accessory.  142 1 

pract.  consid.,  1426 
Ala  cinerea,  1097 
Albinism,  1461 
Alcock's  canal,  817 
Alimentary  canal,  1538 

tract,  devclopment  of,  1694 
Alisphenoids,  186 
AUantois,  32 

artehes  of,  ^^ 
human,  35 
stalk  of,  33 
veins  of,  ^^ 
Alveoli  of  lung,  1850 
Ameloblasts,  1561 
Amitosis,  14 
Amnion,  30 
falso.  31 
folds  ni,  30 
human,  35 

ca  vi  I  v  of,  35 
fluid  of,  41 
liquor  of.  31 
suture  of.  31 
Amniota.  30 
Amphiarlhrosis.  107 
Anal  vanal,  1673 
Analojjue,  4 
Anamnia,  30 
Anaphascs  of  mitosis.  13 
Anastomoscs,  of  ophthalmic  vcins,  880 


Angulus  Ludovici,  168 
Ankle,  landmarks  of,  672 

muscles  and  fascise  of,  pract.  consid.,  666 
Ankle- joint,  438 

movements  of,  440 
pract.  consid.,  450 
Annuli  fibrosi,  of  heart,  698 
Annulus  ovalis,  695 
tympanicus,  1493 
of  Vieussens,  695 
Anorchism,  1950 
Anthropology  of  skull,  228 
Anthropotomy,  i 
Antihelix,  1484 
Antitragus,  1484 
An  trum,  227 

of  Highmore,  1422 

pract.  consid.,  1428 
pvlori,  1 61 8 
oi  superior  maxilla,  201 
Anus,  1673 

formation  of,  1695 
muscles  and  fasci^c  of,  1675 
pract.  consid.,  1689 
Aorta,  abdominal,  704 

branches  01,  pract.  consid.,  80O 
plan  of  branches,  796 
pract.  consid.,  796 
dorsal.  721 
pulmonary,  722 
segmental  artcries  of,  847 
svstemic,  723 
thoracic,  791 

prac.  consid.,  726 
val  ves  of.  700 
ventral,  721 
Aortic  arch,  723 

pract.  consid.,  726 
variations  of,  724 
bodics,  181 2 
bows,  847 
septum,  707 
Aponeurosis,  468 

abdominal,  ventral,  521 
epicranial,  482 
(lascia)  plantar,  659 
palmar,  606 
Appendages,vesicular,of  broad  ligament,2002 
Appendiccs  epiploica?.  1660 
Apj)endix  epidid>Tnidis,  1949 
testis,  1949 
vermiform,  1664 

blood-vessels  of,  1667 
devclopment  and  growth  of,  1068 
mesenterv  of,  1665 
orifice  of,  1662 
pcritoneal  relations  of,  1665 
pract.  consid.,  1681 
AquiBductus  cc)chlex,  1 5 1 4 

vestibuli.  151 2 
A<iueduct  of  Fallopius,  1496 

Svlvian.  11 08 
Aijucous  humor,  1476 

chambcr,  anterior  of,  1476 
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Aqueous  humor,  chamber,  posterior  of,  147 

pract.  consid.,  1476 
Arachnoia,  of  brain,  1203 

of  spinal  cord,  1022 
Arantius,  nodules  of,  700 
Archenteron,  25 
Arches,  visceral,  59 

fifth  or  third  branchial,  61 
first  or  mandibular,  60 
fourth  or  second  branchial,  6x 
second  or  hyoid,  60 
third  or  first  branchial,  61 
Arcuate  nerve-fibres,  107 1 
Area  acustica,  1097 
embrvonic,  23 
parolfactory,  11 53 
pellucida,  25 
Areota,  2028 

Arm,  lymphatics,  deep,  of,  965 
superficial,  of,  963 
mtiscles  and  fascia  of,  pract.  consid.,  589 
Amold's  ganglion,  1246 
Arrectores  pilorum,  1394 
Arterial  system,  general  plan  of,  720 
Artery  or  arteries,  719 

aberrant,  of  brachial,  775 
allantoic,  33 
alveolar,  741 

of  intemal  maxillary,  741 
anastomoses  around  the  elbow,  778 
anastomotica  magna,  of  brachial,  778 

of  femoral,  831 
angular,  738 

of  facial,  738 
aorta,  systemic.  723 
articular,  of  popliteal,  833 
auditory,  internal,  759 
auricular,  anterior,  of  temporal,  745 
deep,  740 

of  internal  maxillary,  740 
of  occipital,  744 
posterior,  744 
axillary,  767 

pract.  consid.,  769 
azygos,  of  vaginal,  812 
basilar,  758 
brachial,  773 

pract.  consid.,  776 
brachialis  superficialis,  775 
bronchial,  792 
buccal,  741 

of  intemal  maxillary,  741 
to  bulb  (bulbi  urethrae),  817 
calcancal,  external,  838 
internal.  839 
of  external  plantar,  840 
calcarine,  760 
carotid,  common,  730 

pract.  consid.,  731 
external,  733 

pract.  consid.,  733 
internal,  746 

pract.  consid.,  747 
svstem,  anastomos<^s  of.  753 
carpai,  of  anterior  radial,  788 
of  anterior  ulnar,  782 
arch,  |xisterior,  789 
of  ]x)Steri()r  radial.  788 
of   posterior  ulnar,  782 
reta.  anterior,  791 
centralis  retinic,  749 
cerelx;llar,  inferior.  anterior,  759 

posterior,  759 


Artery  or  arteries,  cerebellar,  superior,  759 
cerebral,  anterior,  753 

middle,  752 

posterior,  760 
cervical,  ascending,  of  inferior  th>Toid, 
766 
of  transverse  cervical,  767 

deep,  764 

superficial,  766 

transverse,  767 
choroid,  anterior,  752 
ciliary,  74^ 

antenor,  749 

posterior,  749 
circle  of  Willis,  760 
circumflex,  anterior,  773 

extemal,  of  deep  femoral,  828 

intemal,  of  deep  femoral.  828 

posterior,  773 
circumpatellar  anastomosis,  834 
coccygeal,  of  sciatic,  815 
coeliac  axis,  797 
colic,  left,  803 

right,  802 
comes  nervi  ischiadici,  815 
communicating,  anterior,  753 

of  peroneal,  838 

posterior,  751 

of  posterior  tibial,  839 
coronary,  inferior,  738 
of  facial,  738 

left,  728 

right,  728 

superior,  738 

of  facial,  738 
of  corpus  cavemosum,  817 
cremasteric,  of  deep  epigastric,  820 

of  spermatic,  805 
crico-thyroid,  734 

of  superior  thyroid,  734 
cystic,  of  hepatic,  799 
dental,  anterior,  of  intemal  maxillary. 

741 

inferior,  740 
development  of,  846 

of  lower  limb,  848 

of  upper  limb,  848 
digital,  cotlateral,  of  ulnar,  784 

of  ulnar,  784 
dorsal,  of  foot,  845 

of  penis  (clitoris),  817 
dorsalis  hallucis,  846 

indicis,  789 

pedis,  845 

pollicis,  789 
epigastric,  deep,  820 

superficial,  826 

superior,  763 
ethmoidal,  749 

anterior,  750 

posterior,  749 
facial,  737 

anastomoses  of,  738 

glandular  branches  of,  737 

pract.  consid.,  738 

transverse,  745 
femoral,  821 

anastomoses  of,  831 

deep,  828 

development  of.  823 

pract.  consid.,  824 
fibular,  superior,  of  anterior  tibial,  844 
frontal,  of  ascending  middle  cerebral,  753 
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Artery  or  arteries,  frontal,  of  inferior  middle 
cerebral,  753 
intemal,  antenor,  753 
middle,  753 
posterior,  753 
of  ophthalmic,  750 
Gasserian,  of  middle  meningeal,  740 
gastric,  798 

short,  of  splenic,  800 
gastro-duodenal«  799 
gastro-epiploic,  left,  801 

nght,  799 
glandular,  of  facial,  737 
gluteal,  811 

pract.  consid.,  814 
hemorrhoidal,  inferior,  817 
middle,  813 
superior,  803 
hepatic,  799 
hyaloidea,  1474 
hypogastric  axis,  808 
obliterated,  808 
ileo-colic,  802 
iliac,  circumfiex,  deep,  821 
superficial,  826 
common,  807 

pract.  consid.,  807 
extemal,  818 

anastomoses  of,  821 
pract.  consid.,  819 
of  ilio-lumbar,  810 
intemal,  808 

anastomoses  of,  818 
pract.  consid.,  810 
ilio-lumbar,  810 

infrahyoid,  of  superior  thyroid,  734 
infraorbital,  741 

of  intemal  maxillary,  741 
innominate,  729 

pract.  consid.,  729 
intercostal,  of  anterior  intemal  mam- 
mary,  763 
aortic,  792 

of  intemal  mammary,  765 
superior,  764 
intemal  mammarv,  pract.  consid.,  764 
interosseous,  anterior,  781 
common,  781 
dorsal,  846 
posterior,  782 
intestinal,  of  superior  mesenteric,  802 
labial,  inferior,  738 

of  facial,  7,^8 
of  intemal  maxillary,  741 
lachrymal,  749 
lar>'ngeal,  inferior,  766 

superior,  of  superior  thvroid,  734 
.   ;'.*•'    lateral  cutancous,  of  aortic  intercostals, 

lenticulo-striate,  of  middle  cerebral,  752 
lingual,  735 

anastomoses  of,  736 

dorsal.  736 

pract.  consid.,  736 
lumbar.  805 

of  ilio-iumbar.  810 
malleolar,  exlemal.  844 

internal,  of  anterior  tibial,  844 
of  posterior  tibial.  839 
mammarv,  of  aortic  intercostals,  793 

internal,  763 

lateral  intemalv  764 
masseteric,  740 


Artery  or  arteries,  masseteric,  of  facial,  738 

of  internal  maxiUary,  740 
mastoid,  of  occi pital,  744 
maxillary,  intemal,  739 

anastomoses  of,  742 
development  of,  742 
median,  781 
mediastinal,  of  intemal  mammary,  763 

of  thoracic  aorta,  792- 
meningeal,  anterior,  748 

of  ascending  pharyngeal,  743 

middle,  740 

of  intemal  maxillary,  740 

posterior,  of  occipital,  744 
of  vertebral,  758 

small,  740 
mesenteric,  inferior,  802 

superior.  801 
metacarpal,  dorsal,  789 
metatarsal,  of  foot,  845 
middle,  colic,  802 
musculo-phrenic,  763 
nasal,  lateral,  738 

of  facial,  738 

of  ophthalmic,  7  50 
naso-palatine,  of  intemal  maxillary,  742 
nutrient,  of  brachial,  774 

of  peroneal,  838 

of  posterior  tibial,  838 

of  ulnar,  781 
obturator,  813 

from  deep  epigastric,  814 
occipital.  743 

pract.  consid.,  744 
oesophageal,  of  gastric,  798 

of  thoracic  aorta,  792 
omphalomesenteric,  32 
ophthalmic.  748 

anastomoses  of,  7^0 
orbital,  of  middle  menmgeal,  740 

of  temix)ral,  745 
ovarian,  805 

of  uterine,  813 
palatine,  ascending,  737 
of  facial,  737 

descending,  741 

of  intemal  maxillary,  741 
palmar  arch,  deep,  785 
superficial,  784 

deep,  782 

interosseous,  790 
|xili)ebral,  of  intemal  maxillary,  741 

of  ophthalmic,  7  50 
pancreatic,  of  splenic,  800 
pancreatico-duodenal,  inferior,  802 

superior.  799 
|Xirietal,  of  middle  cerebral,  753 
jxirieto-occipital,  760 

temporal,  753 
parotid.  of  temporal,  745 
perforating,  of  anterior  intemal  mam- 
marv, 763 

of  deep  femoral,  828 

posterior,  of  extemal  plantar,  840 

of  radial.  791 
perincal,  superficial,  817 

transverse,  817 
peroneal.  anterior,  838 

p<^sterior.  838 

of  posterior  tibial,  838 
petrosal,  of  middle  meningeal,  740 
pharvngeal,  ascending,  743 

of  ascending  phar>mgeal,  743 
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Artery  or  arteries,  phrenic,  inferior,  804 

superior,  763 
plantar  arch,  840 

digital,  840 

extemal,  840 

intemal,  839 

interosseous,  840 
popliteal,  831 

pract.  consid.,  832 
posterior  choroidal,  760 
princeps  cervicis,  744 

hallucis,  841 

poUicis,  789 
profunda,  inferior,  777 

superior,  777 
prostat ic,  812 
pterygoid,  740 

of  intemal  maxillary,  740 
pterygo-palatine,  742 

of  intemal  maxillary,  742 
pubic,  of  deep  epigastric,  820 

of  obturator,  813 
pudic,  extemal,  deep,  828 
supcrficial,  826 

internal,  815 

accessory,  818 
piilmonary,  722 

val  ves  of,  700 
pyloric,  of  hepatic,  799 
radial,  785 

development  of,  786 

pract.  consid.,  786 

recurrent,  787 
radialis  indicis,  790 

superficialis,  775 
ranine,  736 
recurrent,  of  palm,  791 

of  postenor  interosseous,  782 
renal,  804 
sacral,  lateral.  810 

middle.  806 
scapular,  dorsal,  773 

posterior,  767 
sciatic,  815 
septal,  of  noše,  738 
sigmoid,  803* 
spermatic,  805 
spheno-palatine,  742 

of  intemal  maxillary,  742 
spinal,  anterior,  of  vertebral,  759 

posterior,  of  vertebral,  758 
splenic,  800 

stemo-mastoid,  of  extcmal  carotid,  743 
of  occi pital,  744 
of  superior  thvroid,  734 
striate,  external,  of  middle  cerebral,  752 

intemal,  of  middle  cerebral,  752 
structure  of,  675 
stvlo-masloid,  745 
subdavian,  753 

]>ract.  consid.,  756 
subiostal,  702 
sublinjijual,  736 
submcntal,  737 

of  facial,  737 
subsoa])ular,  772 
suprahvoid.  736 
supraorbilal,  749 
suprarcnal,  804 

inferior,  804 
suprascapular.  767 
tarsal,  external,  845 

internal,  845 


Artery   or  arteries,   temporal,   anterior.    of 
vertebral,  760 
deep,  740 

of  internal  maxillary,  740 
middle,  745 
posterior,  of  vertebral,  760 
superficial,  745 

pract.  consid.,  745 
thoracic,  acromial,  771 
alar,  772 
long,  772 
superior,  771 
thyroia  axis,  765 

pract.  consid.,  766 
infenor,  766 
superior,  734 

pract.  consid.,  735 
tibial,  anterior,  842 

anastomoses  of,  844 
pract.  consid.,  842 
posterior,  834 

anastomoses  of,  841 
development  of,  836 
pract.  consid.,  836 
recurrent,  anterior,  844 
posterior,  844 
tonsillar,  737 

of  facial,  737 
tubal,  of  ovarian,  805 

of  uterine,  813 
tympanic,  of  intemal  carotid,  748 
of  intemal  maxillary,  740 
of  middle  meningeal,  740 
ulnar,  778 

accessory,  776 
development  of,  779 
pract.  consid.,  780 
recurrent,  anterior,  781 
posterior,  781 
umbilical,  54 
ureteral,  of  ovarian,  805 
of  renal,  804 
of  s|)ermatic,  805 
of  uterine,  813 
urethral,  817 
uterine,  812 
vaginal,  812 
vertebral,  758 

pract.  consid.,  761 
vesical,  inferior,  811 
middle,  811 
of  obturator,  813 
superior,  81 1 
vesiculo-deferential,  812 
Vidian,  742 
vitelline   32 
volar,  superficial,  788 
Arthrodia,'  1 13 

Articulation  or  articulations,  acromio-clavic- 
ular,  pract.  consid  ,  264 
carpo-metacartxal,  325 

movements  of,  326 
costo-vertcbral,  160 
of  cthmoid,  194 
of  foot,  440 
of  front  al  bone,  197 
of  inferior  turbinate  bone,  208 
of  lachrvmal  bone,  207 
of  malar  bone.  210 
metacarpo-phalangeal,  327 

movements  of,  328 
of  n«isal  bone,  209 
of  occipital  bone,  atlas,  and  axis,  135 
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Articulation  or  articulations,  of  palate  bone, 
205 

of  p^arietal  bone,  199 

sacro-iliac,  338 

scapulo-clavicular,  262 

of  sphenoid  bone,  190 

sterno-clavicular,  261 
pract.  consid.,  263 

of  superior  maxilla,  202 

of  temporal  bone,  184 

temporo-mandibular,  2x4 
development  of,  215 
movements  of ,  215 

thoracic  anterior,  1 58 

of  thorax,  157 

of  thumb,  326 

tibio-fibular,  inferior,  396 
superior,  396 

of  vertebral  column,  132 

of  vomer,  206 
Arytenoid  cartilages,  181 6 
Asterion,  228 
Astragalus,  423 

development  of,  425 
Astrocytes,  1003 
Atlas,  120 

development  of,  131 

variations  of,  120 
Atria  of  lung,  1850 
Auditory  canal,  extemal,  1487 

blood-vessels  of,  1489 
nerves  of,  1490 
pract.  consid.,  1491 
intemal,  15 14 

ossicles,  1496 

path,  1258 
Auerbach,  plexus  of,  1643 
Auricle  or  auricles,  1484 

antihelix  of,  1484 

antitragus  of,  1484 

blood-vessels  of,  1486 

cartilage  of,  1485 

concha  of,  1484 

of  heart,  693 

helix  of,  1484 

ligaments  of,  1486 

lobule  of,  1484 

muscles  of,  1486 

nerves  of,  1487 

pract.  consid.,  1490 

structure  of,  1485 

tragus  of,  1484 
Auricular  canal,  705 
Auriculo-ventricular  bundle  of  heart,  701 

Axilla,  574 

muscles  and  fascia  of,  pract.  consid.,  579 

Axis,  121 

Axis-cylinder,  looi 
Axones,  of  ncurones,  097 
Azygos  svslem  of  vcins,  893 

Bartholin,  glands  of.  2026 

Basion,  228 

Bell,  extemal  respiratory  nerve  of,  1295 

Bertin.  bones  of,  igi 

columns  of,  1876 
Bicuspid  leeth.  1545 
Bile-capillaries,  i  7 1  5 
Bile-duct,  common,  1720 
opcning  of.  i  720 
pract.  consid.,  1731 

interlohular,  1 7 1  7 

lymphatics  of,  981 


Biliary  apparatus,  17 18 
Bladder,  lymphatics  of,  985 
urinary,  1901 

capacity  of,  1903 
development  of,  1938 
in  female,  1908 
fixation  of,  1905 
infantile,  1908 
interior  of,  1904 
nerves  of,  19 10 
peritoncal  relations  of,  1904 
pract.  consid.,  1910 
relations  of,  1906 
structure  of,  1908 
trigone  of,  1904 
vessels  of,  1910 
Blastoderm,  22 
bilaminar,  23 
trilaminar,  23 
Blastodermic  layers,  22 

derivatives  of,  24 
vesicle.  stage  of,  56 
Blastomeres,  21 
Blastopore,  25 
Blastula,  25 
Blood,  680 

Blood-cells,  colored,  681 
colorless,  684 
development  of,  687 
Blood -crystals,  681 

lakes  of  dural  sinuses,  852 
plaques,  685 
Blood- vascular  svstem,  673 
Blood-vessels  of  auricle,  1486 
of  bone,  93 
of  brain,  1 206 
capillary,  678 
of  cartilage,  81 
development  of,  686 
of  duodenum,  1649 
of  Eustachian  tube,  1504 
of  extemal  auditory  canal,  1489 
of  evelids,  1445 
of  giands,  1535 
of  hair-follicles,  1394 
of  kidney,  1884 
of  liver,  1 709 
lobular,  of  liver,  17 13 
of  lung,  1853 

of  membranous  labyrinth,  1522 
of  nasal  fossa,  1425 
of  non-striated  muscle,  456 
of  noše,  1407 
of  i)ericardium,  716 
of  pleura,  1860 
of  rectum,  1679 
of  retina,  1467 
of  skin.   1387 
of  small  intestine,  1642 
of  spinal  cord,  1047 
of  stomach,  1627 
of  striated  muscle,  464 
structure  of,  673 
of  sweat  giands,  1400 
vaša  vasorum.  674 
Body-cavity,  diffcrentiation  of.  1700 
Bodv-form,  general  development  of,  56 
Body-stalk,  37 
Bone  or  bones.  84 
age  of,  106 
astragalus,  423 
of  Bertin,  loi 
bl<x)d-vcssols  of,  93 
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Bone  or  bones,  calcaneum,  419 
canaliculi  of ,  86 
cancellated,  85 
carpus,  309 
cells  of ,  89 

Chemical  composition  of,  84 
clavicle,  257 
compact,  86 

development  of,  100 
cranium,  172 
cuboid,  422 
cuneiform,  310 

extemal,  428 

intemal,  426 

middle,  427 
development  of,  94 

endochondral,  94 
intramembranous,  98 
diaphysis  of,  104 
elasticity  of,  105 
ethmoid,  191 
femur,  352 
fibula,  390 
frontal,  194 
general  considerations  of,  104 

Sowth  of,  loi 
aversian  canals  of,  88 

system  of,  86 
humerus,  265 
hyoid,  216 
ihum,  332 

inferior  turbinate,  208 
innominate,  333 
intramembranous,  10 1 
ischium,  ^36 
lachrymal,  207 
lacunae  of,  86 

lamellae  of,  circumferential,  86 
Haversian,  86 
interstitial,  86 
lymphatics  of,  93 
malar,  209 
maxilla,  inferior,  211 

supjerior,  199 
mechanics  of,  105 
metacarpal,  314 
metatarsal,  428 
nasal,  209 
nerves  of,  94 
number  of,  107 
occi  pital,  172 
os  magnum,  312 
palate,  204 
parietal,  197 
parts  of,  106 
patella,  398 
periosteum  of.  89 
phalangcs  of  foot,  432 

of  hand,  3 1 7 
phvsical  properties  of,  85 
piši  form,  311 
pul^es.  334 
radius.  287 

relation  of  to  figure,  107 
ribs,  i4g 
scaphoid,  309 

of  f(K)t,  425 
scapula,  248 
seinilunar,  310 
sesamoid,  104 
sex  of,  106 
shajx;s  of,  104 
Sharpey's  fibres  of,  87 


Bone  or  bones,  of  shoulder-girdle,  348 

skull,  172 

sphenoid,  x86 

sphenoidal,  turbinate,  191 

stemum,  155 

structure  of,  85 

subp>eriosteal,  98 

tarsal,  419 

temporal,  176 

of  tnorax,  149 

tibia,  ^82 

trapezium,  31  z 

trapezoid,  311 

ulna,  281 

unciform,  312 

variations  of,  107 

Volkmann's  canals  of,  89 

vomer,  205 
Bone-marrow,  90 

cells  of,  92 

giant  cells  of,  92 

nucleated  red  cells  of,  92 
erythroblasts,  92 
normoblasts,  92 

primary,  95 

red,  90 

yellow,  93 
Bov-man.  glands  of,  141 5 

membrane  of,  1451 
Brachium,  inferior,  1107 

internal  structure  of,  11 10 

superior,  1107 
Brain,  10^5 

blooa-vessels  of,  1206 

general  development  of,  1058 

lymphatics  of,  948 

measurements  of,  1195 

membranes  of,  1197 

pract.  consid.,  1207 

weight  of,  1 196 
Brain-sand  (acervulus),  11 25 
Brain-stem,  1056 
Brain-vesicies,  primary,  1059 

secondary,  1061 
Branchial  arches,  derivati  ves  of,  847 
Bregma,  228 
Bronchial  tree.  1847 

variations  of,  1849 
Bronchus  or  bronchi,  1838 

homologies  of,  1848 

pract.  consid.,  1840 
Brucn,  membrane  of,  1456 
Brunner,  glands  of,  1639 
Buccal  fat-pad,  489 
Bulb,  1063 

of  intemal  jugiilar  vein,  861 

olfactory ,  1151 

urethral,  1968 
Bulbo-tecto-thalamic  strands,  xii6 
Bulbus  vestibuli,  2025 
Bulla,  of  ethmoid,  194 
Bums,  space  of,  543 
Bursa  or  bursae,  m 

acromial,  586 

around  ankle,  648 

bicipito-radial,  586 

iliopectineal,  623 

of  biceps  femoris,  636 

of  gluteal  region,  630 

of  knee-joint.  406 

of  m.  obturat.  int.,  630 

of  m.  pyriformis,  561 

olecranal,  586 
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Bursa  or  bursas,  subdeltoid,  578 

subscapular,  578 
Buttocks,  landmarks  of,  669 

muscles  and  fasciae  of,  pract.  consid.,  641 

Caecum,  1660 

blood-vessels  of.  1667 

interior  of,  x66i 

peritoneal  relations  of,  1665 

position  of,  1663 

pract.  consid.,  1680 

structure  of,  1663 
Calamus  scriptorius,  1096 
Calcaneum,  419 
Camper*s  fascia,  ^15 
Canal  or  canals,  Alcock'8,  817 

alimentary,  1538 

anal,  1673 

auditory,  extemal,  1487 

auricular  of  heart,  705 

carotid,  184 

central,  of  spinal  cord,  1030 

of  Cloquet  (Stilling),  1474 

crural,  625 

ethmoidal  (foramina),  193 

facial,  184 

femoral,  625 

Haversian,  of  bone,  88 

Hunter*s,  628 

hyaloid,  1474 

incisive,  14 13 

inguinal,  523 

naso-lachrymal,  1479 

neural,  26 

neurenteric,  25 

of  Nuck,  2006 

palatine,  an tenor,  201 
posterior,  204 

of  Peti  t,  1476 

pterygo-p>alatine,  205 

reuniens,  151 5 

of  Scarpa,  201 

of  Schlemm,  1452 

semicircular  membranous,  1515 
osseous,  1 51 2 
structure  of ,  1 5 1 6 

of  Stenson,  201 

of  Stilling,  1474 

Vidian,  18^ 

Volkmann  s,  of  bone,  89 
Canaliculi,  of  bone,  86 

lachrvmal,  1478 
Canine  toeth,  1 544 
Canthi  of  eye,  1442 
Capitellum  of  humerus,  268 
Capsule,  extomal,  11 72 

of  Glisson,  1708 

intcmal,  11 73 

Suprarenal  (body),  1801 

of  Tenon,  504 
Caput  medusa?,  534 
Cardiac  musc-le,  462 
Cardinal  system  of  veins,  854 
Carina  trachca?,  1837 

urethralis,  301  o 
Carotid  body  (gland),  i8og 

chromafline  cclls  of,  18x0 
sheath,  543 
Carpo-met;uari>al  articulations,  325 
Carpus,  3og 

pract.  consid.,  319 
Cartilage  or  cartilagos,  80 


Cartilage  or  cartilages,  articular,  8x 

arytenoid,  18x6 

of  auricle,  1485 

blood-vessels  of,  8x 

capsule  of,  80 

Chemical  composition  of,  83 

costal,  153 

cricoid,  1813 

cuneiform  of  Wrisberg,  1817 

development  of,  82 

elastic,  81 

fibrous,  82 

hyaline,  80 

lacunae  of ,  80 

lateral,  of  noše,  1405 

matrix  of,  80 

of  nasal  septum,  1405 

of  noše.  1404 

perichondrium  of,  81 

of  Santorini,  1817 

thyroid,  181 4 

triangular,  of  nasal  septum,  934 

vomerine,  1406 
Cartilage-cells,  80 
Carunculae  hymenales,  2016 

salivares,  1581 
Caruncle,  lachrymal.  1443 
Ca  uda  equina  of  spinal  cord,  1025 
Cavity,  abdominal,  1615 

nasal,  223 

pneumatic  accessory,  326 

segmentation.  22 

synovial,  of  foot,  447 

tympanic,  1492 

of  tympanum,  183 
Celi  or  cclls,  animal,  6 

of  bone,  89 

of  connective  tissues,  73 

decidual,  47 

gustatory,  1435 

mastoid,  1504 

of  Rauber,  23 

spermatogenetic,  1943 

tactile,  of  Merkel,  10 16 
Cell-division,  10 

direct,  14 

indirect,  1 1 

reduction  division,  18 
Cell-mass,  inner,  23 

intermediate,  29 
Cementoblasts,  1563 
Cement  um,  1552 

format  ion  of,  1 563 
Centrosome,  9 
Cephalic  flexure,  1061 
Cerebellar  peduncle.  fibre-tracts  of,  1093 
inferior,  1067 

inferior,  fibre-tracts  of,  1093 
middle,  fibre-tracts  of,  ioq4 
superior,  fibre-tracts  of,  xo94 
Cerebellum,  1082 

architecture  of,  1088 

cortex  of,  1090 

histogenesis  of.  1 105 

development  of ,  1103 

flocculus  of,  1085 

hemispheres  of,  1082 

lobus  cacuminis  of,  1085 
centralis  of.  1084 
divi  of.  1085 
culminis  of,  1084 
linguls  of,  1084 
noduli  of,  1085 
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Cerebellum,  lobus  pyramidis  of ,  1086 
tuberis  of,  1087 
uvulae  o£,  1086 

medullary  substance  of,  1093 

nuclei,  intemal  of,  1088 

nucleus,  dentate  of,  1088 

emboliformis  (embolus)  of,  1089 
fastigii  of,  1089 
globosus  of,  1089 

Purkinje  cells  of,  1090 

tonsil  (amygdala)  of,  1086 

worm  of,  1082 
Cerebral  commissures,  development  of,  1194 

convolutions  (gyri),  1135 

fissures  (sulci),  1135 

hemispheres,  1133 

architecture  of,  11 55 
longitudinal  fissure  of,  1133 

lobes,  1 135 

localization,  12 10 

peduncles,  11 07 
Cerebro-spinal  fluid,  1023 
Cerumen,  1489 
Cervical  flexure,  1062 
Cheeks,  1538 

lymphatics  of,  951 

pract.  consid.,  1594 
Choanae,  1413 

(bony),  224 

primitive,  1429 
Chorda  dorsalis,  27 
Chordae  tendineae,  of  heart,  697 
Choriocapillaris,  1456 
Chorion,  32 

allantoic,  ^^ 

epithelium  of,  49 

frondosum,  38 

human,  41 

laeve,  38 

primitive,  31 

syncytium  of,  49 

villi  of,  49 
Choroid,  1455 

development  of,  1482 

plexus  of  fourth  ventricle,  iioo 
of  third  ventricle,  1131 

pract.  consid.,  1459 

structure  of,  1456 
Chromaffine  cells  of  carotid  body,  181  o 
Chromatin,  9 
Cilia,  70 
Ciliary  body,  1457 

ganglion,  1236 

muscle,  1458 

processes,  1457 

ring,  1457 
Circulation,  tcetal,  929 

general  plan  of.  719 
Cisterna  magna,  1203 
Ciaustrum,  1 172 
Clava,  1066 
Clavide.  257 

development  of,  258 

fracture  of.  259 

landmarks  of,  260 

pract.  ct^nsid.,  258 

soxiial  (lifferences.  258 

.<urfaee  anatomv  of,  258 
Clinoid  process,  anterior.  189 

j>rfxesses.  middle.  186 
]>osterior,  186 
Clitons,  2024 

glans  of,  2024 


Clitoris,  nerves  of,  2025 
prepuce  of,  2024 
vessels  of,  2025 
Cloaca,  1696 
Cloquet,  canal  of,  1474 

lymph-nodes  of,  992 
Coccygeal  body,  1810 
Coccyx,  127 

development  of,  131 
Cochlea,  membranous,  1517 
nerves  of,  1521 
organ  of  Corti  of,  1519 
Reissner's  membrane  of ,  1 5 1 7 
structure  of,  1518 
osseous,  1 513 
Coeliac  plexus,  lymphatic,  973 
Coelom,  28 

pericardial,  1700 
pleural,  1700 
Cohnheim's  fields  of  striated  muscle-fibre,  461 
Collagen,  83 
Colles,  fascia  of,  562 
ligament  of,  523 
Colliculi  inferiores,  1107 

superiores,  1107 
Colliculus,    inferior,    intemal    structure    of. 
1 1 10 
superior,  intemal  structure  of,  11 10 
Colon,  1668 

ascending,  1668 
blood-vessels  of,  1672 
descending,  1669 
flexure,  hepatic  of,  1668 

splenic  of,  1668 
lymphatics  of,  1672 
nerves  of,  1672 
peritoneal  relations  of,  1670 
pract.  consid.,  1685 
relations  of,  1668 
transverse,  1668 
Colostrum,  2031 

corpuscles,  2031 
Columnae  cameae,  of  heart,  697 
Column,  spinal,  114 
Columns,  anterior,  of  spinal  cord,  1027 
lateral,  of  spinal  cord,  1027 
of  Morgagni,  1674 
posterior,  of  spinal  cord,  1027 
Commissura  habenulae,  11 24 
hippocampi,  11 58 
hypothalamica,  11 28 
Commissure,  anterior,  1185 
of  Meynert,  11 15 
middle,  1 1 19 
posterior,  11 25 
Concha,  1484 
Condylarthrosis,  113 
Conjunctiva,  1441 
bulbar.  1445 
palpebral,  1445 
pract.  consid.,  1447 
Connective    substances,    chemical    compoGi 
tion  of,  83 
tissues.  73 

cells  of.  73 
fixed,  74 
typical,  74 
\vandering.  74 
chemical  composition  of,  83 
granule-cells  of,  74 
ground-substance  of,  75 
intercellular    constituents  of,  74 
pigmcnt-cells  of,  74 
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Construction,  general  plan  of,  i 
Conus  medullaris,  of  spinal  cord,  loii 
Convolutions  (gyri)  cerebral,  1135 
Cooi)er,  ligaments  of,  2029 
Cord,  spermatic,  1960 
Corium,  1383 
Cornea,  1450 

pract.  consid.,  1453 
structure  of,  1451 
ComiculiE  laryngis,  1 8 1 7 
Comua  sphenoidalia.  191 
Corona  radiata,  1 1 86 
Coronoid  proccss,  of  ulnn,  281 
Corpora  cavemosa  of  penis,  iq66 
mammillaria  (albicantia),  1128 
quadrigemina,  lioo 
Corpus  albicans,  1991 
Arantii,  700 
callosum,  11 55 
ciliare,  1457 
dentatum,  1088 
hbrosum,  1991 
Highmori,  1942 
lutcum,  1990 

spongiosum,  of  penis,  1967 
striatum,  1 1 69 

connections  of,  1 1 72 
developmentof,  1193 
structure  of .  1 1 7 1 
subthalamicum,  1128 
trapezoides,  1079 
Corpuscles,  comeal,  1452 
genital,  1017 
of  Grandry,  1016 
of  Hassall,  1799 
of  Herbst,  1019 
of  Meissner,  1017 
of  Ruffini,  1017 
Vater-Pacinian,  10 18 
Cortex  of  cerebellum,  1090 

cerebral,  histogenesis  of,  1192 
local  variations  in,  11 80 
nerve-cells  of,  1170 
nerve-fibres  of ,  1 1 79 
structure  of,  1175 
Corti,  gangUon  of.  1257 
membrane,  1521 
organ  of,  1519 
Costal  cartilage,  1 53 
Cotyledons  of  placenta.  50 
Cowiier,  glands  of,  1984 
Cranial  capacitv,  230 
nerves,  12 19 

abduccnt  (6th),  1249 
auditorv  (8th).  1256 
develonment  of,  1376 
facial  (7th).  1250 
glosso-pharvngeal  (gth),  1260 
hyix)gl(.)ssal  (i2th),  1275 
očulomotor  (3rd),  1225 
olfactory  (isl),  1220 
optic  (2nd).  1223 
pract.  consid.,  1220 
spin:il-access<)ry  (iith),  1274 
trigeminal  (5lh),  1230 
trochlear  (4th),  1228 
vagus  (loth),  1265 
Cranio-cercbnil  topography,  1214 
Cranium,  172 

architecturc  of,  220 
exleri<)r  of,  218 
fossa,  anterior,  220 
middle  of,  220 


Cranium,  fossa,  jnjsterior  of,  220 
fractures  of,  238 
interior  of,  220 

muscles  and  fascia\  ]>ract.  consid.,  489 
pract.  consid.,  235 
vault  of,  220 
Cretinism,  1794 
Cricoid  cartilage,  1S13 
Crista  galli,  of  ethmoid,  191 
Crura  of  penis,  19O7 
Crusta,  1 1 1 5 
Cuboid  bone,  422 
Cumulus  Oophorus,  1989 
Cuneate  nucleus.  1069 
tubercle,  10O7 
Cuneiform  bone,  310 
cxtemal,  428 
intemal,  426 
middle,  427 
Cuticle.  1385 
Cuvier,  ducts  of,  854 
Cystic  duct,  1720 

pract.  consid.,  1731 
Cytoplasm,  structure  of,  7 

Dacryon,  228 

Danvin,  tubercle  of,  14S4 

Decidua,  44 

capsularis,  4  o 

cells  of,  47 

placentalis,  48 

refiexa,  45 

serotina,  48 

vera,  46 
Decussation  of  pvramids,  1064 

sensury,  1070 
Deiters,  cells  of,  1521 

nucleus,  1076 
Dcmours,  membrane  of,  1452 
Dendrites.  of  neurones,  997 
Dent al  formula.  1542 

^>apilla.  1558 
Dentme,  1550 

fonnation  of.  1559 
Dentition,  tirst  and  second,  1 564 
Derma,  1383 

Descemet  s  membrane,  1452 
Deutoplasm,  15 
Development  of  alimentar>'  tract,  1694 

of  atlas,  131 

of  auditory  ner\'es,  1525 

of  axis,  1 3 1 

of  l>one.  94 

of  carpus.  313 

of  cartilage.  82 

of  cerelxjllum,  1103 

of  clavicle,  258 

pi  coccyx,  131 

of  cranial  nerves,  1376 

of  ear,  1523 

earlv,  15 

of  efastic  tissue,  77 

of  ethmoid  bone,  104 

of  extemal  ear.  1526 

of  extemal  genital  organs,  2043 

of  eye,  1480 

of  face,  62 

of  Fallopian  tube,  1999 

of  femur,  359 

of  fibrous  tissue,  76 

of  fibula,  393 

of  front  al  bone,  197 

of  ganglia,  1012 
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Development,  general,  of  brain,  1058 
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general  body-£orm,  56 

glands,  1537 

hairs,  1401 

heart,  705 

humerus,  369 

hyoid  bone,  216 

inferior  turbinate  bone,  208 

innominate  bone,  337 

intemal  ear,  1523 

kidney,  1937 

liver,  1723 

lungs,  1 86 1 

lymphatic  vessels,  939 

lymph-nodes,  940 

malar  bone.  210 

mammary  glands,  3032 

maxi]la,  inferior.  213 

maxilla,  superior,  202 

meduUa  oblongata,  11 01 

mesencephalon,  1117 

middle  ear,  1525 

muscle,  non-striated,  457 

muscle,  striated,  465 

nails,  1403 

nasal  bone,  209 

nerves,  1375 

nervous  tissues,  1009 

noše,  1429 

occipital  bone,  175 

oral  cavitv,  62 

glands,  \  589 
ovary,  1993 
p>alate  bone,  205 
pancreas.  1737 
parietal  bone,  199 
p>atella,  400 
pelvis,  344 

peri  pheral  nerves ,  i  o  1 1 
peritoneum,  1702 
pharynx,  1603 
pituitary  bodv,  1808 
pons  Varolii,  11 03 
prostate  gland,  1979 
radius,  293 

reproductive  organs,  2037 
respiratory  tract,  1861 
ribs,  153 
sacrum.  129 
scapula,  253 
skin,  1400 
sphenoid  bone.  190 
spinal  cord.  1049 
spleen,  1787 
stemum,  157 
suprarcnal  bodies,  1804 
svveat  glands.  1404 
svmpathctic  svstem,  1013 
toeth.  1556 
teinjjoral  bone.  184 
thymus  bodv.  1800 
thvroid  bodv,  1 793 
tibia,  387 
iilna,  285 
urethra,  1038 
urinarv  bladder,  1938 

organs.  11)34 
uterns.  2010 
vagina,  2019 
vcins.  g2  6 
vertebne.  128 
vomer,  206 


Diaphragm,  ^56 

lymphatics  of,  970 

of  pelvis,  1676 
Diaphra^a  sellae,  1200 
Diaphysis,  of  bone,  104 
Diarthrosis,  107 
Diencephalon,  11 18 
Diverticulum  of  Meckel,  44 
Dorsum  sellae,  186 
Douglas,  fold  of,  522 

pouch  of,  1 74 J 
Duct  or  ducts,  cochlear,  151 7 

of  Bartholin,  1585 

bile,  1720 

of  Cuvier,  854 

cystic,  1720 

eiaculatory,  1955 

Gartner's,  2001 

hepatic,  1718 

lactiferous,  2028 

lyniphatic,  right,  945 

Mtlllerian,  2031 

nasal  (naso-lachrymal)  1479 

pancreatic,  1736 

paraurethral,  1924 

parotid,  1583 

of  Rathke,  2040 

renal,  1894 

of  Rivinus,  1585 

of  Santorini,  1736 

spermatic,  1953 

of  Stenson,  1 583 

sublingual,  1585 

submaxillary,  1584 

thoracic,  941 

thyro-glossal,  1793 

vitelline,  32 

of  VVharton,  1 584 

of  VVirsung,  1736 

Wolffian,  1935 
Ductus  arteriosus  (Botalli),  723 

endolymphaticus,  1514 

venosus  (Aarantii),  929 
Duodenal  glands,  1639 
Duodeno-hepatic  ligament.  1644 
Duodeno-jejunal  flexure,  1645 

fossse,  1647 
Duodenum,  1644 

interior  of,  1648 
Dupuytren's  contraction,  616 
Dura  mater  of  brain,  1198 

of  spinal  cord,  1022 

Ear,  1483 

development  of ,  1523 

extemal,  1484 

pract.  consid.,  1490 

intemal.  1510 

membranous  labvrinth  of ,  1 5 1 4 
osseous  labyrinth  of,  1511 
perilvmph  of,  1514 

lymphatic*s  of,  950 

middle.  1492 

antrum  of .  1 508 
Eustachian  tube,  1501 
mastoid  cells,  1 504 
pract.  consid.,  1504 
suprameatal  triangle,  1510 
supramcatic  spine,  1508 
tympanum  of,  1492 
Ear-p^int,  1484 
Ectoblast,  23 
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Egg-nucleus,  16 
Elastic  tissue,  76 

development  of,  77 
Elastin.  83 
Elbow-joint,  301 

landmarics  of,  308 

movements  of,  303 

pract.  consid.,  305 
Enibryo,  stage  of,  56 
Eminentia  hypoglossi,  1098 

teres,  1097 
Enamel,  1548 

formation  of,  1561 
Enamel-cells.  1561 
Enamel-cuticlc,  1550 
Enamel-organ,  1560 
Enarthrosis,  113 
Encephalon,  1055 
End-bulbs  of  Krausc,  1016 
End-knobs  of    free  sensory  nerve-endings, 

1015 
Endocardium,  702 

Endolymph  of  membranous  labyrinth,  151 4 
Endometrium,  2007 
Endomysium,  458 
Endoneurium,  1006 
Endothelium,  71 
Enophthalmos,  1439 
Ensiform  cartilage  of  stemum,  156 
Entoblast,  2^ 
Entoskeleton,  84 
Ependynial  cells,  1004 
Epicaraium,  702 
Epidermis,  1385 
Epididymis,  1947 

appendix  of,  1949 

canal  of,  1948 

digital  fossa  of,  1947 

globus  major  of,  1947 
minor  of,  1947 

ner\'es  of,  1948 

structure  of,  1947 

vaša  abberrantia  of,  1950 

vessels  of.  1948 
Epiglottis,  1 81 6 

ligaments  of,  1817 

movements  of ,  1 8 1 7 
Epimvsium,  458 
Epineurium,  1006 
Epiphvsis,  1 1 24 

ossification  of,  98 
Epispadias.  1928 
Epithalamus.  11 23 
Epithcliiim  of  chorion,  49 

columnar,  6q 

jjlandular.  70 

modificd.  70 

pigmentcd,  70 

six;cialized.  70 

squam(.>iis.  68 

stratified,  68 

transitional,  69 
Epitrichium,  1401 
Eponvchium,  1403 
Epoophoron.  2000 
Ervthroblasls,  02 
Erythrocytcs.  681 

devoiopmcnt  of,  687 
Ethmoid  lx)ne.  igi 

articulaliims  of,  194 
bulla  of,  i<)4 
colls  f»f.   K)  2 

development  of,  194 


Ethmoid  turbina  te  bone,  middle  of,  193 

superior  of,  193 
uncinate  process  of,  193 
Eustachian  tube,  1501 

blood-vessels  of ,  1 504 
cartilaginous  portion,  1502 
mucous    membrane  of,  1 503 
muscles  of ,  1 503 
osseous  portion,  1502 
pract.  consid.,  1507 
val  ve,  694 
Exocoelom,  32 
Exophthalmos,  1439 
Exoske]eton,  84 
Extremity,  lower,  332 

landmarks  of.  669 
lymphatics  of,  091 
upper,  landmarks  of,  618 
lymphatics  of,  961 
Eye,  1436 

development  of,  1480 
Ivmphatics  of,  949 
plica  scmilunaris  of,  1443 
pupil  of,  1459 
Eveball,  1448 

aqucous  humor  of,  1476 
chamber  anterior  of,  1476 

posterior  of,  1476 
choroid  of,  1455 
ciliarv  bodv  of,  1457 

prot^esses  of,  1457 
comea  of,  1450 
fovea  centralis  of,  1466 
iris  of,  1459 

lens,  crvstalline  of,  1471 
macula  lutea  of,  1466 
movements  of,  505 
optic  nerve  of,  1469 
ora  serrata  of.  1467 
pnict.  consid.,  1449 
retina  of,  1462 
sclera  of,  1449 
vascular  tunic  of,  1454 
vitrcous  bodv  of,  1473 
Evc-lashes,  1442 
Evelids,  1441 

blood- vessels  of,  1445 
development  of,  1483 
Ivmphatics  of,  1445 
nerves  of.  1446 
pract.  consid.,  1446 
structure  of,  1443 

Face,  222 

architecture  of.  228 
development  of,  62 
landmarks  of,  246 

muscles  and  fascicT,  pract.  consid.,  492 
pract.  consid.,  242 
Falciform  ligament,  1745 
Fallopian  tulx;,  1096 

changcs  in,  iqoo 

course  of,  1997 

development  of,  1999 

fimbriic  of.  1907 

infundibulum  of,  1997 

isthmus  of.  1097 

Ivmphatics  of,  988 

ncrves  of.  1099 

pract.  consid.,  1999 

relations  of,  1007 

structure  of,  1007 

vessels  of.  1908 
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Gladiolus  of  stemum,  155 
Gland  or  glands,  1531 

alveolar  (saccular)  compound,  1535 
(saccular)  simple,  1535 

anal,  1674 

areolar,  2028 

of  Bartholin,  2026 

of  Blandin,  1577 

blood-vessels  of,  1535 

of  Bownian,  141 5 

of  Brunner,  1639 

cardiac  of  stomach,  1624 

carotid,  1809 

ceruminous,  1489 

ciliary,  1400 

circumanal,  1400 

coccygeal,  181  o 

of  Co\vper,  1984 

cutaneous,  1397 

gastric,  1623 

of  Henle,  1445 

of  intestines,  1 63  7 

of  Krause,  1445 

lachrvmal,  1477 
ducts  of,  1477 

of  Lieberkuhn,  1637 

of  Luschka,  181  o 

lymphatics  of,  1536 

inammary,  2027 

Meibomian  (tarsal),  1444 

of  Moli,  1444 

of  Montgomerv,  2028 

mucous,  1534 

nerves  of,  1536 

of  Nuhn,  1577 

parotid,  1582 

prostate,  1975 

pyloric,  1624 

salivary,  1582 

sebaceous,  1397 

serous,  1534 

sexual,  development  of,  2038 

sublingual,  1585 

submaxillary,  1583 

sweat,  1398 

diict  of,  1399 
structure  of,  1399 

of  tongue,  1575 

tubo-alveolar,  1532 

tubular,  compound,  1532 
simple,  1532 

of  Tyson,  1966 

unicellular,  1531 

of  2^iss.  1444 
Glans  of  clitoris,  2024 

penis,  1968 
Glaser,  fissure  of,  178 
Glisson's  capsule  of  liver,  1708 
Globus  pallidus,  1 1 70 
Goblet-cells,  70 

Golgi-Mazzoni  corpuscles,  10 19 
Gonion,  228 
Graafian  follicles,  iq88 
Grandrv,  corpuscles  of,  1016 
Growth,  6 

f>f  bone,  loi 
Gudden,  inferior  commissure  of,  11 10 
Gums,  1567 

pract.  consid.,  1590 
Gustatory  cells,  1435 
Gyrus  or  gvri,  callosal  (fornicatus),  11 50 

(convolutions)  cerebral,  1135 

dentate,  11 66 


Gyrus  or  gyri,  development  of,  1 190 
hippocamp>al,  11 51 

Hair-cells  (auditory)  inner,  1520 

outer,  1520 
Hair-follicle,  1392 

blood-vessels  of,  1394 

nerves  of,  1394 
Hairs,  1389 

arrangement  of,  1391 

development  of,  1401 

growth  of,  1402 

structure  of,  1391 

whorls  of,  139 1 
Hair-shaft,  1391 

Hamular  process  of  inner  pterygoid  plate,  1 89 
Hamulus  of  bony  cochlea.  1514 
Hand,  309 

deep  fascia  of,  606 

landmarks  of,  320 

lymphatics  of,  964 

muscles  of,  606 

pract.  consid.,  613 

surface  anatomy  of,  328 
Harelip,  1589 

Hassall,  corpuscles  of,  1799 
Haversian  canals  of  bone,  88 

system  of  bone,  86 
Head,  movements  of,  142 
Heart,  annuli  fibrosi  of,  698 

annulus  ovalis,  695 
of  Vieussens,  695 

architecture  of  walls,  700 

auricles  of,  695 

blood-vessels  of,  703 

canal  auricular  of,  705 

chambers  of,  693 

chordae  tendineae  of,  697 

columnae  cameae  of,  697 

development  of,  705 

endocardium  of,  702 

epicardium  of,  702 

fasciculus  auriculo-ventricular,  701 

foramen  ovale  of,  695 

fossa  ovalis  of,  695 

feneral  description  of,  689 
Iis's  bundle,  701 
lymphatics,  703 
muscle  of,  462 
muscles,  pectinate  of,  695 
nerve-enaings  in,  1015 
nerves  of,  704 
position  of,  692 
practical  considerations,  710 
relations  of,  693 
septum,  aortic,  707 

auricular  of,  694 

intermedium,  706 

interventricular  of,  696 

primum,  706 

secundum,  708 

spurium,  707 
Thebesian  veins  of,  694 
tubercle  of  Lower,  695 
valves,  Eustachian,  604 

auriculo-ventricular,  699 

mitral,  690 

position  of,  692 

structure  of,  703 

Thebesian,  695 

tricuspid,  699 
vein,  oblique  of,  695 
ventricles  of,  696 
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Heidenhain,  demilunes  of,  1534 

Helicotrema,  1514 

Helix,  1484 

Hemispheres,  association  tibres  of,  1182 

of  cerebellum,  1082 

cerebral,  11^3 

commissural  fibres  of,  1 184 

lobcs  of,  1 139 

projection  hbres  of,  11 86 

white  centre  of,  1182 
Henle,  glands  of,  1445 

loop  of,  1 88 1 
Hensen.  node  of,  25 
Herbst,  corpuscles  o£,  10 19 
Hemia,  abaominal,  1759 

diaphragmatic,  1778 

femoral,  1773 

funicular,  1768 

infantile,  1767 

inguinal,  1763 
direct,  1770 
indirect,  1766 

intemal    (intra-abdominal    retroperito- 
neal).  1779 

interparietal,  1768 

labial,  1769 

lumbar,  1777 

obturator,  1777 

perineal,  1778 

sciatic,  1778 

scrotal,  1769 

umbilical,  1775 

acquired,  1776  , 
congenital,  1775 

ventral,  1776 
Hesselbach,  ligament  of,  525 

triangle  of,  526 
Hiatus.  aortic,  of  diaphragm,  557 

Fallopii,  181 

cesophageal,  of  diaphragm,  557 

semilunaris,  of  nasal  cavitv,  194 
of  noše,  141 1 
Highmore.  antrum  of,  1422 
Hind-brain,  1061 
Hip,  landmarks  of,  669 

inuscles  and  fasciae  of,  pract.  consid.,  642 
Hip-joint,  367 

movements  of,  373 

pract.  consid.,  374 

svnovial  membrane  of,  372 
Hippocampus,  11 65 
His's  buncile,  of  heart,  701 
Histogenesis  of  neuroglia,  10 10 

of  ncurones,  10 1 1 
Homc)logue.  4 
Homer,  muscle  of.  484 

Howship,  lacuna^  of,  07  *  '. 

Humcrus.  265 

dcvelopment  of.  269 

pract.  consid..  270 

scxual  diflFerenccs,  269 

structure  of,  2  6g 

surface  anatom  v.  270 
Humor,  a^ueous.  1476 
Hunter*s  canal.  62 S 
Hvaloid  canal.  1474 
Hvaloplasm.  8 
Hvdatid  of  Morgagni,  2002 
Hvdramnion.  42 
Hvmen,  2016 
Hvoid  bone,  216 

dfvdopment  of,  216 
Hvomandilnilar  dcfl,  61 


Hypogastric  lymphatic  plexus,  984 
Hypophysis,  1806 
Hypospadias,  1927 
Hypotnalamus,  11 27 
H'ypothenar  eminence,  607 

Ileo-caecal  fossae,  1666 

valve,  1 66 1 
Ilio-femoral  ligament,  369 
liio-pectineal  line,  334 
Ilio-tibial  band,  634 
Ilium,  332 
Implantation,  35 
Impreg^ation,  18 
Incisor  teeth,  1543 
Incus,  1497 

Inferior  caval  system  of  veins,  898 
Infundibulum,  11 29 

of  nasal  cavitv,  194 
of  noše,  141 1 
Inguinal  canal,  523 

lymphatic  plexus,  991 
Inion,  228 
Innominate  bone,  332 

structure  of,  337 
Insula,  1 149 
Intersigmoid  fossa,  1671 
Intervcrtebral  disks,  132 
I  Intestine    or   intestines,    development    and 
gro\vth  of.  1671 
glands  of,  1637 
large,  1657 

anpendices  epiploicxB,  1660 
blood-vessels  of,  1660 
glands  of  Lieberkuhn  of,  1657 
lymphatics  of,  1660 
Iymphatic  tissue  of,  1658 
nerves  of,  1660 
peritoneum  of,  1670 
pract.  consid.,  1680 
structure  of,  1657 
tapnia  coli  of,  1660 
Ivmph-nodules  of,  1640 
sniall    1633 

blood-vessels  of,  1642 
glands  of  Lieberkuhn  of,  1637 
Ivmphalics  of.  1643 
nerves  of,  1643 
Peyer's  patches  of,  1640 
pract.  consid.,  1652 
structure  of,  1634 
valvulae  conniventes  of,  1636 
villi  of.  1635 
solitary  nodules  of,  1640 
Involuntary  muscle,  1015 
I  ris,  1459 

pract.  consid.,  1461 
structure  of,  1460 
Irritability,  6 
Ischio-rectal  fossa,  1678 
Isc*hium,  ^^6 
Islands  oi  Langerhans,  1735 

of  Reil.  1 140 
Isthmus  of  fauces,  1 569 
rhombencephali,  1061 

Jacobson's  nerve,  1264 

organ.  141 7 

development  of,  1432 
Jejuno-ileum.  1640 

blood-vessels  of,  1652 

hTTiphatics  of,  1652 

Thesentery  of.  1650 
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Jejuno-ileum,  nerves  of,  1652 

topography  of,  1650 
Joint  or  joints,  of  ankle,  438 

calcaneo-astragaloid,  posterior,  445 

calcaneo-cuboid,  446 

calcaneo-scapho-astragaloid ,      an  terior, 

445 
capsule  of,  1x0 

of  carpus,  metacarpus  and  phalanges, 

pract.  consid.,  330 
costo-central,  160 
costo-stemal,  z  60 

motions  in,  166 
costo-transverse,  160 
costo-vertebral,  motions  in,  165 
crico-arytenoid,  181 6 
crico-thyroid,  181 5 
of  ear  ossicles,  1498 
elbow,  301 
fixed,  107 

general  considerations,  107 
half,  108 
of  hip.  367 
interchondral,  160 
interstemal,  159 
of  knee,  400 

limitation  of  mption,  112 
metatarso-phalangeal,  447 
modes  of  fixatibn,  112 
of  pelvis,  337 

of  pelvis,  pract.  consid,  350 
raaio-ulnar,  297 

inferior,  pract.  consid.,  308 
saddle,  113 

scapho-cubo-cuneiform,  446 
of  shoulder,  274 
synovial  membrane  of ,  1 1  o 
tarso-metatarsal,  446 
of   tarsus,    metatarsus   and    phalanges, 

pract.  consid.,  45 
trne,  108 

motion  in,  112 

structure  of,  109 

varieties  of ,  113 
vessels  and  nerves  of ,  m 
Jugular  ganglion,  of  glosso-pharyngeaI,  1263 

of  vagus,  1267 
plexus,  lymphatics,  956 

Karyokinesis,  11 

Karyosomes,  9 

Kidney  or  kidneys,  1869 

architecture  of,  1875 

blood-vessels  of,  1884 

capsule  of ,  1 869 

cortex  of,  1876 

development  of,  1937 

ducts  of,  1894 

fixation  of,  1871 

jSflomeruli  of,  1876 

hilum  of,  1869 

labvrinth  of.  1876 

lobule  of.  1875 

loop  of  Henle  of,  i88x 

Ivmphatics  of,  1885 

Malpighian  bodv  of,  1879 

medulla  of,  1876 

medullarv  ravs  of,  1876 

movable.  1888 

nerves  of.  1886 

papillae  of.  1875 

papillarv  ducts  of,  1882 

pelvis  of,  1894 


Kidney  or  kidnevs,  position  of.  1870 

pract.  consia.,  1887 

pyramids  of,  1876 

relations  of,  1873 

sinus  of,  1874 

structure  ot,  1877 

supporting  tissue  of,  1883 

surtaces  of,  1869 

tubule,  collecting  of ,  x  882 
connecting  of,  1882 
distal  convoluted  of,  1882 
proximal  convoluted  of,  1880 
spiral  of,  x88o 
urini ferous  of,  1877 
Knee,  landmarks  of,  671 

muscles  and  fasciae  of,  pract.  consid  ,  645 
Knee-joint,  400 

bursae  of,  406 

capsule  of,  400 

landmarks  of,  416 

movements  of,  408 

pract.  consid.,  409 

semilunar  cartilage  of,  402 

synovial  membrane  of,  405 
Krause,  end-bulbs  of,  1016 

glands  of,  1445 
Kupner,  cells  of ,  1 7 1 7 

Labia  major,  2021 
minora,  2022 
nerves  of,  2024 
vessels  of,  2023 
Labyrinth,  membrapous,  1514 

blood-vessels  of,  1522 

canalis  reuniens  of,  151 5 

cochlea  of ,  1 5 1 7 

ductus  endolymphaticus  of,  15^4 

endolvmph  of,  1514 

macula;  acustico?  of,  15x6 

saccule  of ,  1 5 1 5 

scmicircular  canals  cf,  15x5 

utricle  of,  1 514 
osseous,  1 5 1 1 

cochlea  of,  1513 

semicircular  canals  of.  15x2 

vestibule  of ,  1 5 1 1 
Lachrvmal  apparatus,  1477 

pract.  consid.,  1479 
bone,  207 

articulations  of.  207 

development  of,  207 
canaliculi,  1478 
caruncle,  1443 
gland^  1477 
lake,  1443 
papilla},  1478 
puncta,  1478 
sac,  1478 
Lactation,  2029 
Lacteals,  1643 
Lacuna*,  of  bone,  86 
of  cartilage,  80 
of  Howship,  97 
Lambda,  228 

Lamina  cinerea  (terminalis\  11 30 
fusca,  1450 
suprachoroidea,  1456 
Landmarks,  of  abdomen,  531 
of  ankle  and  foot,  672 
of  bones  of  f(K)t,  437 
of  buttocks  and  hip,  669 
of  clavicle,  260 
of  elbow-joint,  308 
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Landmarks,  of  face,  346 

of  femur,  366 

of  fibula,  396 

of  hand,  320 

of  ioints  of  foot,  453 

of  knee,  67 1 

of  knee-joint,  416 

of  leg,  671 

of  lo\ver  cxtremity,  669 

of  male  perineum,  19x8 

of  neck,  554 

of  pelvis,  349 

of  radius,  296 

of  scapula,  355 

of  shoulder-joint,  380 

of  skull,  240 

of  spine,  146 

of  surface  of  thorax,  1868 

of  thigh,  670 

of  thorax,  1 70 

of  tibia,  390 

of  ulna.  287 

of  upper  extremity,  6x8 

of  \vnst-joint.  330 
Langerhans,  islands  of,  1735 
Lanugo,  66 

Lar>'Tigo-pharynx,  1598 
Larynx,  18 13 

age  changes  of,  1828 

ary tenoid  cartilages  of ,  1 8 1 6 

comiculae  lar>*ngis,  1 8 1 7 

cricoid  cartilage  of,  x8i3 

cuneiform  cartilages  of,  181 7 

development  of,  1862 

elastic  sheath  of,  181 7 

epiglottis,  1 816 

form  of,  1818 

lymphatics  of,  958 

mucous  membrane  of,  1833 

muscles  of,  1824 

nerves  of,  1827 

ossification  of,  181 8 

position  and  relations  of,  1828 

pract.  consid.,  1828 

region,  glottic  of,  1820 
infraglottic  of,  1833 
supraglottic  of .  1 8 1 S 

sexual  diflFerences  of.  1828 

thvroid  cartilage  of,  181 4 

ventricle  (sinus)  of,  1822 

vessels  of.  1826 

vocal  cords,  false  of,  1820 
true  of,  1820 
ligaments  of,  181 8 
Leg,  bones  of.  as  one  apparatus,  397 
surfac-e  anatomy,  397 

framework  of,  382 

landmarks  of.  671 

lymphatics,  decp  of,  094 
superticial  of,  093 

muscles  and  fascix  of,  pract.  consid.,  665 
Lens,  crvstalline,  147 x 

development  of.  1481 
pract.  consid..  1473 
sus|")ens<)ry  apparatus  of,  1475 
Leptorhines.  1404 
Leuc<K'ytes,  684 

development  of,  688 

varieties  of,  685 
Lieberkuhn.  glands  of,  1637 
Lieno-phrenic  fold,  1785 
Ligament  <>r  ligaments,  113 

alar,  of  knee-joint,  405 


Ligament  or  ligaments,  anterior  annular,  of 

ankle,  647 

of  wrist,  325 

arcuate,  extemal,  557 

intemal,  557 
atlanto-axial,  anterior,  137 
at]anto-axia].  posterior,  137 
of  auricle,  1486 
broad,  of  uterus,  3004 
broad,  vesicular  appendages  of,  3003 
check.  of  orbit,  1438 
of  CoUes,  523 
common  anterior  and  posterior,  of  spine, 

coraco-acromial,  356 
coraco-clavicular,  363 

conoid  part,  363 

trapezoid  part,  363 
coronary,  of  liver,  X72i 
costo-clavicular  or  rhomboid,  363 
cotyloid,  of  hip-jjoint,  367 
crucial,  of  knee-joint,  404 
cruciform,  of  axis,  136 
deltoid  (lat.  int.)  of  ankle-joint,  439 
denticulate,  of  spinal  cord,  1033 
dorsal,  of  foot.  442 
duodeno-hepatic,  1644 
of  epiglottis,  181 7 
extemal  check,  of  eyeball,  505 
falciform,  1745 
gastro-phrenic,  1747 
of  Gimbernat,  523 
of  Hessclbach,  525 
ilio-femoral,  369 
ilio-lumbar,  339 
interarticular  of  ribs,  x6o 
interclavicular,  363 
interosseous,  of  foot,  441 
interspinous,  134 
intertransverse,  135 
ischio-femoral,  370 

of  laminae  and  processes  of  vertebrae,  133 
lieno-renal,  1747 
of  liver,  1 7  2 1 

metacarpal,  superficial  transverse,  607 
nucha?,  134 
occipito-atlantal,  accessory,  137 

anterior,  137 

posterior,  137 
occipito-axial,  137 
odontoid,  or  check,  136 
orbicular,  of  radius,  397 
of  ovar\'.  1987 
palpebral,  1441 

intemal.  484 
patella?,  400 
pectinate  of  iris,  1453 
of  pelvis,  x^j 
of  pericardmm,  716 
plantar,  444 

posterior  annular,  of  wrist,  335 
of  Poupart,  523 
pterygo-mandibular,  488 
radio- ulnar,  207 
round.  of  hip-joint,  370 

of  liver,  1721 

of  uterus,  3005 
sacro-iliac,  posterior,  338 
sacro-sciatic,  339 

great  or  posterior,  339 

lesser  or  anterior,  341 
of  scapula,  356 
of  shoulder-joint,  374 
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Ligament  or  ligaments,  spino-glenoid,  357 
sty]o-mandibular,  475 
subfiava,  133 

suprascapular  or  transverse,  256 
supraspinous,  133 
suspensory,  of  lens,  1475 

of  orbit,  1438 

of  ovary,  1986 
thyro-arytenoid,  inferior,  1818 

superior,  181 7 
thyro-hyoid,  181 5 
transverse,  of  atlas,  136 
triangular,  of  li ver,  1721 

of  perineum,  563 
of  vertebral  bodies,  132 
of  Winslow,  of  knee-joint,  40 1 
of  wrist  and  metacarpus,  320 
Limb,  lower,  muscles  of,  623 
Limbic  lobe,  1 1 50 
Linea  alba,  522 

semilunaris,  of  abdomen,  532 
transversa,  of  abdomen,  532 
Linin,  9 
Lips,  1538 

lymphatics  of,  951 
muscles  of,  1540 
nerves  of,  1542 
pract.  consid.,  1590 
vessels  of,  1542 
Liquor  amnii,  31 

pericardii,  714 
Littrč,  glands  of,  1925 
Liver,  1705 

bile-capillaries  of ,  1 7 1 5 
biliary  apparatus,  17 18 
blood- vessels  of,  1709 
borders  of,  1707 
caudate  lobe  of,  1709 
cells  of  KupflFer,  1 7 1 7 
common  bile-duct,  1720 
cystic  duct  of,  1720 
development  and  growth  of,  1723 
fissure  of  ductus  venosus  of,  1707 
fossa  for  gall-bladder  of,  1708 
gall-bladder  of ,  1 7 1 9 
Glisson's  capsule  of,  1 708 
hepatic  artery  of,  1 7 1 1 

ducts  of ,  1 7 1 8 

veins  of,  17 10 
impression,  oesophageal  of,  1708 

renal  of,  1709 
intralobular  connective  tissue  of,  171 7 

bile-ducts  of,  1 7 1 7 

veins  of,  17 10 
ligament  s  of,  1721 

coronarv,  1721 

falciform,  1721 

round,  1721 

triangular,  1721 
lobes  of,  1706 

lobular  blood- vessels  of,  1713 
lobulcs  of ,  1712 
lymphatics  of,  171 1 
nerves  of,  1 7 1 1 
non-peritoneal  area  of,  1707 
|x;ritoneal  relations  of,  1721 
portal  (transverse)  fissure  of,  1708 

vein  of,  1709 
position  of,  1722 
I>ract.  consid.,  1726 
f^uadrate  lobe  of ,  1 709 
size  of,  1706 
Spigelian  IoIhj  of,  1707 


Liver,  structure  of,  17x2 

sublobular  veins  of,  17 10 

surfaces  of,  1707 

tuber  omentale  of,  1709 

umbilical  fissure  of,  1708 
notch  of,  1707 

weight  of,  1706 
Liver-cells,  1714 
Lobe  or  lobes,  cerebral,  1135 

frontal,  11 39 

of  hemispheres,  1139 

limbic,  1 1 50 

occipital,  1 145 

olfactory,  11 51 

parietal,  11 43 

temporal,  1147 
Lobule  of  auricle,  1484 
Loin,  pract.  consid.,  530 
Lordosis,  144 

Lumbar  plexus,  lymphatic,  973 
Lumbo-sacral  cord,  1331 
Lung  or  lungs,  1843 

air-sacs  of,  1850 

alveoli  of,  1850 

atria  of,  1850 

blood- vessels  of,  1853 

borders  of,  184^ 

development  of,  1861 

external  appearance  of,  1846 

fissures  of,  1845 

ligament  broad  of,  1858 

lobes  of,  1845 

lobule  of,  1849 

nerves  of,  1855 

physical  characteristics  of,  1846 

pract.  consid.,  1864 

relations  to  chest-walls,  changes  in,  1863 
to  thoracic  walls,  1855 

roots  of,  i8;j8 

dimensions  of,  1840 
nerves  of,  1839 
relations  of,  1840 

structure  of,  1851 

surfaces  of,  1843 

vessels  of,  1839 
Lunula,  of  nail,  1395 
Luschka,  foramina  of,  11 00 

gland  of,  1810 
Lutein  cells,  1990 
Luys,  nucleus  of,  11 28 
Lymphatic  or  lymphatics,  of  abdomen,  97? 

of  abdominal  vvalls,  976 

of  arm,  deep,  965 
superficial,  963 

of  bile-duct,  981 

of  bladder,  985 

of  bone,  93 

of  brain,  948 

of  brain  and  meninges,  948 

broncho-mediastinal  trunk,  968 

capillaries,  933 

of  ccrvical  skin  and  muscles,  958 

of  cheeks,  951 

of  diaphragm,  970 

duct,  right,  945 

of  ear,  950 

of  eve  and  orbit,  949 

of  evelids,  1445 

of  Fallopian  tubes,  988 

of  gall-bladder,  981 

of  glands,  1536 

of  gums,  951 

of  hand,  964 
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Lymphatic  or  lymphatics,  of  the  head,  945 
of  heart,  970 
hemolymph  nodes,  936 
intercostal,  969 
of  intestine,  large,  978 

small,  977 
jugular  tnink,  958 
of  kidney,  982 
lacteals,  931 
of  larynx,  958 
of  leg,  deep,  904 

superncial,  993 
of  lips,  951 
of  liver,  980 
of  lower  extremity,  991 
niainmary  gland,  968 
of  meninges,  948 
of  muscle,  non-striated,  456 
of  nasal  fossa,  1436 

region,  951 
nodes,  935 
of  noše,  1407 
of  cESophagus,  971 
of  palate,  954 
of  pancreas,  979 
of  pelvis,  983 
of  pericardium,  716 
of  perineum,  987 
of  pharynx,  954 
of  prostate  gland,  985 
of  rectum,  1680 

of   reproductive    organs,    extemal,    fe- 
male,  987 

extemal,  male,  986 

intemal,  female,  988 

intemal,  male,  987 
of  retina,  1468 
of  scalp,  948 
of  seminal  vesicles,  988 
of  skin,  1388 
of  small  intestine,  1643 
of  spleen,  982 
of  stomach,  976 
of  striated  muscle,  464 
subclavian  trunk,  963 
of  suprarenal  body,  983 
system,  931 
of  teeth,  951 
of  testis,  987 
thoracic  duct,  941 

pract.  consid.,  944 
of  thorax.  g  66 

cutaneous,  g  68 
of  thvroid  gland,  959 
of  tongue,  952 
of  tonsils,  954 
of  trachea,  958 
of  upper  extremity,  961 
of  ure  ter,  983 
of  urethra.  q86 
of  uterus,  q8q 
of  vagina.  989 
of  vas  deferens,  088 
vessels,  devclopment  of,  939 
Lymph-corpuscles,  931 

Lymph-noacs  of  al)domen,  pract.  consid.,  990 
abdominal,  visceral,  974 
ano-rectal,  976 
anterior  auricular,  946 
appendicular,  975 
ot  arm,  pract.  consid.,  965 
of  axil]a.  pract.  consid.,  965 
axillary,  961 


Lymph-nodes,  brachial,  deep,  961 
superficial,  961 

bronchial,  967 

buccinator,  947 

cervical,  deep,  inferior,  958 
superior,  957 

of  Cloquet,  992 

cceliac,  973 

delto- pectoral,  961 

development  of,  940 

epigastric,  972 

epitrochlear,  961 

facial,  947 

gastric,  974 

of  head,  pract.  consid.,  955 

hepatic,  975 

hypogastnc,  984 

iliac,  circvimflex,  973 
intemal,  984 

inguinal,  991 

intercostal,  966 

of  intestine,  1640 

jugular  plexus,  956 

of  leg,  pract.  consid.,  994 

lingual,  947 

mammar\',  intemal,  966 

mandibular,  947 

mastoid.  945 

maxillary,  947 

mediastinal,  anterior,  967 
posterior,  967     . 

mescnteric,  975 

mesocolic,  976 

of  neck,  956 

pract.  consid.,  959 

occi pital,  945 

pancreatico-splenic,  975 

parotid.  946 

pectoral,  962 

of  pelvis.  pract.  consid.,  990 

popliteal,  992 

posterior  auricular,  945 

retro-pharvngeal,  948 

of  Roscnmaller,  992 

stemal,  966 

structure  of,  937 

submaxillary,  946 

submental,  946 

subscapular,  962 

superficial  cervical,  956 

thorax,  pract.  consid.,  971 

tibial,  anterior,  993 

tracheal  nodes,  967 

umbilical,  972 
LvTnph-nodules,  936 
L\Tnphocytes,  931 

varieties  of.  685 
Lymphoid  structures  of  pharynx,  1599 

tissue,  structure  of,  936 
LNTUph-spaces,  931 
Lvmph-vessels,  934 
Lvra,  1 1 58 

Macula  lutea,  1466 
Maculae  acusticae,  1516 
Magendie,  foramen  of,  11 00 
Malar  bone,  209 

articulations  of,  210 
Malleus,  1497 

Malpighian  bodies  of  spleen,  1784 
Manunar>'  glands,  2027 

development  of,  2032 

l>'mphatics,  968 
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Mammary  glands,  nerves  of,  2032 
pract.  consid.,  2033 
structure  of,  2029 
variations  of,  2033 
vessels  of,  2031 
Mandible,  211 

Manubiium  of  stemum,  155 
Marrow  of  bone,  90 
Mast-cells  of  connective  tissue,  74 
Mastoid  cells,  1 504 

pract.  consid..  1^08 
process,  pract.  consid.,  1508 
Maturation  01  ovum,  16 
Maxi]la,  inferior,  211 

development  of,  213 
structure  of,  213 
superior,  199 

antrum  of,  201 
articulations  of,  202 
development  of,  202 
Maxi]lary  sinus,  1422 
Meatus,  auditory,  intemal,  181 
inferior,  of  noše,  141 2 
middle,  of  noše,  141 1 
superior,  of  noše,  141 1 
Meckel,  diverticulum  of,  44 
Mediastinum,  anterior,  1833 
middle,  1833 
posterior,  1833 
pract.  consid.,  1833 
superior,  1833 
MeduUa  oblongata,  1063 

central  gray  matter  of,   1073 
development  of ,  1 1  o  i 
intemal  structure  of,  1068 
Medullary  folds,  26 
groove,  26 
sheath,  looi 
velum,  inferior,  1099 
superior,  1099 
MeduUated  fibres,  1003 
Megakaryocytes,  689 
Meibomian  (tarsal)  glands,  1444 
Meissner,  corpuscles  of,  10 17 

plexus  ot,  164^ 
Membrane  or  membranes,  Bo\vman's, 

1451 
of  Bruch,  1456 

cloacal,  1939 

costo-coracoid,  568 

crico-thyroid,  181 5 

of  Demours,  1452 

Descemefs,  1452 

fenestrated,  77 

foetal,  30 

human,  35 

hyaloid,  1474 

interosscous,  of  tibia  and  fibula,  396 

mucous,  1528 

obturator,  341 

olfactory  (Šchneiderian),  14 14 

pharyngeal,  1694 

pleuro-pericardial,  1700 

pleuro-peritoneal,  1700 

of  Reissner,  1 5 1 7 

of  Ruysch,  1456 

of  spinal  cord,  1022 

synovial,  of  joint,  110 

tectoria,  1521 

thyro-hyoid,  181 5 

of  tymi)anum,  1494 

vitelline,  15 

vitrea,  1456 


Meninges  of  brain,  pract.  consid.,  1208 

lymphatics  of,  948 
Menstruation,  2012 
Merkel,  tactile  cells  of,  1016 
Mesencephalon,  1105 

development  of ,  1 1 1 7 

intemal  structure  of,  11 09 
Mesen  teries,  1741 
Mesenterium  commune,  1697 
Mesentery,  anterior,  1744 

of  appendix,  1665 

of  jejuno-ileum,  1650 

of  large  intestine,  1670 

permanent,  1752 

posterior,  part  ist,  1746 
part  2nd,  17  51 
part  3rd,  1753 

primitive,  1697 
Meso-appendix,  1665 
Mesocolon,  1670 

development  of,  1704 
Mesoblast,  23 

lateral  plates  of,  29 

paraxial,  29 

parietal  layer,  29 

visceral  layer,  29 
Mesogastrium,  1697 
Mesognathism,  229 
Mesometrium,  2005 
Mesonephros,  1935 
Mesorarium,  2040 
Mesorchium,  2040 
Mesorhines,  1404 
Mesosalpinx,  1996 
Mesotendons,  471 
Mesothelium,  71 
Meso  vari  um,  1987 
Metabolism,  6 
Metacarpal  bones,  314 
Metacarpo-phalangeal  articulations,  327 
Metacarpus,  pract.  consid.,  319 
Metanephros  (kidney),  1937 
Metaphase  of  mitosis,  12 
Metaplasm,  8 
Metatarsal  bones,  428 
Metathalamus,  11 26 
Mevnert,  commissiu'e  of,  1 1 1 5 
Mid-brain,  1061 
Milk,  2030 
Milk-ridge,  2032 
Mitosis,  1 1 

anaphases  of,  13 

metaphase  of,  la 

prophases  of,  12 

telophases  of,  13 
Molar  teeth,  1546 
Moli,  glands  of,  1444 
Monorchism,  1950 
Monroe,  foramen  of,  1131 
Mons  pubis,  2021 

veneris,  2021 
Montgomer>',  glands  of,  2028 
Morgagni,  columns  of,  1674 

hydatid  of,  2002 

sinus  of,  497 

val  ves  of,  1674 
Morula,  22 
Mouth,  1538 

floor  of,  pract.  consid.,  1593 

formation  of,  1694 

pract.  consid.,  1589 

roof  of,  228 

pract.  consid.,  1592 
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Mouth,  vestibule  of,  1538 

Mucoid,  83 

Mucous  membranes,  1528 

structtire  of,  1528 
Mullerian  duct,  2038 
Muscle  or  muscles,  abdominal,  5x5 
abductor  hallucis,  661 

minimi  digiti.  608 

minimi,  of  foot,  66a 

pollicis,  608 
adductor  brevis,  626 

hallucis,  662 

longus,  626 

magnus,  628 

pollicis,  610 
anconeus,  589 

of  ankle,  pract.  consid.,  666 
antibrachial,  591 

post-axiai,  598 

pre-axial,  592 
of  anus,  1675 
appendicular,  566 
ot  arm,  pract.  consid.,  589 
arytenoid,  1826 
of  auricle,  1486 
auricularis  anterior,  483 

posterior,  483 

superior,  483 
axial,  502 
of    axilla  and  shoulder,  pract.  consid., 

579 
azvgos  uvulae,  496 

biceps,  586 

femoris,  636 
brachial,  58 j 

post-axial,  588 

pre-axial,  586 
bracnialis  anticus^  586 
brachio-radialis,  5q8 
branchiomeric,  474 
buccinator,  488 
bulbo-cavemosus,  565 
of  buttocks,  pract.  consid.,  641 
cardiac,  462 
cer\'ical,  542 
chondro-glossus,  1578 
ciliarv,  1458 
.      coccvgeus,  561,  1676    ^O"..    J  :   *?(» 
'      compound  pinnatc,  4^9 
compressor  urethra?,  56  > 
constrictor  inferior  of  pnarynx,  1606 

middle  of  pharynx,  1605 

pharvnpis  inferior,  499 
medius,  408 
superior,  407 

superior  of  pharynx,  1604 
coraco-brachialis,  5  7  5 
of  cranium,  pract.  consid.,  489 
cremaster,  510 
crico-arytenoid  lateral,  1825 

posterior,  1825 
crico-thyroid,  1824 
crural,  647 

post-axial,  655 

pre-axial,  648 
crurous,  640 
dartos,  1063 
deltoideus,  578 
depressor  anguli  oris,  487 

labii  infcrioris,  485 
diaphragma,  556 
digastricus,  477 
dilator  pupilla?,  1460 


Muscle  or  muscles,  dorsal,  of  trunk,  5C7 
of  Eustachian  tube,  1 503 
extensor  brevis  digitorum,  665 
pollicis,  602 

carpi  radialis  brevior,  598 
longior,  598 
ulnaris,  601 

communis  digitorum,  599 

indicis,  60^ 

longus  digitorum,  655 

longus  hallucis,  656 
pollicis,  603 

minimi  digiti,  600 

ossis  metacarpi  pollicis,  602 
of  face,  pract.  consid.,  492 
facial,  479 
fe moral,  633 

IK)St-axial,  638 

pre-axial,  636 
flexor  accessorius,  654 

brevis  digitorum,  of  foot,  660 
hallucis,  660 
minimi  digiti,  609 

digiti  of  foot,  664 
pollicis,  608 

carpi  radialis.  59^ 

ntdialis  brevis,  597 
ulnaris,  594 

longus  digitorum,  651 
hallucis,  651 
pollicis.  506 

profundus  digitorum,  595 

suhlimis  digitorum,  595 
of  foot,  659 

^>ost-axial,  665 

pract.  consid.,  666 

prc-axial,  659 
gastrocnemius,  649 
gemclli,  630 
gcnio-glossus,  1578 
genio-hvoid,  1578 
genio-hvoideus,  545 
gluteus  maximus,  630 

medius,  631 

minimus,  633 
gracilis,  626 
of  hand,  606 

pre-axial,  607 
of  hip  and  thigh,  pract.  consid.,  643 
hyi>oglossal,  506 
hyo-glossus,  1578 
hyoidean,  480 

variations  of,  480 
iliacus,  624 
ilio-costalis,  508 
infraspinatus,  576 
intercostales  extemi,  538 

interni.  539 
interossei  dofsales  of  foot,  664 
of  hand.  613 

plantares,  663 

vola  res,  612 
interspinales,  513 
intertransversales,  513 

anteriores,  547 

latcrales,  521 
intratympanic,  1499 
involuntary,  arrectores  pilorum,  1394 

nerve-endings  of,  1015 
ischio-cavernosus.  564 
of  knee,  pract.  consid.,  645 
of  larvnx,  1824 
latissimus  dorsi,  574 
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Muscle  or  musclcs,  of  leg,   pract.   consid., 
665 
levator  anguli  oris,  487 
scapulae,  571 

ani,  560,  1675 

labii  superioris,  487 

labii  superioris  al2eque  naši,  485 

menti  (superbus),  485 

palati,  496,  1 57 1 

palpebrae  superioris,  502 
levatores  costarum,  540 
lingualis,  1579 
of  lips,  1540 
longissimus,  510 
longus  colli,  548 
of  lower  limb,  623 
lumbricales,  of  hand,  610 

of  foot,  662 
masseter,  474 
of  mastication,  474 

variations  of,  477 
metameric,  502 
multifidus,  512 
mylo-hyoideus,  477 
nasalis,  486 
non-striated,  blood-vessels  of,  456 

development  of,  457 

(involuntary),  454 

lymphatics  of,  456 

nerves  of,  456 

structure  of.  455 
obliquus  capitis  inferior,  514 
superior,  514 

externus,  517 

inferior,  504 

internus,  517 

superior,  504 
obturator  extemus,  629 

internus,  629 
occipito-frontalis,  482 
omo-hyoideus,  544 
opponens  minimi  digiti,  608 

pollicis,  608 
orbicularis  oris,  486 

palpebrarum,  484 
orbital,  502 

of  palate  and  phar>'nx,  495 
palato-glossus,  497,  1570 
palato-pharvngeus,  497,  1571 
palmans  brevis,  607 

longus,  5()3 
pectinate,  of  heart,  695 
pectineus,  625 
pectoralis  major,  569 

minor,  570 
pelvic,  559 
perineal,  562 
peroneus  brevis,  658 

longus,  657 

tertius,  656 
of  phar>'nx,  1604 
pinnate,  469 
plantaris,  649 
platvsma,  481 
popliteus,  655 
pronator  quadratus,  597 

radii  teres,  592 
psoas  magnus,  623 

parvus  (minor),  624 
pter>'goideus  cxtemus,  476 

internus,  476 
pyloric  sphincter,  1626 
pyramidalis,  5x7 


Muscle  or  muscles,  pyrifonnis,  561 
quadratus  femoris,  629 

lumborum,  521 
quadriceps  femoris,  639 
of  rectum,  1675 
rectus  abdommis,  516 

capitis  anticus  major,  549 

capitis  anticus  minor,  550 
lateralis,  547 
posticus  major,  513 
posticus  minor,  514 

extemus,  503 

femoris,  639 

inferior,  503 

internus,  503 

superior,  503 
rhomboideus  major,  573 

minor,  572 
risorius,  487 
rotatores,  of  back,  513 
sacro-spinalis,  508 
salpin^o-pharyngeus,  1 606 
sartonus,  638 
scalene,  variations  of,  547 
scalenus  anticus,  546 

medius,  546 

posticus,  547 
of  scalp,  pract.  consid.,  489 
semimembranosus,  438 
semi-pinnate,  469 
semispinalis,  511 
semitendinosus,  638 
serratus  magnus,  571 

posticus  inferior,  541 

posticus  superior,  541 
of  soft  palate,  1570 
soleus,  649 

sphincter  ani,  extemal,  1676 
extemus,  563 
intemal,  1677 

pupillae,  1460 

vesical,  extemal,  1925 
intemal,  1925 
spinalis,  511 
splenius,  510 
stapedius,  480,  1499 
stemalis,  570 

stemo-cleido-mastoideus,  499 
stemo-hyoideus,  543 
stemo-thyroideus,  545 
striated,  attachments  of,  468 

blood-vessels  of,  464 

bursae  of,  471 

classification  of,  471 

development  of,  465 

form  of,  469 

general  considerations  of,  468 

lymphatics  of,  464 

nerves  of,  464 

ner\'e-supply,  general,  473 

structure,  general  of,  458 

variations,  461 

(voluntary),  457 
stylo-glossus,  1579 
stylo-hyoideus,  480 
stylo-pharyngeus,  495,  1606 
subclavius,  570 
subcostal,  539 
subcrureus,  640 
submental,  477 
subscapularis,  578 
supinator,  601 
supraspinatus,  575 
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Muscle  or  muscles,  temporalis,  475 
tensor  fasciae  latie,  631 
palati,  479,  1570 
tympani,  479.  1499 
teres  major,  577 
minor,  576 
thoracic,  538 
thyro-arytenoid,  1825 
thyro-hyoideus,  545 
tibialis  anticus,  655 

posticus,  654 
of  tongue,  1577 
trachealis,  1835 
transvcrsalis,  519 
transverso-costaf  tract,  508 
transverso-spinal  tract,  511 
trans versus  perinei  profundus,  565 
superticialis,  564 
of  tongue,  1579 
trapezius,  500 
triangularis  stemi,  540 
triceps,  588 
trigeminal,  474 
palatal,  479 
tympanic,  479 
of  trunk,  507 
of  upper  limb,  568 
vago-accessorv,  495 
vastus  extemus,  640 

internus,  640 
ventral,  of  trunk,  515 
voluntarv,  motor  nerve-endings  of,  10 14 
zvgomaticus  major,  485 
minor,  485 
Muscle-fibre,  structure  of,  459 
Muscular  svstem,  454 

tissue,  general,  454 
Mvelin,  looi 

Mvelocvtcs,  of  bone-marrow,  92 
Myeloplaxcs,  of  bone-marrow,  92 
Myometrium,  2008 
Mvotomc,  30 
Myxcedema,  1794 

Naboth,  ovules  of,  2008 
Nail,  structure  of,  1395 
Nail-bed,  1396 
Nail-plate,  1395 
Nails.  1394 

dcvelopment  of,  1403 
Nares,  anterior,  1404 

posterior,  14 13 
Nasal  bone,  2o<> 

articulations  of.  209 
dcvelopment  of.  200 
cavitics,  pract.  consid..  14 17 
ca  vit  v,  223 

hiiitus  semilunaris  of,  194 
infundibulum  of,  194 
ineatus  inferior  of,  225 
middle  of,  225 
superior  of,  225 
chamber,  224 

fossa,  blo<Kl-vessels  of,  1425 
flo<jr  of,  1 4 13 
Ivmphalics  of,  1426 
nerves  of,  1426 
roof  of,  1 41 2 
foss^e,  1409 
index,  1404 

muc« ms  membrane,  1413 
septum,  223,  1 4 10 
triangular  cartilage  of,  224 


Nasion,  228 

Nasmyth,  membrane  of,  1550 
Naso-lachrymal  duct,  1479 
Nasooptic  groove,  62 
Naso-pharynx,  1598 
Navel,  37 

Neck,  landmarks  of,  554 
pract.  consid.,  550 
triangles  of,  547 
Nephrotome,  30 

Nerve   or   nerves,   abdominal,    of  vagus, 
1272 
abducent,  1249 

development  of,  1379 
aortic  (sympathetic),  1364 
auditor>',  1256 

development  of,  1379 
of  auricle,  1487 
auricular,  grcat,  1286 

posterior,  of  facial,  1254 
of  vagus,  1268 
auriculo-temporal,  of  mandibular,  1244 
of  bone,  94 

buccal,  of  mandibular,  1243 
calcanean,  intemal,  1^44 
cervical,  anterior  divisions  of,   1285 
cardiac  inferior,  of  vagus,  1270 

superior,  of  va^us,  1270 
first,  posterior  division  of,  1281 
posterior  divisions  of,  1281 
second,  ix)Sterior  division  of,  1281 
superficial,  1287 

third,  ix>sterior  division  of,  1281 
cervico-facial,  of  facial,  1254 
chorda  tvmpani.  of  facial,  1253 
ciliarv,  long,  of  nasal,  1234 
circumrtex,  1307 

pract.  consid.,  1308 
of  clitoris,  2025 

coccveeal,  jx>sterior  division  of,  1284 
of  cocnlea,  membranous,  1521 
ccK-hlear,  of  auditory,  1256 
of  come;i,  1452 
cninial,  12 19 

crural,  anterior  (femoral),  1327 
cutant*ous  intemal,  of  anterior  cniraL, 
1328 

middle,  of  anterior  crural,  1327 
perforating,    of    pudendal    plexu8, 

1347 
dental,  inferior,  of  mandibular,  1245 

superior     anterior,    of    maxiliaryy 

1239 

middle.  of  maxillar\',  1239 

posterior,  of  maxillary,  1238 

descendens  hy]>oglossi,  1277 

development  of,  1375 

digastric,  of  facial,  1254 

digital  of  median,  1301 

dorsal  of  clitoris,  1 3  5 1 

of  penis,  13  51 

of  epididymis,  1948 

of  extemal  auditor>'  canal,  1490 

exlemal  cutaneous,  of  lumbar  plexus, 

1324 
of  evelids,  1446 
facial,  1250,  1 2  51 

development  of,  1378 

genu  of,  1 251 

j)ract.  consid.,  1255 
of  Fallopian  tube,  1999 
frontal,  1234 
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Nerve  or  nerves,  ganglionic,  of  nasal, 

"34 
genito-crural,  1322 
of  glands,  1536 
glosso-phafyngeal,  1260 

development  of,  1379 
gluteal,  inferior,  1333 

superior,  1333 
of  heart,  704 

hemorrhoidal,  inferior,  1350 
hypoglossal,  1275 

aevclopment  of,  1380 

pract.  consid.,  1277 
ilio-hypogastric,  1320 
ilio-inguinal,  1321 
infratrochiear.  1235 
intercostal,  13 14 
intercosto-humeral,  1 3 1 7 
intermedius  of   VVrisberg,   of  facial, 

1250 
internal  cutancous,  1303 

cutaneous  lesser,  1303 
interosseous  anterior  of  median,  1300 
of  kidnev,  1886 
of  labia,  2024 

labial,  superior,  of  maxillary,  1240 
lachrynial,  1233 

laryngeal,  external,   of  sujKTior  larvn- 
geal,  1270 

inferior  (recurrent)  of  vagus,  1270 

internal,  of  sujierior  laryngeal,  1270 

superior,  of  vagus,  1270 
of  larynx,  1827 
lingual,  of  glosso-pharvngeal,  1264 

of  hypoKlossal,  1277 

of  manaibular,  1 244 
of  lips,  1542 
of  liver,  1 7 1 1 

lumbar,  posterior  divisions  of,   1282 
of  lungs,  1855 
of  mamniary  glands,  2032 
mandibular,  (maxillary  inferi<>r),  1242 
masseteric,  of  mandibular,  1242 
niaxillary  (superior),  1237 
median,  1208 

branches  of,  1300 

pract.  consid.,  1301 
meningeal,  of  hypoglossal,  1277 

of  vagus,  1268 
mental,  of  inferior  dental,  1246 
of  muscle,  non-striated,  456 
muscular  of  glosso-pharyngeal,  1264 
niusculo-cutaneous,  of  arm,  1298 

of  leg,  1338 
musculo-spiral,  1308 

branches  of,  1309 

pract.  consid.,  13 14 
mylo-hyoid,  of  inferior  dental,  1245 
nasal,  1234,  1235 

anterior,  1235 

external,  1235 

fossa,  1426 

internal  (septal'),  1235 

lateral,  of  maxillary,  1240 

sc])tum,  14 10 

superior  jx)sterior,  of  sphcno-pala- 

tine  ganglion,  1241 
naso-palatine,   of  spheno-palatine  gan- 
glion, 1241 
c»f  noše,  1407 
obturator,  1324 

accessorv,  1326 
occipital,  small.  1286 


Nerve  or  nerves,  oculomotor,  1225 

development  of,  1377 
cesophageal,  of  vagus,  1272 
of  oesophagus,  16 13 
olfactory,  1220 

development  of,  1376 

pract.  consid.,  1222 
ophthalmic,  1233 
optic,  1223 

development  of,  1482 

pract.  consid.,  1470 
orbital,of  spheno-palatine  ganglion,  1241 
of  ovary,  1993 
of  palate,  1573 
I>alatine,    ot   spheno-palatine   ganglion, 

1241 
palmar  cutaneous  of  median,  130 1 
palpebral,  inferior,  of  maxillary,  1240 
of  j)ancreas,  1737 
of  parotid  glana,  1 583 
of  penis,  1971 
pericardial  of  vagus,  1272 
of  pericardium,  716 
perineal,  1350 

peripheral,  development  of,  loii 
jHjroneal,  communicating,    of    extcma] 

popliteal,  1335 
petrosal,  deep,  small,  1264 

suj)erficial,    cxtemal,   of    facial, 

1253 
great,  of  facial,  1252 

small,  1264 

pharvngcal  of  glosso-pharyngeal, 

1264 

of  vagus.  1269 
of  j)harynx,  1606 
phrenic,  1290 
plantar  external,  1345 

internal,  1344 
of  pleurae,  1861 
popliteal,  external  (peroneal),  1335 

internal  (tibial),  1339 
posterior  interosseous,  13 1 1 
of  prostate  gland,  1978 
pterygoid,  extemal,  of  mandibular, 

1243 
internal,  of  mandibular,  1243 

ptervgo-palatine     (phar>'ngeal),    of 

spheno-palatine  ganglion,  1242 

pudic,  1349 

pulmonary,  anterior,  of  vagus,  1272 

posterior,  of  vagus,  1272 

(sympathetic),  1364 
radial,'i3i3 
of  rectum,  1680 
recurrent,  of  mandibular,  1243 

of  maxillary,  1237 
respiratory,  extemal  of  Bell.  1205 
sacnil,  posterior  divisions  of,  1282 
sacro-coccygeal,  1352 

posterior,  1283 
saphenous,  internal    (long),  of  anteriot 
crural,  1329 

short  (extemal),  1342 
scapular,  posterior,  1295 
sciatic,  great,  1335 

small,  1348 
of  scrotum,  1964 
of  skin,  1389 
of  small  intestine,  1643 
somatic,  121 8 
of  spermatic  ducts,  1959 
spheno-palatine,  of  maxillary,  1237 
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Nerve  or  nerves,  spinal,  1278 
spinal-accessory,  1274 

pract.  consid.,  1275 
splanchnic,  (sympathetic),  1364 
of  spleen,  1787 
stapedial,  of  facial,  1253 
of  stomach,  1628 
of  striated  muscle,  464 
stylo-hyoid,  of  facial,  1254 
of  subhngual  gland,  1585 
of  submaxillary  gland,  1585 
subscapular,  1306 
supraorbital,  1234 
of  suprarenal  bodies,  1803 
suprascapular,  1205 
supratrochlear,  1234 
sural,  of  extemal  poplitcal,  1335 
of  sweat  glands,  1400 
of  taste-buds,  1435 
temporal,  deep,  of  mandibular,  1243 

superticial,    of    auriculo-temporal, 
1244 
temporo-facial,  of  facial,  1254 
temporo-malar  (orbital),  of  maxillary, 

1238 
of  testis,  1948 
thoracic,  13 14 

anterior,  external,  1297 
intemal,  1303 

branches  of ,  1 3 1 7 

cardiac,  of  vagus,  1272 

first,  1315 

lower,  13 1 5 

posterior  divisions  of,  1 282 

posterior  (long).  1295 
pract.  consid..  1296 

pract.  consid.,  13 18 

second,  13 17 

third,  131 7 

t\velfth  (subcostal)  13 17 

upper,  13 1 5 
of  thyroid  bodv,  1 793 
of  thvmus  bociv,  1800 
thyro-hyoid,  of  hypogIossal,  1277 
tibial,  anterior,  1336 

communicating.  1342 

posterior,  1342 

recurrent,  1335 
of  tongue,  1 580 

tunsillar  of  glosso-pharyngeal,  1264 
of  trachea,  1836 
trigeminal,  1230 

dovelopment  of,  1378 

divisions  pf.  1232 

pract.  consid.,  1248 
trochlcar,  1228 

development  of,  1377 
tvmpanic,  of  glosso-pharvngeal.  1264 
to  tvmpanic  plexiis,  of  facial,  1252 
ulnar.  i  ^01 

bninches  of.  1305 

pract.  consid..  1306 
of  urutor.  iSoS 
of  urethra.  n)2  7 
i»f  urinarv  bladdcr.  kjio 
of  uterus.  2010 
of  vagina.  20 iS 
vagus.  1265 

and  spinal  accossorv.  development 
f)f.  1 3  So 

ganglia  n{,  1267 

pract.  consid..  1272 
vcstinular.  c)f  auditorv,  1256 


Nerve  or  nerves,  visceral,  1218 
Nerve-cells,  998 
bipolar,  999 
multipolar,  1000 
unipolar,  999 
Nerve-endings,  motor,  1014 

of  cardiac  muscle,  10 15 
of  involuntary  muscle,  1015 
of  voluntary  muscle,  1014 
sensory,  10 15 

encapsulated,  10 16 
free,  10 15 

genital  corpuscles,  10 17 
Golgi-Mazzoni  corpuscles,  1019 
Krause's  end-bulbs,  1016 
Meissner 's  corpuscles,  10 17 
Merkers  tactile  cells,  1016 
neuromuscular  endings,  1019 
neurotendinous  endings,  1020 
Ruffini's  corpuscles,  1017 
Vater-Pacinian  corpuscles,  1018 
Nerve-fibres,  1000 
arcuate,  107 1 
axis-cylinder  of,  looi 
cerebello-olivar>',  1072 
ccrebello-thalamic,  11 14 
cortico-bulbar,  1 1 1 5 
cortico-pontine,  1115 
cortico-spinal,  1 1 1  5 
meduUarv  shcath  of,  looi 
medullated.  1003 
ncurilemma  of.  looi 
nonmedullatod.  1003 
rubro-thalamic,  1 1 14 
of  svmpathctic  system,  1356 
Nerve-terminations,  10 14 
Nerve-trunks.  looA 

endoncurium  of,  1006 
epineurium  of.  1006 
funiculi  of,  1006 
perineurium  of,  1006 
Xervous  svstem.  g()6 
central,  1021 
peripheral.  12 18 
svmpathctic,  1353 

development  of,  10 13 
tissues,  QQ7 

development  of,  loog 
\eurilemma.  looi 
Neuroblasts.  1010 
\euro-epithelium,  70 
Neurogha,  100? 

ependymai  laver  of ,  1 004 
glia-fibres  of,  1004 
of  gray  mattcr,  of  spinal  cord,  1035 
histogenesis  of.  10 10 
spider  cells  of.  1004 
Neurokeratin,  loor 
Neuromuscular  endings.  1019 
Neurone  or  ncuroncs.  906 
axones  of,  gq7 
dendrites  of.  qq7 
histogenesis  of ,  i  o  1 1 
Neurotendinous  endings.  1020 
Nictitating  membrane,  1443 
Nipple,  2028 

Nodose,  ganglion  of  vagus,  1268 
Nodules  of  Arantius,  700 
NonmeduUated  libres,  1003 
Normoblasts,  (^2 
Noše,  1404 

blood-vessels  of,  1407 
cartilages  of,  1404 
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Noše,  development  of,  1429 

hiatus  semilunaris  of ,  1 4 1 1 

inferior  meatus  of,  141 2 

infundibulum  of,  141 1 

lateral  cartilages  of,  1405 

lymphatics  of,  1407 

middle  meatus  of,  141 1 

nerves  of,  1407 

olfactory  region  of,  14 13 

pract.  consid.,  1407 

respiratory  region  of,  141 5 

superior  meatus  of,  141 1 

vestibule  of,  1409 
Kjostrils,  1404 
Notochord,  27 
Nuck,  canal  of,  2006 
Nuclein,  9 
Nucleolus,  9 
Nucleus  or  nuclei,  abducent,  1249 

acoustic,  1257 

ambiguus,  1074 

amygdaloid,  1172 

arcuate,  1076 

caudate,  ii6g 

cuneate,  1069 

facial,  1 2  51 

dentate,  of  cerebellum,  1088 

emboliformis   (embolus)   of  cerebellum, 
1089 

facial,  1 2  51 

fastigii,  of  cerebellum,  1089 

globosus,  of  cerebellum,  1089 

pracile,  1069 

mtemal,  of  cerebellum,  1088 

of  lateral  fillet,  1258 

lenticular,  11 69 

mammillaris,  1 1 29 

olivary,  107 1 

olivary,  superior,  1257 

red,  1 1 14 

structure  of,  8 

trapezoideus,  1257 

vago-glosso-pharyngeal,  1073 

vestibular,  of  reception,  1259 
Nuhn,  glands  of,  1577 
Nutrition,  accessory  organs  of,  1781 
NymphaB,  2022 

Obelion,  228 
Obex,  1096 
Occipital  bone,  172 

lobe,  1 145 

protuberance,  extemal,  174 
internal,  175 
Odontoblasts,  1558 
CEsophagus.  1609 

course  and  relations  of,  1609 

lymphatics  of,  971 

nerves  of,  161 3 

pract.  consid.,  161 3 

structure  of,  1611 

vessels  of,i6i2 
Olecranon,  of  ulna,  281 
Olfactory  bulb,  1 1 5 1 

cells,  14 1 4 

hairs,  141 5 

lobe,  1 151 

membrane,  14 14 

pits,  62 

rejjion  of  nosc,  14 13 

stric-p,  1 1 53 

tract,  1 1 52 

trigone.  1 1 53 


01ivary  eminence,  1066 

nuclei,  107 1 

accessory,  1073 

nucleus,  inferior,  1073 
Orne n tal  sac,  1703 
Omentum,  duodeno-hepatic,  1746 

gastro-colic,  1747 

gastro-hepatic  (les»>er),  1745 

gastro-splenic,  1747 

greater,  1747 

greater,  structure  of,  1749 
O0cyte,  primary,  17 

secondary,  17 
Ottplasm,  15 
Opercula  insulae,  1137 
Ophryon,  228 
Opisthion.  228 
Optic  commissure,  1223 

entrance  or  papilla,  1462 

recess,  1132 

t  halami,  11 18 

tracts,  1223 
Ora  serrata,  1467 
Oral  ca  vit  y,  development  of.  62 

glands,  development  of,  1589 
Orbit,  222 

axes  of,  222 

fasciae  of,  504 

lymphatics  of,  949 

pract.  consid.,  1438 
Organ   or   organs,    accessory,   of   nutrition, 
1781 

of  Corti,  1 519 

ecnital,  extemal  female,  2021 

Jacobson*s,  141 7 

rcproductive  female,  1985 
male,  1941 

of  respiration,  18 13 

of  sense,  1381 

of  taste,  1433 

urinary,  1869 
Oro-pharynx,  1598 
Orthognathism,  229 
Os  intermetatarseum,  433 

magnum,  312 
Osseous  tissue,  84 
Ossicles  auditory,  1496 

articulations  of,  1498 
incus,  1497 
malleus,  1497 
movements  of ,  1 500 
stapes,  1498 

of  ear,  aevelopment  of,  1525 
Ossification.  centres  of,  94 

of  epiphyses,  98 
Osteoblasts,  95 
Ostium  maxillare,  1423 
Otic  ganglion.  1246 
Ova  or  ovum,  15 

centrolecithal,  23 

fertilization  of,  18 

holoblastic,  23 

homolecithal,  21 

human,  1990 

maturation  of,  16 

meroblastic,  22 

primordial.  199J 

segmentation  of,  21 

stage  of,  56 

telolecithal,  22 

zona  pellucida  of,  1989 
Ovarv  or  ovaries,  1085 

cortex  of,  1987 
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Ovarv  or  ovaries,  descent  of,  2043 

aevelopmcnt  of,  1993 

iixation  of,  1986 

Graafian  foUicles  of.  1988 

hilum  of,  1985 

ligament  of,  1987 

medulla  of,  1988 

norves  of,  1993 

position  of,  1986 

pract.  consid.,  1995 

surfaces  of,  1985 

suspcnsory  ligament  of,  1986 

structure  of,  1987 

vessels  of,  1992 
Oviduct,  1996 

Pacchionian  bodies.  1205 

depressions.  198 
Palate,  1567 

bone,  204 

articulations  of,  205 
development  of,  205 

hard,  1567 

lyniphatics  of,  954 

nerves  of,  1573 

pract.  consid.,  1592 

soft,  1568 

muscles  of,  1570 

vessels  of,  1572 
Pallium,  development  of,  1189 
Palmar  aponeurosis,  606 

fascia,  606 
Pancreas,  1732 

body  of,  1733 

development  of,  1737 

ducts  of,  1736 

head  of,  1732 

interalveolar  cell-areas  of,  1735 

islands  of  Langerhans  of,  1735 

Ivmphatics  of,  979 

nerves  of,  1737 

pract.  txmsid.,  1738 

relations  to  peritoneum  of,  1736 

structure  of,  1734 

vessels  of,  1736 
Panniculus  adiposus,  1384 
Papilla  or  papillac,  circumvallate,  1575 

dental,  1558 

of  duodenum,  1720 

filiform,  1575 

fungiform,  1575 

lachrvmal,  1478 

optic,  1462 

renal.  1875 
Panididvmis,  1950 
Parametrium,  2005 
Parathvruid  bodies,  1795 

structure  of,  1795 
Parietal  \xmc,  ig; 

articulations  of,  199 

impressions,  199 

lobe.  1 1 43 
Paroophoron,  2002 
Parotid  duct,  1 583 
gland,  15S2 

nerves  of,  i  583 
relations  of.  1582 
structure  of,  i  586 
vessels  of,  1 583 
Parovarium,  2000 
Patella.  ^08 

development  of.  400 
movumcnts  of,  409 


Patella,  pract.  consid.,  416 
Peduncle,  cereliellar,  inferit>r,  1067 

cerebral,  1107 
Pelvic  girdle,  332 
Pelvis,  ^^2 

development  of.  344 

diameters  of.  342 

diaphragm  of,  559 

index  of.  343 

joints  of,  337 

pract.  consid.,  350 

of  kidnev.  1894 

landmarks  of.  349 

ligaments  of.  337 

Ivmphatics  of,  983 

position  of.  342 

pract.  consid..  345 

sexual  diflferences.  ^43 

surface  anatom  v  o^  345 

\vhite  lines  of,  559 

as  a  whole,  341 
Penis.  K) 6 5 

corpora  cavemosa  of.  ig66 

corpus  s]:)ongiosum  of.  1967 

crura  of.  1967 

glans  of.  1968 

nerves  of.  1071 

pract.  consid.,  1072 

prepuce  of.  1066 

structure  of.  1968 

vessels  of,  1970 
Perica^cal  fossa?,  1666 
Pericardiuni.  714 

l>lood- vessels  of.  716 

ligaments  of,  716 

Ivmphatics  of.  716 

nerves  of .  716 

pract.  consid.,  716 
Perichondrium.  81 
Pericranium.  489 
PeriK-mph  of  interna!  car,  1514 
Perirhetrium,  2009 
Perimvsium.  458 
Perineal  l)ody.  2046 
Perineum,  female,  2046 

Ivmphatics  oif,  987 

male,  1915 

landrnarks  of,  19 18 

triangular  hgament  of,  563 
Perineurium,  1006 
Periosteum,  89 

alveolar,  1553 
Peritoneum,  1740 

cavitv,  lesscr  of,  1749 

development  of,  1702 

of  large  intestine,  1670 

parietal,  anterior,  1743 
folds  of,  1742 
fossa^  of,  1742 

pract.  consid.,  1754 
Perivascular  Ivmph-spaces.  031 
Pes  anserinus,  1252 

hippocampi.  1165 
Pet  it,  triangle  of,  574 
Petro-mastoid    portion    of    temporal    bone, 

Petrous   ganglion,    of    glosso-phar\'ngea], 
1264 
suMivision,   of    petro-mastoid    bone, 
iSi 
Peyer's  jvitches,  1641 
Phalangcs  of  foot,  432 
of  hand,  317 
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Phalanges  of  hand,  development  of,  318 
peculiarities,  318 
pract.  consid.,  320 
variations  of,  319 
Pharjmgeal  pouches,  1695 
Pharynx,  1596 

development  of,  1603 

growth  of,  1603 

raryngo-,  1598 

lymphatics  of,  954 

lymphoid  structures  of,  1599 

muscles  of,  1604 

našo-,  1598 

nerves  of,  1606 

oro-,  1598 

pract.  consid.,  1606 

primitive,    1694 

relations  of,  1601 

sinus  pyriformis  of,  1 598 

vessels  of,  1606 
Philtrum  of  lips,  1 540 
Pia  mater,  of  brain,  1202 

of  spinal  cord,  1022 
Pigment-cells  of  connective  tissue,  74 
Pillars  of  fauces,  1569 
Pineal  body,  11 24 
Pinna,  1484 
Piši  form  bone,  311 

Pituitary  bodv,  anterior  lobe  of,  1806 
development  of,  1808 
(hypophysis),  11 29 
Placenta,  49 

basal  plate  of,  51 

cotyledons  of,  50 

discoidal,  ^4 

fcetal  portion,  50 

giant  cells  of,  51 

intervillous  spaces  of,  51 

marginal  sinus  of,  53 

matemal  portion,  51 

multiple,  34 

septa  of,  51 

vitelline,  32 

zonular,  33 
Placentalia,  34 
Plane,  frontal,  3 

sagittal,  3 

transverse,  3 
Plasma-cells  of  connective  tissue,  74 
Plasmosome,  9 
Plates,  tarsal,  1444 
Platyrhines,  1404 
Pleura  or  pleurse,  1858 

blood- vessels  of,  1860 

nerves  of,  1861 

outlines  of,  1859 

pract.  consid.,  1864 

relations  to  chest-walls,  changes  in,  1863 
of  to  surface,  1859 

structure  of,  1860 
Plexus  or  plexuses,  aortic,  1373 
A  Auerbach,  1643 

brachial,  1292 

branches,  infraclavi  ular  of,  1297 

supraclavicular  of,  1295 
constitution  and  plan  of,  1293 
pract.  consid.,  1294 

cardiac,  1367 

carotid  (svmnathetic),  1360 

cavemous,  ot  penis,  1374 
(svmjKithetic),  13  61 

cervical,  1285 

branches  of,  1285 


Plexus  or  plexiises,   cervical,   branches, 

communicating  of,  1289 
deep,  of,  1280 
descending  ot,  1288 
muscular  of,  1289 
superficial  of,  1286 
supraacromial  of,  1289 
supraclavicular  of,  1288 
suprastemal  of,  1288 
pract.  consid.,  1393 
coccygeal,  1352 
coeliac,  1370 

lymphatic,  973 
coronary,  1368 
gastric,  1370 
nemorrhoidal,  1374 
hepatic,  1370 
hypogastnc,  1373 

lymphatic,  984 
iliac,  lymphatic,  983 
inguinal,  lymphatic,  991 
lumbar,  IJ19 

lymphatic,  973 
muscular  branches  of,  1320 
of  Mcissner,  1643 
mesenteric  inferior,  1373 

superior,  1372 
oesophageal,  1272 
ovarian,  13  71 
pampiniform,  1960 
•    parotid,  1252 
pelvic,  1374 
phrenic,  137 1 
pract.  consid.,  1330 
prostatic,  1374 
pudendal,  1345 

branches,  muscular  of,  1346 
visceral  of,  1346 
pulmonary,  anterior,  1272 

posterior,  1272 
renal,  137 1 
sacral,  1331 

branches,  articular  of,  1334 
collateral  of,  1332 
muscular  of,  1333 
terminal  of,  1334 
l>Tnphatic,  984 
posterior.  1282 
pract.  consid.,  1352 
šolar,  1368 
spermatic,  137 1 
splenic,  1370 
suprarenal,  137 1 
of  svmpathetic  nerves,  1367 
•       tvmpanic,  1264 
utero-vaginal,  1374 
vesical,  1374 
Plica  fimbriata,  1573 

semilunaris,  of  eve,  1443 
sublingualis,  1573 
Polar  bodv,  first,  16 
second,  16 
Pons  Varolii,  1077 

development  of ,  1 1 03 
interval  structure  of,  1078 
Pontine  flexure,  1062 

nucleus,  1078 
Portal  svstcm  of  veins,  919 
Postaxial,  4 

Pouch  of  Douglas,  1743 
pharyngeal,  61 
recto-uterine  *i743 
recto-vesical,  1743 
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Poupart,  ligament  of,  523 
Preaxial,  4 
Pregnane y,  2012 
Prepuce  of  penis,  1966 
Primitive  streak,  24 

significance  of,  25 
Process  or  processes.  ciliar\*,  1457 

fronto-nasal,  62 

mandibular,  62 

maxillary,  62 

nasal,  mesial,  62 
lateral,  62 

stvloid,  of  petrous  ..)one,  183 

unči  nate  of  ethmoid,  193 
Processus  cochleariformis,  182 

vaginalis,  2041 
Proctodaeum,  1695 
Prognathism,  229 
Pronephros,   1934 
Pronuclous,  female,  16 

male,  20 
Prophases  of  mitosis.  1 2 
Prosencephalon,  1059 
Prostate  gland,  1975 

dcvelopment  of,  1979 
lymphatics  of,  985 
nerves  of,  1078 
pract.  consid.,  1979 
relations  of,  1976 
structure  of,  1977 
vessels  of,  1978 
Proteins,  8 
Protoplasm,  7 
Protovertebraj,  29 
Psalterium,  11 58 
Pseudostomata,  72 
Pterion,  228 

Pterygoid  plate,  inner,  189 
outcr,  i8() 

processes  of  sphenoid  lK)ne,  189 
Pubes,  334 

Pulmonary  svstem  of  veins.  852 
Pulp  of  tecth,  1 554 
Pulvinar,  11 19 
Puncta,  lachrvmal,  1478 
Pupil,  I45M 

Purkinje  cel  Is  of  cerebellum,  1090 
Putamen,  11 70 
Pvramid,  1065 

Pvramidal  tract.  in  meduUa,  1075 
Pvramids.  decussation  of,  1064 

renal,  1876 
Pvrenin,  9 

Radius.  287 

deveh^pment  of.  293 

landmarks  of.  296 

pract.  cc^nsid..  203 

structure  of,  2()2 

surface  anatomv,  300 
Rami  communicantes  of  sympathetic  system, 

1356 
Ranvicr,  nodes  of.  looi 

Rauber.  cells  of.  23 

Reito-uterine  pouch.  1743 

Rec"lo-vesical  pouch,  1743 

Rectum,  1672 

blood-vessels  of.  1679 

growth  of,  1680 

lymphatics  of.  1680 

mus<los  and  fasciae  of,  1675 

nerves  of ,  1 680 

peritoneal  relations  of,  1679 


Rectum,  pract.  consid.,  1689 

structure  of,  1674 

val  ves  of,  1674 
Reduction  division,  18 
Reil,  island  of,  1149 

limitin^  sulcus  of,  1139 
Reissner's  hbre,  1030 

membrane,  of  cochlea,  1517 
Remak,  tibres  of,  1003 
Renal  duct,  1894 
Re prod uct ion,  6 
Reproductive   organs,   development   of. 

2037 
extemal,     female,     lymphatics 

of,   987 
male,  lymphatics  of,  986 
female,  1985 
intemal,  female,  lymphatics  of,  988 

male,  lymphatics  of,  987 
male,  194 1 
Respiration,  organs  of,  18 13 
Respiratory  region  of  noše,  1415 

tract,  development  of,  1861 
Restiform  bodv.  1067 
Rete  Malpighi.  1386 
Reticular  tissue,  75 
Reticulin,  S^ 
Retina.  1462 

blotxl- vessels  of,  1467 

development  of.  1482 

Ivmphatics  of,  1468 

]Kirs  optica  of,  1462 

pract.  consid.,  1468 

structure  of.  1463 
Retro-colic  fossa,  1667 
Retzius,  prevesical  space  of,  525 

spiice  of,  1906 

veins  of,  924 
Rhinencephalon.  1 1 5 1 

development  of.  i  iq^ 
Rhombencephalon,  derivatives  of,  1063 
Ribs.  149 

asternal,  1 50 

exceptional.  152 

floatmg.  1 50 

pract.  consid.,  169 

stemal,  i  50 

variations  of,  153 
I  Right  Ivmphatic  duct,  945 
Rima  glottidis.  1820 
Ring,  abdominal,  extemal,  524 
intemal,  524 

femoral  (crural),  1773 
Riolan,  muscle  of,  484 
Rivinus.  ducts  of,  1585 

notch  of.  1493 
Rolando,  fissure  of,  1137 

funiculus  of,  1067 
'  Rosenmiiller.  fossa  of .  1 598 

l\Tnph-nodes  of,  992 

organ  of,  2000 
Rostrum,  of  corpus  callosum,  11 56 
I  of  sphenoid  iK^ne,  187 

Ruffini,  corpuscles  of.  1017 
Ruysch,  membrane  of,  1456 

Sac,  conjunctival.  1443 

lachrvmal.  1478 

vitelline.  ^2 
Saccule.  1515 

structure  of.  1516 
Sacral  Ivmphatic  piexus,  984 
Sacro-iliac  articulation,  338        • 
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Sacro-sciatic  ligaments,  339 
Sacrum,  124 

development  of,  129 

sexual  differences  of,  127 

variations  of,  137 
Salivary  glands,  1582 

structure  of,  1585 
Santorini,  cartilages  of ,  1 8 1 7 

duct  of,  1736 
Saphenous  opening,  635 
Sarcolemma,  459 

Sarcous  (muscular)  substance,  459 
Scala  tympani,  1514 

vestibuli,  1514 
Sc«ilp,  lymphatics  of,  948 

muscles  and  fasciae,  pract.  consid.,  489 
Scaphoid,  300 

bone  of  foot,  425 

development  of,  426 
Scapula,  248 

development  of,  253 

landmarks  of,  255 

ligaments  of,  256 

pract.  consid.,  253 

sexual  differences,  252 

structure  of,  253 
3capulo-clavicular  articulation,  262 
Scarpa,  canals  of,  201 

fascia  of,  515 

ganglion  of,  1259 

triangle  of,  639 
Schlemm,  canal  of,  1452 
Schwann,  sheath  of,  looi 
Sclera,  1449 

development  of,  1482 

pract.  consid.,  1453 

structure  of,  1450 
Sclerotome,  30 
Scoliosis,  144 
Scrotum,  1961 

dartos  muscle  of,  1963 

nerves  of,  1964 

pract.  consid.,  1964 

raphe  of,  1962 

tunica  vaginalis  of,  1963 

vessels  of,  1964 
Segmentation,  21 

com plete,  22 

equal,  22 

p>artial,  22 
Sella  turcica,  1S6 
Semilunar  bone,  310 

cartilages  of  knee-joint,  402 

val  ves.  700 
Seminal  vesicles,  1956 

lymphatics  of,  988 
pract.  consid.,  1959 
relations  of,  1957 
structure  of,  1958 
vessels  of.  1958 
Seminiferous  tubules,  1942 
Sense,  organs  of,  1381 
Septum  or  septa,  aortic,  707 

auricular,  694 

crurale  (femorale\  625 

intermedium,  706 

intermuscular.  470 

interventricular,  696 

lucidum,  1 1 50 

median,  posterior.  of  spinal  cord,  1027 

nasal.  14 10 

cartilage  of.  1405 

placental,  51 


Septum  or  septa,  primum,  706 
secundum,  708 
spurium,  707 
trans  versum,  1701 
Serosa,  31 

Sertoli,  cells  of,  1943 
Sesamoid  bones,  104 
of  foot,  432 
of  hand,  318 
Sharpey's  iibres  of  bone,  87 
Shoulder,    muscles    and    fascia    of,    pract 

consid.,  ^70 
Shoulder-girale,  248 

surface  anatomy  of,  363 
Shoulder-joint,  274 
bursae  of,  277 
dislocation  of,  582 
landmarks  of,  280 
ligaments  of,  274 
movements  of,  277 
pract.  consid.,  278 
Shrapneirs  membrane,  1494 
Sigmoid  cavity,  greater,  of  ulna,  a8i 
Icsser,  of  ulna,  281 
flexure,  1669 

peritoneal  relations  of,  1671 
pract.  consid.,  1685 
Sinus  or  sinuses,  basilar,  874 
pract.  consid.,  874 
cavernous,  872 

Sract.  consid.,  873 
ir,  872 
confluence  of,  868 
of  dura  mater,  867 
frontal,    1423;  226  (bony) 

development  of,  1433 

pract.  consid.,  1427 
intercavemous,  872 
lactiferus,  2030 
lateral,  867 

pract.  consid.,  869 
longitudinal,  inferior,  871 

superior,  870 

pract.  consid.,  870 
marginal,  872 

of  placenta,  53 
maxillary,  1422;  20  (bony) 

development  of,  1431 

pract.  consid.,  1428 
of  Morgagni,  497 
occipital,  872 
palatal,  1425 
petrosal,  inferior,  874 

superior,  874 
pocularis,  1922 
praecervicalis,  61 
pyriformis  of  pharynx,  1 598 
renal,  1874 
reuniens,  707 
sigmoid,  868 
sphenoidal,  1425 

pract.  consid.,  1428 
spheno-parietal,  874 
straight,  872 
uro-genital,  1939 
of  Valsalva,  700 
venosus,  705 
Skele  ton,  103 

appendicular,  104 
axial,  103 
Skene,  tubos  of,  1924 
Skin,  blood- vessels  of,  1387 
development  of,  1400 
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Skin,  end-bulbs  of  Krausc,  1389 
end-organs  of  Ruffini,  1389 
geni  tal  corpuscles,  1380 
Golgi-mazzoni  corpuscles,  1389 
lyTnphatics  of,  1388 
Meissner's  corpuscles,  1389 
nerves  of,  1389 
pigmentation  of,  1387 
stratum  comeum  of,  1387 

germinativum  of,  1385 

granulosum  of,  1386 

lucidum  of,  1386 
structure  of,  1382 
Vater-Pacinian  corpuscles,  1389 
Skull,  172 

alveolar  point  of,  228 
anthropoiogy  of,  228 
asymmetry,  230 
auricular  point  of,  228 
capacity  of,  a  to 
changes  in  old  age,  233 
chordal  portion,  28 
dimensions  of,  229 
fontanelles  of ,  23 1 
glenoid  point  of,  228 
growth  and  age  of,  230 
index,  cephalic  of,  229 

facial  of,  229 

of  height  of,  229 

nasal  of,  229 

orbital  of,  229 

palatal  of,  229 
landmarks  of,  240 
malar  point  of,  228 
men  tal  point  of,  228 
occipital  point  of.  228 
pract.  consid.,  235 
prechordal  portion.  28 
sexual  differcnces.  234 
shape  of,  229 
subnasal  point  of.  229 
surface  anatomv,  234 
weight  of,  233  ' 
as  \vhole,  216 
Smegma,  iq66 

Solitarv  nodulcs  of  Intestine,  1640 
Somatopleura,  29 
Somites,  29 

Spaoe  or  spaces,  of  Burns,  543 
of  Fontana,  1452 
perforated,  anterior,  11  53 

postcrior,  1 107 
quadrangular,  of  m.  tercs  niaj«»r.  57I 
of  Retzius.  1906 

subarachnoid,  of  spinal  cord.  1022 
subdural,  of  S])inal  cord,  1022 
suhlingiial,  1581 
<»f  Tenon,  1437 

triangular.  of  m.  Icrcs  major,  578 
Spormatic  coni.  i()6o 

constituonts  of.  u)f>o 

|>;ini]iinifonn  ])lcxus  of,  1960 

prart.  consid..  i<)6i 

ductS,    K)  5^ 

ncrvos  of,  10  fH) 
stnutiire  of,  i()56 
\vss<.'ls  of.  K)  5 S 
tllami-nts,   io4<> 
S]tcnnati(ls,  1044 
Sivnnatorvlfs,  ])nniary,  1044 

seoiindarv,  n)44 
Spemialngoncsis,  H)4  4 
Sperma  tog«  mcs.  1044 


Spermatozoa,  1946 
Spermatozoon,  16 
Sperm-nucleus,  20 
Spheno-ethmoidal  recess,  141 1 
Spbenoid  bone,  186 

articulations  of,  190 
development  of,  190 
great  wings  of,  187 
lesser  wings  of ,  1 88 
pterygoid  processes  of,  189 
Sphenoidal  sinus,  1425 
Spheno-palatine  ganglion,  1240 
Spigelius,  lobe  of,  1707 
Spinal  column,  114 
Spinal  cord,  1021 

anterior  hom,  nerve-cells  of,   1030 
arachnoid  of,  1022 
blood-vessels  of,  1047 
cauda  equina  of,  1025 
central  canal  of,  1030 
columns  of,  1027 
anterior,  1027 
lateral,  1027 
posterior,  1027 
commissure,  gray  of,  1028 

white,  anterior  of,  1028 
conus  medullaris,  102 1 
dcnticulate  ligaments  of,  1023 
development  of,  1049 
dura  mater  of,  1022 
enlargement,  cervical,  of,  1026 

lumbar  of,  1026 
fibre-tracts  of  \vhite  matter,  1038 
tissure,  median  anterior  of,  1027 
form  of,  1026 
gray  matter  of,  1028 

nerve-ftbres  of,  1036 
neuroglia  of.  1035 
ground-bundle,  anterior,  1046 

lateral,  1045 
hom,  anterior  of,  1029 
lateral  of,  1029 
i)osterior  of,  1029 
memoranes  of,  1022 
microscopical  structure  of,   1030 
nerve-cells,  grouping  of,  1032 
pia  mater  of,  1022 
posterior  hom,  nerve-cells  of,  1033 
pract.  consid.,  105 1 
nx>t-line,  ventral  of,  1027 
segments  of,  1024 
sentum,  median  posterior  of,  1027 
suDstantia   gelatinosa    Rolandi   01, 

1029 
sulcus  postero-lateral  of.  1027 
tract,  anterior  pyramidal  (direct), 
1046 

of  Burdach,  1030 

direct  cerel>ellar.  1044 

of  Goli,  1030 

of  Gower,  1044 

lateral     (iT«>ss<'d     pvramidal), 

1043 
of  Lissauer.  1042 
\vhite  matter  of.  1036 
ganglia,  1279 
nerves.  1278 

••onstitution  of,  127S 

divisions.  primarv,  anterior.  of,  1284 

]K>steric>r,  of,  i  ?yi) 
numlnjr  of,  i2  7(> 
sizo  of.  1270 
typical,  1284 
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Spinal  nerves,  ventral  (motor)  roots  of,  1279 
Spine,  114 

articulations  of,  132 

aspect,  anterior  of,  138 
lateral  of,  138 
posterior  of,  138 

curves  of,  138 

dimensions  and  proportions  of,  141 

landmarks  of ,  146 

lateral  curvature  of,  144 

ligaments  of,  132 

movements  of,  142 

practical  considerations,  143 

sprains  of,  144 

as  whole,  138 
Splanchnopleura,  29 
Splanchnoskeleton,  84 
Spleen,  1781 

development  and  g^ovvth  of,  1787 

lymphatics  of,  982 

movable,  1788 

nerves  of,  1787 

nodules   (Malphighian  bodies)   pf,    1784 

peritoneal  relations  of,  1785 

pract.  consid.,  1787 

pulp  of,  1783 

structure  of,  1783 

surface  anatomy  of,  1787 
basal,  1782 
gastric,  1782 
phrenic,  1781 
renal,  1782 

suspensory  Hgamenl  of,  1 786 

vessels  of,  1786 
Spleens,  accessorv.  1787 
Splenium,  of  corpus  callosum,  11 56 
Spongioblasts    i  o  i  o 
Spongioplasm,  8 
Sprains,  of  spine,  144 
Squamous  portion  of  temporal  bone,  177 
Stapes,  1498 
Stenson,  canals  of,  201 

duct,  1583 
Stephanion,  229 
Stemo-clavicular  articulation,  261 

pract.  consid.,  263 
Stemum,  155 

development  of ,  157 

pract.  consid.,  168 

sexual  differences  of  1 56 

variations  of,  1 56 
Stigmata,  72 
Stilling,  canal  of,  1474 
Stomach,  161 7 

blood-vessels  of,  1627 

curvature  greater  of,  161 7 

curvature  lesser  of,  161 7 

fundus  of,  1 61 8 

glands  of,  1623 

growth  of,  1629 

lymphatics  of,  976,  1628 

nerves  of,  1628 

peritoneal  relations  of,  1610 

position  and  relations  of,  1619 

pract.  consid.,  1629 

pvlorus.  1 61 8 

shape  of,  161 8 

structure  of.  1621 

variations  of,  1620 

wcight  and  dimensions  of,  1619 
Stomata,  72 
Stomcnhrum,  1694 
Strabismus,  1440 


Stratum  zonale,  of  thalamus,  11 23 
Stria  medullaris,  1 1 1 9 
Stria;,  acoustic,  1096 
Structure,  elements  of,  5 
Styloid  process  of  ulna,  285 
Sublingual  ducts,  1585 
gland,  1585 

nerves  of,  1585 
structure  of,  1587 
vessels  of,  1 585 
space,  1 58 1 
Submaxillary  duct,  1 584 
ganglion,  1247 
gland,  1583 

nerves  of,  1585 
structure  of,  1587 
vessels  of,  1585 
Subp>atellar  fat,  405 
Subperiosteal  bone,  98 
Sub-peritoneal  tissue,  1742- 
Substantia  nigra,  1109 
Sulci,  development  of,  11 90 
fissures,  cerebral,  1135 
Sulcus  hypothalamicus,  1 1 19 
Suprarenal  bodies,  1801 
accessory,  1805 
development  of,  1804 
growth  of,  1804 
nerves  of,  1803 
pract.  consid.,  1806 
relations  of,  1801 
structure  of,  1802 
vessels  of,  1803 
body,  lymphatics  of,  983 
Suture  or  sutures,  107 
amniotic,  31 
coronal,  216 
cranial,  216 

closure  of,  233 
lambdoidal,  217 
sagittal,  216 
Sylvian  aqueduct,  1108 
gray  matter,  1 109 
Sylvius,  fissure  of,  1136 
Sympathetic  nerves,  plexuses  of,  1367 
Sympathetic  svstem,  1353 
aortic  nerves,  1364 
association  confs  of,  1357 
constitution  of,  1355 
ganglia  of.  1356 
ganj2[liated  cord  of,  1355 
gangliated     cord,    cervico-cephalic 
portion,  1358 

lumbar  portion,  1366 
sacral  portion,  1367 
thoracic  portion,  1364 
nerve-fibres  of,  1356 
plexus,  aortic,  1372 
cardiac,  1367 
carotid,  1360 
cavemous,  1361 
ca vemous,  of  penis,  1374 
cceliac,  1370 
gastric,  1370 
hemorrhoidal.  1374 
hepatic,  1370 
hypogastnc,  1374 
mesenteric,  inferior,  1373 

superior,  1372 
ovarian,  1372 
pelvic,  1374 
phrenic,  137 1 
prostatic,  1374 
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Sympathetic  system,  plexus,  renal,  13  71 
šolar,  1368 
spermatic,  1372 
splcnic,  1370 
suprarenai,  137 1 
utero-vaginal,  1374 
vesical,  1374 
plexuses  of,  1356 
pract.  consid.,  1375 
pulmonary  nerves,  1364 
rami  communicantes  of,  1356 
splanchnic  afferent  fibres  of,  1357 
efferent  libres  of,  1357 
nerves,  1364 
Symphvsis,  108 
pubis.  339 
Synarthrosis,  107 
Synchondrosis,  108 
Syncytium  of  chorion,  49 
Syndesmosis,  108 
System,  gastro-pulmonary,  1527 
muscular,  454 
nervous,  996 
uro-genital,  1869 

Taenia  chorioidea,  1164 

coli,  1660 

fornicis,  11 63 

semicircularis,  1162 

t  halami,  11 19 
Tapetum,  11 57 
Tarsal  bones,  419 

plates,  1444 
Tarsus,  419 
Taste,  orean  of,  1433 
Taste-buas,  1433 

development  of,  1436 

nerves  of,  1435 

structure  of,  1434 
Teeth,  1542 

alveolar  periosteum,  1553 

bicuspids  (premolars),  1545 

canines,  1544 
milk.  1545 

cementum  of,  1552 

dentine  of,  1550 

development  of,  1556 

enamel  of,  1 548 

homologies  of,  1 566 

implantation  and  relations  of,  1554 

incisors,  1543 
milk, '1544 

l\Tnphatics  of,  951 

milk,  eruption  of ,  1 564 
(temporary).  1542 

molars,  1546 
milk,'  1547 

neck  of,  1542 

permanent,  1542 

development  of.  1564 
eruption  of,  1565 
relations  of,  1554 

pract.  consid.,  1591 

pulp  of,  1554 

pulp-cavitv  of,  1542 

tem|K)rary,  relations  of,  1556 

variations  of,  1 566 
Tcgmen  tymj)ani,  1496 
Tegmentum.  1 1 1 2 
Tela  chorioidea.  1097 

subcutanea,  1384 
Telencephalon,  1132 
Telophascs  of  milosis,  13 


'  Temporal  bone,  176 

articulations  of,  184 
cavities  and  passages,  183 
development  of,  184 
jK^rtion,  petro-mastoid,  179 
squamous,  177 
tympanic,  179 
lobe,  1 1 47 
Temporo-mandibular  articulation,  214 
Tendo  oculi,  484 
Tendon,  77,  468 

conjoined,  518 
Tendon-cells,  78 
Tendon-sheaths,  470 
Tenon,  ca})sule  of,  504 

space  of,  1437 
Tentorium  cerebelli,  1199 
Terms,  descriptivc.  3 
Testis  or  testcs,  1941 

appendages  of,  1949 
architecture  of,  1942 
descent  of,  2040 
lymphatics  of,  987 
mediastinum  of,  1942 
ner\'es  of,  1948 
pract.  consid.,  1950 
structure  of,  1942 
tubules  seminiferous  of,  1942 
tunica  albuginea  of,  1942 
vesscls  of,  1948 
Thalamic  radiation,  1122 
Thalamus,  11 18 

connections  of ,  1 1 2 1 
structure  of,  11 20 
Thebesian  valve,  695 

veins,  694 
Theca  folliculi,  of  hair,  1392 
Thenar  eminence.  607 
Thigh,  landmarks  of,  670 

muscles  and   fasciae  of,   pract.   consid. 
642 
Third  ventride.  1131 

choroid  plexus  of,  1 131 
Thorax,  149 

articulations  of,  157 
in  infancy  and  childhood,  164 
landmarks  of,  1 70 
IjTnphatics  of,  966 
movements  of,  165 
pract.  consid.,  167 
sexual  differences,  164 
subdivisions  of,  1832 
surface  anatomy,  166 

landmarks  of,  1868 
as  whole,  162 
Thumb,  articulation  of,  326 
Thymus  body,  1796 

changes  of,  1797 
development  of,  1800 
nerves  of.  1800 
shape  and  relations  of,  1796 
structure  of,  1 798 
vessels  of,  1790 
weight  of,  1797 
Thyroid  lK>dies,  accessory,  1793 
Thyroid  body,  1789 

development  of,  1793 
nerves  of.  1703 
pract.  consid..  1704 
shape  and  relations  of,  1780 
structure  of,  1791 
vessels  of,  1792 
cartilago.  181 4 


TKIS  VOLUME  CONTAINS   PAGES  1   TO  9^S. 


I032 


INDEX. 


Vein  vyi  veiiis,  cervical,  deep,  859 

middle,  884 
chordae  Willissi,  870 
choroid,  877 
ciliary,  anterior,  879 

posterior,  879 
circulation,  foetail,  929 
circumflex,  iliac,  deep,  910 
superficial,  917 

of  leg.  914 
classification  of,  852 
clitoris,  909 
coHc,  middle,  921 

right,  921 
condyloid,  anterior,  874 
confluence  of  the  sinuses,  868 
coronary,  of  facial,  865 

infcrior,  of  facial,  865 

left,  855 

right,  856 
of  corpus  callosum,  anterior,  878 
posterior,  877 

cavemosum,  907 

striatum,  877 
costo-axillary,  896 
crico-thyroia,  of  superior  thvroid,   867 
cystic,  923 
deep  dorsal  of  penis  (clitoris),  909 

of  forearm.  886 

of  hand.  886 
dental,  inferior,  883 

superior,  883 
development  of,  926 
diploic,  874 

anterior.  875 

occi pital,  875 

pract.  consid.,  875 

tem|X)ral.  anterior,  875 
posterior,  875 
dorsal,  of  foot,  910 

interosseous,  886 
ductus  Arantii,  929 

arteriosus,  930 

Botalli,  930 

venosus,  929 
emissaries  of  foramen  lacerum  medium, 

876 
emissary,  875 

condyloid,  anterior,  876 
posterior,  876 

of  foramen  ovale,  876 
of  Vesalius,  876 

mastoid,  876 

occi  pital,  876 

parietal,  876 

pract.  consid.,  876 
epigastric,  deep,  909 

superficial,  917 

su^x;rior.  of  intemal  mammarv,  860 
ethmoidal,  879 
facial,  864 

common,  864 

deep,  865 

pract.  consid.,  864 

transversc,  882 
femoral,  deep,  914 

pract.  consid.,  918 
f(L»tal  circulation,  929 
of  foot,  deep,  g  10 

sui)erficial,  914 
foramen  lacerum  medium,  876 
frontal,  of  facial,  865 
of  Galen,  856 


Vein  or  veins,  gastric,  923 

short,  021 
gastro-epiploic,  left,  931 

right,  921 
gluteal,  905 
nemiazygos,  895 

accessory,  895 
hemorrhoidal,  inferior,  907 

middle,  908 

plexus,  908 

superior,  922 
hepatic,  902 

pract.  consid.,  904 
hepatica  communis,  900 
ileo-colic,  921 
iliac,  common,  905 

pract.  consid.,  917 

extemal,  909 

pract.  consid.,  918 

internal,  905 

pract.  consid.,  918 
ilio-lumbar,  906 
inferior  cava,  pract.  consid.,  900 

caval  system,  898 
innominate,  858 

development  of,  859 

pract.  consid.,  859 
interc^)itular  of  hand,  889 
intercostal,  896 

anterior,  of  intemal  mammary.  860 

superior,  896 

accessory  left,  896 
intervertebral,  898 
jugular,  anterior,  884 

extemal,  880 

posterior,  884 
pract.  consid.,  881 

intemal,  861 

bulbs  of,  861 
prac.  consid.,  863 
labial,  inferior,  of  facial,  865 

superior,  865 
lacunaj  of  dural  sinuses,  852 
laryngeal,  inferior,  861 

superior,   of  superior  thyroid,   867 
of  leg,  deep,  911 

pract.  consid.,  918 
of  limbs,  development  of,  929 
lingual,  deep,  of^  facial,  867 

of  facial,  867 
lumbar,  901 

ascending,  901 
mammary,  extemal,  888 

intemal,  860 
marginal,  right,  856 
marginalis  sinistra,  855 
of  Marshall,  856 
masseteric,  of  facial,  866 
mastoid  emissary,  86g 
maxillary,  intemal,  882 

intemal,  anterior,  of  facial.  865 
median,  890 

deep,  886 
mediastinal.  anterior,  861 
medulli-spinal,  898 
meningeal,  middle,  883 
mesenteric,  inferior,  922 

superior.  921 
metacarpal,  dorsal,  889 
nasal,  lateral,  of  facial,  865 
oblique,  of  heart,  695 

of  left  auricle,  856 
obturator,  907 
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Vein  or  veins,  occipital,  859 

ophthalmic,  aiiastomoses  of,  880 

inferior,  879 

pract.  consid.,  880 

superior,  879 
ovarian,  903 
]>alatine,  asccnding,  of  faciai,  866 

inferior,  of  faciai,  866 
palmar  arches,  886 
supcrticial,  890 
palpebral,  of  faeial,  865 
pampiniform  plexus,  903 
pancreatic,  921 
pancreatico-duodenal,  921 
parotid,  anterior,  of  faciai,  866 

Ix>sterior,  882 
parumbilical,  923 

perforating,  of  internal  mammary,  860 
pericardial,  861 
^lerineal,  suix;rficial,  907 
]>eroneal,  911 
pharyngeal,  863 

ploxus,  864 
phrenio,  inferior,  901 

suf>erior,  861 
plantar,  910 

external,  g  10 
plexus,  alveolar,  882 

external,  sninal,  897 

hcniorrhtjioal,  venous,  908 

internal,  spinal,  897 

ptervgoid.  882 

sacral,  905 

of  Santorini,  909 

vcnosus  mammillae,  888 
|X)pliteal,  911 

pract.  consid.,  918 
portal,  910 

accessorv,  023 

collateral  circulation  of,  923 

development  of,  928 

of  liver,  1 709 

svstem,  919 

pract.  consid.,  925 
ptervgoid,  plexus,  882 
pudendal  plexus,  909 
pudic,  external,  916 

internal,  907 
pulmonarv,  852 

anastomoses  of.  853 
pvloric.  923 
radial.  886 

superficial.  891 

accessory,  891 
renal.  902 

pract.  consid.,  004 
of  Retzius.  024 
sacral,  anterior.  plcxus,  905 

lateral,  906 

niiddlo.  00^ 
saphenous,  accessorv,  916 

long.  916 

ahoTt  .915 
sriatii',  <)o6 

<»f  soptinn  lucidum,  877 
sigmoid,  922 
sinus,  l>asilar,  874 

pract.  c«»nsi<l.,  874 

cavernous,  872 

pract.  consid.,  873 

circiilar,  872 

coronarv,  854 

of  dura  mater,  867 


Vein  or  veins.  sinus,  dural,  blood-lakes  of, 

852 
structure  of,  851 

intercavcmous,  872 

lateral,  867 

pract.  consid.,  869 

longitudinal,  inferior,  871 
superior,  870 

pract.  consid.,  870 

marginal,  872 

occipital,  872 

Ixitrosal,  inferior,  874 
superior,  874 

spheno-parietal,  874 

straight,  872 
sniall,  of  Galcn,  877 

intestine,  921 
spcnnatic,  903 

pract.  consid.,  904 
spheno-ixilatine,  882 
spinal,  897 

cord,  898 

pract.  consid.,  898 
splenic,  921 
sterno-niastoid,    of  sujHjrior  thyroid. 

867 
structure  of,  677 
sulx"lavian,  884 

pract.  consid.,  885  ^ 

subcostal,  896 
sublingual,  867 
submcntal,  of  faciai,  866 
superficial  of  hand.  889 
su})crior  ca  val  svstem,  857 
supraorbital,  of  faciai,  865 
suprarenal,  middle,  903 

inferior,  902 
suprascapular,  884 
Svlvian,  deep.  878 
temporal.  deep,  883 

middle.  882 

superficial,  882 
temj)oro-maxillary,  882 
testicular,  903 
Thel)esian.  694 
thoracic,  acromial,  890 

long.  887 
thoraco-epigastric,  888 
th\Tnic,  861 
thvroid,  inferior,  860 

pract.  consid.,  86 x 

middle,  867 

plexus,  860 

superior,  867 
tibial,  anterior,  911 

pf )Sterior,  q  1 1 
torcular  Herophili,  86S 
tvmpanic,  of  temporal.  882 
ulnar,  886 

su]ieriicial,  800 
umbilical,  34 
of  upix?r  extremity,  886 

pract.  ccmsid.,  891 
ureteric,  of  renal,  902 

of  s|x?rmatic.  903 
uterine,  008 

plexus,  008 
utero-vaginal  plexus.  908 
vaginal.  908 

])lexus,  908 
val  ves  of,  850,  851 
vena  cava  inferior,  800 

development  of,  927 
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Vein  or  veins,  vena  cava  superior,  857 

dcvelopment  of,  927 
pract.  consid.,  858 

cephalica  poUicis,  889 

salvatella,  889 

supraumbilicalis,  933 

thyreoidea  ima,  861 
vena;  comites,  851 

vorticosffi,  879 
vertebral,  860 
vesical,  908 

vesico-prostatic  plexus,  909 
vesico-vaginal  plexus,  909 
vitelline  circulation,  939 
Velum  interpositum,  11 62 
Ventricle  or  ventricles,  fif th,  1 1 60 
fourth,  1096 
of  heart»  696 
lateral,  11 60 

anterior  hom  of ,  1 1 60 

body  of,  1 1 61 

choroid  plexus  of ,  1 1 62 

inferior  (descending)   horn  of, 
1 1 64 

posterior  hom  of ,  1 1 68 
(sinus)  of  larynx,  1822 
third,  1 131 
Vermiform  appendix,  1664 
Vemix  caseosa,  66 
Vertebra  or  vertebra?,  114 
articular  surf aces  of ,  116 
bod)^  of ,  115 
cervical,  116 
development  of,  12S 
dimensions  of,  122 
gradual  regional  changes  of,  122 
lamina;  of ,  115 
lumbar,  117 

mammillary  processes  of,  118 
pecuHar,  119 
j)edides  of ,  115 
presacral,  128 
prominens,  121 
spinal  foramcn  of .  115 
spinous  process  of ,  115 
structure  of,  128 
thoracic,  115 

transverse  processes  of ,  115 
variations  of,  131 
Verumontanum,  1022 
Vesalius,  foramen  of,  188 
Vesicle,  germinal,  15 

umbilical.  42 
Vesicles,  sem  in  al,  1056 
Vessels  of  elitoris.  2025 
of  epidi(lymis,  1048 
Oi'  tallopian  tulnj,  1098 
of  }?all-bladder,  17 19 
of  la]>ia,  2023 
of  larynx,  1826 
of  lips,  I  542 

of  mammarv  glands,  2031 
of  crs()]>hagiis,  '612 
of  ovarv,  1092 
of  palatc,  1572 
of  pancreas,  1736 
of  parotid  glancl,  1583 
of  iHjnis,  I (»70 
of  i)harynx..  160^) 
of  prostate  gland.  1078 
of  nx)ts  of  limgs,  183^ 
of  srrotum,  ig64 


I  Vessels  of  seminal  vesicles,  1958 
M^    of  spermatic  ducts,  1958 
IIP    of  spleen,  1 786 
^        of  sublingual  gland,  1585 

of  submaxillary  gland,  1 585 

of  suprarenal  bodies,  1 803 

of  testis,  1948 

of  thymus  body,  1799 

of  thyroid  body,  1792 

of  tongue,  1 580 

of  trachea,  1836 

of  ureter,  1897 

of  urethra,  1926 

of  urinary  bladder,  1910 

of  utenis,  2009 

of  vagina,  2018 
Vestibule  of  mouth,  1538 

of  noše,  1409 

of  osseous  labyrinth,  1511 

of  vagina,  2022 
Vicq  d'Azyr,  bundle  of,  1121 
Vidian  canal,  189 
Villi  of  chorion,  49 

of  intestine,  1635 
lacteals  of,  1636 
Vincula  tendinum,  471 
Vital  manifestations,  6 
Vitelline  arteries,  32 

duct,  ^2 

membrane,  15 

sac,  32 
Vitello-intestinal  duct,  37 
Vitellus,  15 
Vitreous  body,  1473 

pract.  consid.,  1474 
Vocal  cords,  false,  1820 

true,  1820 
Volkmann's  canals,  of  bone,  89 
Volvulus,  1687 
Vomer,  205 
Vulva,  2021 

Wharton,  duct  of,  1584 

jellv  of.  54 
White  lines  of  pelvis,  559 

of  anal  canal,  1673 
\Vinslow,  foramen  of,  1746 
\Virsung,  duct  of,  1736 
\Visdom-tooth,  1546 
\Volffian  bodv,  1935 

duct,  1935 
j  Womb,  2003 

\Vorm  of  cerebellum.  1082 
I  \Vrist,  anterior  annular  ligament,  607 

movements  of,  326 

pract.  consid.,  613 

surface  anatom  v  of.  328 
\Vrist-joint,  landmarks  of,  330 

pract.  consid.,  329 

Xiph()id  process  of  stemum,  156 

Volk-stalk,  37 

Zeiss,  glands  o{,  1444 
Zinn,  annulus  of.  503 

zonula  of.  1475 
Zona  pellucida,  15 

radiata,  15 
Zonula  of  Zinn.  1475 
Zuckerkandl,  bodies  of,  181 2 
Zygomatic  process  of  tcmporal  bone,  178 
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